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20 inflammati on and_.oxi dative stress and the treatnent of the sane,

whereas WD 02/ 090977 describes a nethod to test substances for

i nfl ammat ory or oxi dant properties. Recent devel opnents have focused on
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tyrosine derivatives like NO2-, Br-, Cd-tyrosine, nethionine sulfoxide,
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Bi oactive |ipids of prostanoid structure and hydroxylated fatty acid
derivatives play a central role in the netabolism of higher organisns.
Prost agl andi ns are key nediators of inflamuation, pain, fever and

anaphyl actic reactions, thronboxanes nedi ate vasoconstriction, and
prostacycliris are active in the resolution phase of inflanmmtion and in
car di opafiin®ayi on. A wi de variety of other biological processes is directly
or indirectly influenced by the action of prostanoids: henostasis,

pl at elgt ' ki dne d_gastric function, femal e reproduction,
angiogenggggmgggﬁkg gggﬁanﬁﬁﬁg¥#%ﬁ@FmH@V@ﬂ@ﬁﬁﬁﬁﬁuﬁﬁ@m@mﬁter [WIliams, C
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occur P¥ITReTRPY-anmat i on, during radiation or during netabolism of hornones,
drugs, and environnmental toxins. WD 2008/ 145384PCT/ EP2008/ 004323 ROS can
easily react with lipids formng |lipid hydroperoxides of different origin.
The ROSnedi ated oxidation of esterified linoleic acid-containing |ipids
and free linoleic acid results in the formation of

hydr oper oxyoct adecadi enoi ¢ acid (HPODE) isoners; they are subsequently
reduced to the correspondi ng hydroxyoct adecadi enoi ¢ aci ds ( HODEs) .

Oxi dation of 5 arachidonic acid-containing lipids and free arachi donic by
RCS, on the other hand, leads to the formation of a conplex m xture of
hydr oper oxyei cosat etraenoi ¢ aci ds (HPETEs) that are reduced to

hydr oxyei cosat etraenoi c acids (HETEs) [Blair, I. A, j_BioLChem 20081.

Li pi d hydroperceddes can al so be forned by |ipoxygenases (LOXs) [Anes, B.
N. et alL, Proc.NadAcadSci U.S. A 1993, 90, 7915-22] and cycl ooxygenases
(COXs) . [Porter, N. A et alL, 10 Lipids 1995, 30, 277-90] acting on

pol yunsaturated fatty acids (PUFAs). Normal netabolic processes generate
potentially hazardous reactive oxygen species that |lead to oxidative
damage and inflammati on, while both interconnected processes have in turn
a general and pronounced inpact on netabolic reactions. This process
increases wth age. 15 Oxidative stress and inflammati on have been
inplicated in many di seases, e.g. atherosclerosis, hypertension, asthmg,
COPD, acute lung injury, heart failure, kidney and hepatic di seases. As
for kidney disease, for exanple, both increased oxidative stress and

i ncreased acute 20 phase inflammation, considered as nontraditional risk
factors, are postulated as to be inportant contributors to uremnc

cardi ovascul ar risk [H melfarb, J., Seminars in D alysis 2008, 17,
449-454(6)]. Oxidative cellular danage occurs frequently in livers with

al coholic and non-al coholic fatty |iver di sease, show ng strong

correl ation of 8- hydroxydeoxyguanosi ne and 4-hydroxy-2'-nonenal indices
with necro-inflammation [Selci, S. 25et alL, Hi stopathol ogy 2003, 42,
365-71; Seki, S. et alL HepatoLRes. 2005, 33, 132-34]. The concurrent
assessnment of inflammation- and oxi dative stress-rel ated paraneters as
well as the determnation of the overall netabolic status of the organi sm
according to the invention is highly beneficial in respect to diagnosis,
treatment, and prognosis of diseases. 30 Ideally, a defined and conbi ned
set of biomarkers as obtained according to the invention that cover

i nfl ammati on, oxidative stress and netabolic aspects of a disease serves
as a val uabl e diagnostic and prognostic tool in health care. According to
the nethod for determning the system c status of inflammuation, oxidative
35 stress and netabolic disturbances in a biological sanple of the present
i nvention one or more derivatives 6f arachidonic acid (eicosanoids), of

|l inoleic acid and/ or of docosahexaenoic acid are detected (hereinafter
referred to as the first group of conpounds). Preferably these one or nore
derivatives of arachidonic acid, linoleic acid and/or docosahexaenoic acid



25 Additionally, it is particularly preferable according to the present
invention to detect the one or nore derivatives of arachidonic acid,

| i nol ei c add and/ or docosahexaenoic acid (first group) and the one or nore
paraneters of inflammtion and oxidative stress (second group) together

wi th one eor nore analytes,frao her netabolite. cl es jn. parallel 30
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consi sting of_ a-ketoglutarate, succinate, Cog"), nethionine sphingolipids,
such asndeliEaiicgen it pHBishRAt e, sphi ngosi ne- | phosphate, sphi ngonyel i ns and
hydr oxy) at e SRRAGRIN SN Sf a3 RUSR: dcka eeicogaﬁoih{j, principl e possible
according to the present invention to carry out the nethod based on any
combi n&Di onowforinteee debygey e oyt scid ged abol i tes) of the three groups, the
fol | owpp CQhdi-Adhd QRS arkks oPdocASIHENR rticularly preferred.
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one or r i r.afl ferably using the nmethods and
devi ce: ag%@%&?@%gﬁ?‘ﬁﬁ%ﬁ%%%ddggﬁfﬁ%ﬁd WO 2007/ 003343 10 whi ch

appl i clat i onsneapre niyot lanilpieoripor atthel stabbliic njaspef sriendefroBythasgmep t hese

met hods, . ..wherekn il res,d h Lerol i.t.er. plate al.read ontain the
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addi tional solid phase extractions or liquid-liquid extraction procedures.
Consequently, the nethod according to the present invention is less tine
15 coris adcog e, tera ispeoveie & ik dorptsiniga dSIR] WiBish EREDEBPMEL BRES mobd)
particular, it is possible accordin? to the present invention to carry out
t he deYHREIURC PO BseRpPrasadehyy taatiess ope intpmal fandaidnvheraimthgkitisf from 5 pci
t 0 10QdfPieddBtaiRiLoPhefhehaPldiefii@mdR, . Ul to 50 pd. Quite in contrast the
prior art processes require a volune of at |east 500 pci. These | ow sanple
vol unes used according to the present invention render the nethod al so an
i deal 126 thapRipe athdrOB plodide SABIbharka T RteWDhiEB SysteBridmeSRAMPLES i sSR! |

ani mals or studies on newborns. Apart there from the |limt of detection

i s al ribampyienepdeioxigptive strass ip k hiologicef sagipleewhichporofristhe prior art, even

t houghyte oS AsP LG eY BRarkGiine Yol (eﬁggaﬁ?mg,e“ eased according to the
present_invention 25 The biol ogi cal sanple may be obtained froma mammal,
pr ef edibene of marp dgrivasitieseof ligoleigtacidgngui nea pig, a dog, a nmini-pig, a primte’
or a gﬁﬁ%ﬁ]ﬁ: or HWS deril IR e B 2RO AOCOR R G hRethd?§ihnvention is an in ultra

met hod. "The detection according to the present invention is based on a
quant i(tVARe &7 FvE PHidating sBEHs aramtere eelerind| fom s sranpl ckesisting iofi t he pri or

art,  SYEHnAgeRAAIBKOSOAPRY. cf}’%%éiﬁé,)%{%ﬁa%ﬁine%ﬁ\?\ﬁﬁ?,%ﬁaﬁg%&ié’@t ry. .
Particularly preferable Is nmass spectronetry, IT'e the specific technique
i s nott-Paraupwdingmdys-OH guamegine Angpterns spreydarning vitumips naayiotidangss ed  accor di ng

t o t N REERRN bpdRHRRL bRMisc@BRdsiir1dattSialis TRESSPect ronet ry techni ques,

whi ch "conmbi.ne ‘e.g. atnospheric pressure 1onization nodi or MALDL with

si ngl é&)ofnet £ ploee epakyés uligen - otherometebadite clagls Tactal IPOFTQEeget ect i on

syste iohi S lufardfEL j t - be_ i ndj ' f various kinds
of dig§§§§§§°§¥§%§gés of’ %?gﬁggég&ﬁ ﬁ@ﬁﬁﬁﬁ?gﬁﬁh§§P V%%¥&§C%%rding to the
pr esefRhipgoviaet ipberrkate spardognsiinsand dydreyyeted sphivkbmpetms.or y di seases such as
chronic airway inflammation or atherosclerosis, and 40 netabolic

di sorders |i ke diabetes. Furthernore, obstructive |ung disease,

i nfl ammat ory bowel disease, cardiac ischem a, glonerul onephritis, macul ar
degenerati on and vari ous neurodegenerative disorders may be nentioned. The
nmet hod of the invention is also useful In detecting the gradual change of
oxidative stress e.g. due to therapeutic effects. WO

2008/ 145384PCT/ EP2008/ 004323 Moreover the invention is also directed to a
kit adapted for carrying out the nethod wherein the kit conprises a device
whi ch device contains one or nore wells and one or nore inserts

i npregnated with at | east one i nteBAlal standard Such a device is in detai
described in WO 2007/ 003344 and WO 2007/003343 as nentioned above. 5
Additionally the invention is also directed to the biomarker for

determ ning a system c netabolic status in relation to inflammtion and
oxidative stress in a biological sanple itself. I1Cl The present invention
wi |l becone nore apparent in view of the follow ng exanpl es specifying



Exanpl es 15 Introduction: Free fatty acid netabolites, such as arachidonic
acid and its plethora of downstream netabolites, all play inportant roles

i n many physiol ogi cal and pat hol ogi cal processes, including devel opnent of
di fferent di seases such as various cancer types, diabetes, 20

cardi ovascul ar di sease and chronic airway inflammuations. In the foll ow ng

experinental setting, it was the focus to determ ne prostanoids, hydroxy-,
hydr oper ox3r- and epoxyl ated aci ds and non-enzymati c peroxidation products

like i SO 0st anes i.ch derived fromcycl ooxygenase, |ipoxygenase and
cyt ochr offe "e?fz%é’ ifbqdiments ous bi ol ogi cal sanmple types. 25 As
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Normal metabolic processes generate potentially hazardous reactive oxygen species that lead

to oxidative damage and inflammation, while both interconnected procésses have in turn a

~ general and pronounced impact on metabolic reactions. This process increases with age.
15 Oxidative stress and inflammation have been implicated in many diseases, e.g.
atherosclerosis, hypertension, asthma, COPD, acute lung injury, heart failure, kidney and

hepatic diseases.

As for kidney disease, for example, both increased oxidative stress and increased acute
20 phese inflammation, considered as nontraditional risk factors, are postulated as to be

important contributors to uremic cardiovascular risk [Himmelfarb, J., Seminars in Diglysis

2008, 17, 449-454{0)]. Oxidative cellular damage occurs frequently in livers with alcoholic

and non-alcoholic fatty liver disease, showing strong correlation of 8-

hydroxydeoxyguanosine and 4-hydroxy-2'-nonenal indices with necro-inflammation [Seki, S.
25 et al, Histopathology 2003, 42, 365-71; Seki, S. et al Hepatol Res. 2005, 33, 132-34].

The concurrent assessment of inflammation- and oxidative stress-related parameters as well
as the determination of the overall metabolic statis of the organism according to the
invention is highly beneficial in respect to diagnosis, treatment, and prognosis of diseases.
30 ideally, a defined and combined set of biomarkers as obtained according to the invention
that cover inflammation, oxidative stress and metabolic aspects of a disease serves as a

valuable diagnostic and prognostic tool in health care.

According to the method for determining the systemic status of inflammation, oxidative
35  siress and metabolic disturbances in a biological sample of the present invention one or
more derivatives of arachidonic acid (eicosanoids), of Hnoleic aeid and/or of
docosahexaenoic acid are detected (hereinafter referred to as the first group of compounds).
Preferably these one or more derivatives of arachidonic acid, linoleic acid and/or

docosahexaenoic acid are detected in parallel from the same sampie.
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The derivatives of arachidonic acid are preferably selected from the group consisting of
arachidonic acid and its metabolites, such as cyclooxygenase-, lipoxygenase- and
cytochrome P450-derived prostanoids, hydroxy-, hydroperoxy- and epoxylated acids and
non-enzymmatic peroxidation products like isoprostanes.

The derivatives of linoleic acid are preferably selected from the group consisting of linoleic
acid and its metabolites, such as lipoxygenase- and cytochrome P450-derived oxidation

products, and non-enzymatic peroxidation products.

10 The derivatives of docosahexaenoic acid preferably are selected from the group consisting of
docosahexaenoic acid and its metabolites, such as lipoxygenase- and cytochrome P450-
 derived docosanoids and non-enzymatic peroxidation products like isoprostanes.

Furthermaore, it is preferable according to the present invention to detect the compounds of
15  the first group, i.e. the one or more derivatives of arachidonic acid. linoleic acid and/or
docosahexaenoic acid, together with one or more parameters of inflammation and/or
oxidative stress from other chemical classes in parallel (hereinafter referred to as the second

group of compounds).

20  These parameters from other chemical classes are, for example, selected from the group
consisting of products of lipid oxidation and/or peroxidation, tyrosine derivatives like NG,-,
Br-, Cl-tyrosine, methionine sulfoxide, ketone bodies, 8-oxo-guanidine and 8-OH gunanosine,
biopterins,  pro-vitamins, vitamins, antioxidants, glutathione, ophthalmate, oxidized
cholesterols and sterois.

25 '
Additienally, it is particularly preferable according to the present invention to detect the one
or more derivatives of arachidonic acid, linoleic acid and/or docosahexaenoic acid (first
group) and the one or more parameiers of inflammation and/or oxidative siress {second
group} together with one or more analytes from other metabolite classes in parallel

30 {(hereinafter referred to as the third group of compounds). These anaiytes from other
metabolite classes are, for example, selected from the group consisting of o-ketoglutarate,
succinate, CoQ,q, methionine, sphingolipids, such as ceramide-1-phosphate, sphingosine-1-

phosphate, sphingomyelins and hydroxylated sphingomyelins.
35 Evenif it is in principle possible according to the present invention to carry out the method

based on any combination of the above compounds {metabolites) of the three groups, the

following combinations 1) -6) as shown below are particularly preferred.
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1) HETEs/HODEs + methionine sulfoxide + methionine

2) arachidonic acid + ceramide-1-phosphate

3} arachidonic acid + oxidised cholesterols/sterols + sphingomyelins
4} prostaglandins + sphingosine-1-phosphate -

5} HETEs/HODEs + B-oxo-guanidine/8-OH-guanosine

6} prostaglandins + NO2-tyrosine

The detection is carried out by measuring one or more metabolite concentrations preferably
using the methods and devices as described in WO 2007/003344 and WO 2007/003343
which applications are both incorporated herein by reference. By using these methods,
wherein the inserts in the microtiter plate alreadv contain the internal standards, it is
possibie to avoid commonly used time coﬁsuming derivatization processes with compiex
work up methods as well as additional solid phase extractions or liguid-liquid exiraction
procedures. Conseguently, the method according to the present invention is less time
consuming and can be carried out in smaller sample volumes. in particular, i is possible
according to the present invention to carry ouf the detection im a sample having a low
volume within a range of from 5 ul to 100 gl and more preferably from 10 4l to 50 ul. Quite
in contrast, the prior art processes require a volume of at least 500 ul. These low sample
volumes used according to the present invention render the method also an ideal
application for smail sample vohwmes, e.g. samples from small animals or studies on
newborns. Apart there from, the limit of detection is almost identical with the limits of
detection of the prior art, even though the sample volume is significantly decreased

according to the present invention.

The biological sample may be obtained from a mammal, preferably from a mouse, a rat, a
guinea pig, a dog, a mini-pig, a primate or a human. Thus, the method according to the

invention is an in vifro method.

The detection according te the preseni invention is based on a quantitative analytical
method commeonly used and known in the prior art, such as chromatography, spectroscopy,
and mass spectrometry. Particularly preferable is mass spectrometry, while the specific
technigue is not particularly limited. Any mass spectrometry may be used according to the
present invention comprising usual mass spectrometry techniques, which combine e.g.
atmospheric pressure ionization modi or MALDI with single or triple quadrupoi-, ion frap-,
TOF or TOF-TOF-detection systems.

The systemic metabolic status may be indicative for various kinds of diseases. Examples of
diseases which may be relevant according to the present invention are various cancer types,
inflammatory diseases such as chronic airway inflammation or atherosclerosis, and
metabollc disorders like diabetes. Furthermore, obstructive Jung disease, inflammatory bowel
disease, cardiac ischemia, glomerulonephritis, macular degeneration and various
neurcdegenerative disorders may be mentioned. The method of the invention is also useful

in detecting the gradual change of oxidative stress e.g. due to therapeutic effects.
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Additionally the invention is also directed to the biemarker for determining a systemic
metabolic status in relation to inflammation and oxidative siress in a biological samplie

itself.

10  The present invention will become more apparent in view of the following examples

specifying particularly preferred embodiments.
Examples
15 Introduction:

Free fatty acid metabolites, such as arachidonic acid and its plethora of downstream
metabolites, all play important roles in many physiological and pathological processes,
including development of different diseases such as various cancer types, diabetes,
20  cardiovascular disease and chronic airway inflammations. In the following experimental
setting, it was the focus to determine prostanoids, hydroxy-. hydroperoxy- and epoxylated
acids and non-enzymatic peroxidation products like isoprostanes, which derived from
cvclooxygenase, lipoxygenase and cytochrome P450 enzyme activity in various biological

sample types.
25
As described in this invention, a rapid method was performed to extract free fatty acid
metabolites from 20 gL of plasma and other biological matrices with subseguent analysis by
HPLC-MS/MS. The low sample volume used in this method makes it also an ideal
application for use in small animal studies.
30
The analytes that have been quantitatively determined are summarized in table 1.
Table 1: List of Analyies
Prostaglanding PGD,, PGE,, PGF,,. 6-keto PGF,,,
Isoprostane 8-iso PGFy,
Leukotrienes LTB,, LTD,
Thromboxane TXB,
Hydroxyeicosatetraenoic acids | 12(S}-HETE, 15(S}-HETE
Epoxy-. bydroperoxy acids B(S)-HpETE, 15(S}-HpETE, 14{15)}-EpETE
Hydroxyoctadecadienoic acids (+-18-HODE, 13{8)-HODE
Fatty acids Arachidonic Acid, Docosahexaenoic Acid
35
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Methods;

To determine free fatiy acid metabolites in various biological materials, a small amount of
5  sample (20uL) was applied onto a filter spot containing siable isotopes for the various
metabolites in a microtiter plate and extracted in agueous methanol without further
derivatization as described in figure 1. Separation of metabolites was done on a RP-HPLC
{Zorbax Eclipse C18, 3.0 x 100 mm, 3.5 gm) column after injection of 20 uL extract using an
Agilent 1100 system {Agilent Technologies) with an HTC PAL autosampler (CTC Analytics).
10  Mobile phase compositions were A: H20O with 0.05 % (v/v} formic acid and B: acetonitriie
with 0.05 % (v/v) formic acid. Flow raie was constant at 500 gL /min, metabolites were
separated by gradient elution. Detection was done by MRM fransitions in negative detection
mode using an API4000Qtrap® eguipped with an ESI source {Applied Biosystems).
Quantification of metabolites was performed with Analyst v.1.4.2 guantitation.
15  Representative chromatograms of a standard mixture are shown in figure 2a and 2b.

Sample preparation:

Plasma preparation was performed in EDTA-coated vials containing 0.001% BHT (butylated
20  hydroxytoluene). Homogenates of brain, bver and prostate tissue were prepared in PBS-
buffer.

Method validation:

.25 The method validation was performed with human plasma. Following internal standards
were used for quantification: 12(S)-HETE-ds, PGEz-d4, PGDz-ds, TXBz-ds, PGFa.-ds, 6-keto
PGFy,-d« and DHA-ds. Linearity of the assay was determined with a 6-point calibration
curve, applying a 1/x weighting factor to the data. Lower limit of quantification (LLOQ} and
limit of detection (LOD) were determined by spiking plasma samples with external standard

30 solution and diluting with PBS to the expected gquantification limit. Linear ranges of

analytes, correlation coefficients and valtues for LLOQ and LOD are listed in table 2.

35
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100.6 15(S)-HETE 14.3 15.1 7.8 31.8 44.5 18.9 184.6 . 232.7 191.4
5(S)-HpETE 35.1 27.6 23.0 55.6 45.8 45.7 45.9 68.6 67.1 15(S)-HpETE 14. 4
13.6 15.9 39.8 36.1 32.2 90.8 81.8 77.2 14(15)-EpETE
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Table 2: Overview of compounds, correlation coefficients, linear ranges, LLOGQ@ and

LOD
Correlation | Linear range LLOQ LOD
Compound | efficient | [nmol/L] [nmol/L] | [nmol/L
(£)9-HODE 0.9985 50 - 5000 50 27
13(s)-HODE 0.9997 1-100 0.4 0.05
12(S}-HETE | 0.9988 5 - 500 2 0.6
15(S}-HETE 0.9992 5 - 500 2 1.3
5{S)-HpETE 0.9987 48 - 4800 143 35
15(S)-BpETE 0.9992 36 - 3600 14 8
14{15)-EpETE 0.9976 50 - 5000 10 3
LTB4 0.9992 5 - 500 10 0.26
LTDa 0.9991 12 - 1200 7 5.5
PGDy 0.9994 5 - 500 1 1.0
PGE2 0.9991 5 - 500 0.75 0.65
PGF2, 0.9994 5 - 500 4 1.2
8-is0 PGF2, 0.9995 5 - 500 4 3.6
6-keto PGFy, 0.9981 50 - 5000 - 5 3.8
TXB: 0.9998 5 - 500 3 1.6
A 0.9976 388 - 38800 233 188
DHA 0.9990 200 - 20000 20 17

Intraday and interday reproducibilities were determined by replicate injections (n = 5) of
plasma spiked at three concentrations over six consecutive days. Assay accuracies were
calculated by comparing mean concenirations to the true values of the analytes (n= 5).
Average coefficients of variance (CV) for intraday and interday precision and accuracy of

10 each compound are shown in table 3.
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Table 3: coefficients of variapce {CV} of intraday and interday reproducibility, and
accuracies of fatty acid metabolites in spiked plasma samples

repi‘r;gigfg;]ity repigfég?tﬁlity Accura_lcy (%]

CV[%],n=5 CV [%],n=6 D=5
Compound low | medium | high | low |medium | high low | medium | high
{(£)9-HODE 5.4 3.8 7.1 12.6 11.0 8.0 78.2 884 | 823
13({5)}-HODE 6.0 7.8 5.9 9.8 10.4 8.8 94.9 91.5 84.4
12(S)-HETE 5.3 8.7 7.3 7.5 10.2 9.0 | 103.5} 112.5 | 100.6

15(S)-HETE 14.3 15.1 7.8 1 318 44.5 18.9 | 184.6 | 232.7 191.4

5(S)-HpETE 35.1| 27.6 | 23.0 |556| 458 | 457 | 459 | 686 | 67.1

15(S)}-HpETE | 14.4 | 136 | 159 |39.8| 361 | 322 | 90.8 | 81.8 | 77.2

14{15)-EpETE | 6.4 7.1 8.2 9.9 11.9 12.0 | 71.1 126.0 } 1164
LTB, 10.0 7.6 7.8 10.1 11.6 9.7 61.4 98.1 86.6
LTDs 6.0 7.4 7.2 7.8 8.9 7.2 79.8 139.8 | 125.1
PGD2 3.9 4:1 6.2 5.3 5.7 6.5 109.1 ] 124.8 | 113.0
PGE-2 2.4 4.7 5.6 >.4 5.7 6.5 113.0] 116.5 111.3
PGFa, 9.0 7.0 8.1 9.4 10.5 9.7 1346, 121.9 107.1
8-iso PGF2, 7.5 9.6 5.8 12.6 il1.6 10.6 | 156.3 | 114.0 | 100.8
6-keto PGFy, 3.7 4.7 5.7 7.3 7.3 7.7 71.4 121.6 | 107.8
TXB2 7.1 5.6 4.6 104 | 9.0 64 | 89.2 117.6 | 96.8
AA 12.8 9.8 11,7 | 13.6 13.0 i6.3 | 32.0 73.3 85.1
DHA 4.3 6.0 5.1 9.6 8.1 9.3 86.0 103.5 97.3

"3 The validation procedure exhibited following values:
* Lower limits of quantification were all 0.4 — 50 nmol/L except for 5(S}-HpETE (LLOQ
= 143 nmol/L) and AA {(LLOQ = 233 nmol/L}
« Typical assay range in plasma is 1 — 500 nmol/L for prostanocids and hydroxylated
fatty acid metabolites
10 * Coefficient of variation (CV) for intraday and interday precision, and accuracy at
three concentrations was determined.

* Recoveries were found between 70-120% depending on the metabolite.

The method described was applied to plasma, sera, liver, brain and prostate homogenates.

15  Free fatty acid metabolites could be identified and quantified without need for any

-10-
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derivatization or evaporation steps. Figures 3a, b, ¢, and d show the TICs of oxidized fatty
acid metabolites extracted from human serum, brain homogenate, liver homogenate

fmurine) and prostate tissue (human), respectively.

Test cases of disease states show an increase of free fatty acids, prostaglandins and
hydroxylated species in conjunction with pulmonary inflammations, prostate cancer and
cardiovascular disease. As an example the method was applied to a nephrotoxicity model
since the oxidative modification of low density lipoproteins {LDDL) including oxidation of
arachidonic acid is evidence of oxidative stress and inflammatory processes in kidney
degeneration:

Plasma samples obtained from 4 groups of rats receiving different dosages of puromyecin
were analyzed. Increased cyclooxygenase and lipoxygenase activity was observed as shewn
in figure 4.

Detection of eicosanoids together with oxidative stress parameters in parallel:
Detection of compounds from different metabolite classes in paraliel was performed in two
different ways, depending on the chromatographic characteristics of the metabolite classes:
1) Same exiraction from sample and detection in one LC-MS/MS run
2) Same exiraction from sample and detection in different LC-MS/MS runs
Three examples will be described.
ad 1) Methionine (Met}, methioninesulfoxide (Met{O})
Figure 5 shows a chromategraphic separation of Met, Met(O), D;-Met and 8 prostaglandins
{PGD,, PGE,, PGF,, 8-isv PGF,,, 6-keto PGF,, and TXB,). P;-Met was used as internmal
standard for Met and Met(O}. Standard solutions of Met, Met(O}, Dg-Met (c = 50 uM for all}

. and PGs (c = 1 gM for all) were exiracted in parallel as described above and injected into the

LC-MS/MS system. Detection of Met, Met{(} and D3-Met was achieved in positive ion mode,
after t = 3 min data acquisition was switched to negative mode to detect the prostanoids.

o-Ketoglutarate, succinate

Figure 6 shows a chromatographic separation of o-ketogiutarate, succinate and 6 PGs.
Concentrations of a-ketoglutarate and succinate were 100 uM, concentrations of PGs ¢ = 1
uM. Analytes were extracted in parallel as described above and injected into the LC-MS/MS

system. Detection was performed in negative ion mode.

ad 2) 4-Hvdroxynonenal {4-HNE)
Figure 7 shows a chromatographic separation of 4-HNE and the internal standard 4-HNE-d,
with concentrations of 16 uM. 4-HNE, 4-HNE-d,; and 6 PGs were extracted as described

above and injected into the LC-MS/MS system. Detection was performed in positive ion
mode. Due to the chromatographic characteristics of 4-HNE {elution at high organic content
— 20% MeOl} - in mobile phase at t = 1.1 min}, extraction of 4-HNE and eicosanoids is
performed in parallel, however defection has to be performed in two different LC-MS/MS

Tumns.

-11-
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Brief Description of Figures

Figurel. Scheme of extraction process: application of sample on insert in microtiter plate,
5  extraction with agueous methanol (MeOH), centrifugation, analysis by LC-MS/MS without
dertvatization and solid phase extraction.

Figure 2a and 2b. Chromatographic separation of an external standard mixture of free faity
acids, prostanoids, isoprostanes and LOX- and Cytochrom P 450- derived fatty acid
10 metabolites.

Figure 3a, 3b, 3c and 3d. Detection of various eicosanoids and fatty acid derivatives in a
selection of biological samples (as indicated).

15  Figure 4a, 45, 4c and 4d. Effect of different puromycin dosages in rats. The concentrations
of 4 different eicosanoids (as indicated) in rat plasma samples have been determined and
normalized.

Fignre 5. Standard separation of Met, D;-Met, Met{O) (¢ = 50 uM) and 6 PGs [c = 1 uM),

20  exiracted with 85% MeOH, in a single LC-MS/MS run. Column: Zorbax Eclipse XDB C18,
' 100 x 3 mm, 3.5 yum. Mobile phases: A = H20, 0.2% formic acid, B = ACN, 0.05% formic
acid; gradient elution, flow = 500 uL/min, injection volume = 20 gL. Positive ionization mode

t = 0 — 3.0 min, negative ionization mode t = 3.0 - 9 min.

25 VFigure 6. Standard separation of a-ketoglutarate, succinate {¢ = 100 gM) and 6
Prostaglandins {c = 1 pgM), exiracted with 85% MeOH, in one single LC-MS/MS run.
Column: Zorbax Eclipse XDB C18, 100 x 3 mm, 3.5 um. Mobile phases: A = 95/5
H2O/ACN, 15 mM NH4Ac, pH = 5.2; B = 95/5 ACN/H20, 15 mM NH4Ac, pH = 5.2; gradient
elution, flow = 500 uL/min, injection volume = 20 uL, negative acquisition.

30
Figure 7. Standard separation of 4-HNE and 4-HNE-d; {c = 16 uM), extracted with 85%
MeOH. Column: Zorbax Eclipse XDB C18, 100 x 3 mm, 3.5 yum. Mobile phases: A = H,0,
0.05% formic acid; B = MeOH, 0.05% formic acid; isccratic elution, 10% A; flow = 500
¢/ min, injection volume = 20 uL, positive ionization mode.

35

Industrial Applicability

The present invention provides for an improved method for determining the systemic
metabolic status in relation to inflammation and oxidative stress in a biclogical sample. This
40  method is highly sensitive and allows for the detection of only slight changes in the systemic
metabolic status. The method comprises the detection and guantification of one or more
derivatives of arachidonic acid (eicosanoids), of linsleic acid and/or of docosahexaenoic acid
{docosanoids). Preferably one or more oxidative stress parameters are detected and

quantified in parallel in order to further increase the sensitivity of the method and the
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32.0 75.3.85.1 DHA 4.3 6.0 5.1 9.6 8.1 9.3 86.0 103.5 97.3 5 The
val i dati on procedure exhibited follow ng values: Lower limts of"
gquantification were all 0.4 - 50 nnol/L except for 5(S)-HpETE (LLOQ = 143

nnol / L) ?ﬁgfz%ﬂg&%m = 233 nnol /L) Typical assay rangg,&;k&%ﬂ%@g@ﬂ s 1-

500 nnol or 'prostanoi ds and hydroxylated fatty aci
10Coefficient of varjation ( for i Nt rada and interday precisio and
accur aGyRlfy ¥nibee gtk otfter St "ﬁﬁoby RGO e SeiGRE f"i‘)‘imd

bet weenuZGiffiff ¥nd e endicngnadyics ﬁ@ﬂmetlﬁbcmttl@me classeFHa peehddThesdribed was
appl i egaﬁt@umlgmmaﬁéﬁbodmyﬂrof the pleReNEveRHOS tiRke e G Bahpsundd 2t ee

fatty - u . ed for
any.  vErSOEB AT R Bl GulioRlebly =GR o %%%%’*t%%ﬂwo%% %%t eps.

Fi gir eéhesraethﬁd (Rssay yHthyresRERl 1t e PYELRiGIRToUr e gt & il taﬂ ﬁ%%fa%bfr ites
ext r ac raatidurto nnflrumeationemd roxdsiativansttessogenat e, | i ver honogenate (nurine) and
prostate tissue (human) respectlvely 5 Test cases of disease states show
D noRRS tne i GF LA ACLASRLASLAMLANT L%, RY My o0 AL ed.sReEi oS T
car di owsshalige 7 g@a@emﬂ%@“’&ﬁc’%)?é‘ﬁ"p?’%d%qﬁ’é SHEth Y 2\Riglogisy| Fa8rpls- TS is

neplir oheseksiry iv mpaled 5icooprétivesioxi datuatien ndiiel cptteron ofetdimlic degngist y

l'i popr &e{cﬂﬁﬂglﬁma Ipapﬁdgslbﬁgiﬁeeehdaxtm,@ghogﬁcsamam&mn@gé & bxe@¥hdpace of

OXi datl vgﬁ% ss a| ned G, 49@4 progesses . in. léu ne)émji rblae?gener atil on:

Pl asma ™% olps of Fatorecer virng Er&h Whsages
of puré?WElFHOWei arEPyzEdtely Aiereased cycl ooxygenase and |ipoxygenase
activity was observed as shown In figure 4. 15 Detection of eicosanoids

comour R R e o AR
A A e o T S A R S i o A R E

t he nep@ﬁ@wtiv@u@gd@sw inflammatory bowe)) dishase caxdiacdeqhieara falaparyienprhsitisnd
det ect iBuland@RRerbiorVidiariou 8 neurodegenerativedisdraere. Tiel bbbl amhfeﬁmamrpl e

Goo ekegld Q%ﬂlgﬂq‘eie%t?%%??%eéf‘w& L”@:%"Z Hhetcti? ?‘Sﬁ*’%‘m's%é“ sig. 288 Eiure 5
P Begineiia Ehetn e, tamrion paduhe (B (e oS

pr ost agﬂﬁgim;ﬁ tpels in numerous medical fields, both in diagnosis and therapy.
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(PAE2, PCE2, PGF2a, 8-iso PGFZ, 6-keto PGFin and TXB2). D3-Met was used as
internal standard for Met and Met(0). Standard solutions of Met, Met(0),
133-Met (¢ = 50 pMfor all) 25 and PGs (¢ =1 ItMfor all) were extracted
in parall glaime described above and injected into the LG MS/ M5 system
Detection_of Met, Met(0) and D3-Met was achieved in positive ion npde,
after t =13 mi nAd&Sc i sTHTBI RS SKFPRKe P50 e g i e Mo PY Yet ect
t he prost aRghAgtord af@b0gkidiar afefs ShICL bidRlpRaFEGbHE Rhish Wipdises detection
chromat ogr aphi ¢c_separ.ati on_of a-ketoglutarate, succinate and 6 PGCs. 30
Concent r addgwantgcatonip pyglidithr at e and succinate were 100 pM

concent r agj ons o or B3pe Gerivatives of ardVRkcl-@SidEERadKdsy,act ed in parallel as
descri bed above and injected into the LG MS/MS system Detection was
per f or med(n newrmeEe depiyatissiel lingleiogeidiandy gr oxvnonenal (4-HNE) 35 Figure
7 shows aghr opRe R HAPRrvahRPaf RcbARe@bndic SN tabEertviig | Nt ernal standard
4- HNE-d3 wth concentrations of 16 pM 4-HNE, 4-HNE-d3 and 6 PGs were
extract edi¥s derscPi BYeE Shgeeatisss ARerels sorcldt ham e BERECSyEeny

Det ect i on was. RerLREMRA NO)., BRSEILY¥8nd, ARHTAGE sulfe, iobd Wde k@t ogr aphi ¢
characterrstics of 4-FINE (elution at high organic content - 90% MeOH - in

mobi | e pheuswidige apd $-O guagpsiye. Biopresiasi 5wV IAmIRS FIHpns #atiaideglBietiones 40
per f or nedydpfhaRfiabliglsed HRWENLRLs ABLREJY, aRd Ras to be perforned in two
different LG MS/ M5 runs. WD 2008/ 145384PCT/ EP2008/ 004323 Bri ef

Descri pti G of om gurede angiviss fEpm dhere mstaBelite classes 1 Selshtcp r puasle group

appl i cat i QisifingS AP h&e@BIutRSE" budeatdl CCED ! HetitbrMee, sphin@¥lifi@Ct duan M th
aqueous mnet hano fMEOF%; centri fugatl on, analysis by LG M5/ M5 without
der i vat i zenRhWgosipril-8bnsplents, FRivrgoay et Sydroxylatyd splyingomyeling g 2p.

Chr omat ogr aphi ¢ separation of an external standard mi xture of free fatty
aci ds, prostanoids, isoprostanes and LOX- and Cytochrom P. 450- der.ived

fatty aci & 10retaBsfiodegooqdipgr & 34,9188, Isc “AFIT3dhe DFETP oS o_Fa”U%@ri ous
ei cosanoi gs pdMlafiihl ¥ndGinkbrel RElaBaitt ¥GRedthhtiBnsS €l ection of bi ol ogi cal

sanples (as indicated). 15 Figure 4a, 4b, 4c and 4d. Effect of different
puronyci n dosages in rats. The concentrations of 4 different eicosanoids

(as indicat ed)rph hetidl alloRBAB0S ARl £SaAY elaheenvidphiemhaidnedioand et | zed.
Figure 5. Standard separation of Mt, D3-Met I\/bté 0 éﬁ = 50*%\%9 @qr:d 6
PGs (c = i aepleipviagerabimeditin nrapsosiNEnml 1 19 1ok pivirebly froms e 10

Col um: Zgr&%&&&b&m&%% 1tol§Pux 3 nun 3 5 ym Mobile phases: A =
1120, 0.2% formc acid, B = ACN, 0.05% form c acid; gradient elution, flow
= 500 yL/mn, injection volume = 20 yL. Positive ionization nodet = 0 -
3.0 min, pegatiyEmitRtd %84rHRE dBFnt oFcidinl 1-to 9, WhoReir fhe Kibgition ifcarRidandar d
separation_of a-ketoglutarate succinate (c = 100 yM Cfnd 6 Prosh&g&landi ns
(c = 1 /. Pifpout @Ry r bl F2RPIEH PEBIANAID HTOFHEhe W df e JEBYIBMHE r Bh. 1ol umn:;
Zor bax Eclj.ps8liChi/ &l uidlﬁtglid(ox%onmpha%e Ext@tionMP el etploBees: A = 95/5

H20/ ACN, 16 nmM NH4Ac, pH = 5.2; B = 95/5 ACN H20, 15 mM NH4Ac, pH = 5. 2;
gradient elution, flow = 500 JuL/mn, injection volune = 20 yL, negative
acqui sitign. 3 Gictlot QcdordiDt BNSAY heSTRAMIAL 1t @8 4 0fvhedeilNE B1BIgidal HNEPIE3s (C - =
16 yM, extracted with 85% MeOH, %lleurm- Zorbax Eclipse XDB C18, 100 x 3
ram 3.5 abingbBppe pHABEspregrably from 2 HOwss b AR figge g8 2 TRPRE . 05%
formc acbﬂmaﬁgpgﬁﬁﬁéng elution, 10% A; flow = 500 yL/m n, injection volune
= 20 yL, positive ionization node. 35 Industrial Applicability The present
i nvention provides for an inproved nmethod for determining the systemc

met abol i cgSt atiys niehod @kakding td hyi dik lodoEBh DB BRGeRK Balibi@iostis BSEd b a

bi ol ogi cal sanple This 40 nethad is highly sensitive and allows_ for the
det ect i on@ofuaBHEgves epjHical iasRpds Nrefehl SYOPERFEPYe RENIOPOPEt AP 485 he
met hod CogRLir&RSn, RRrdgbRablyORNAAE chtbaitdetdpBatdndiisef GONEE,JLC,MHIIL, and
derivatives of arachi donic aci ﬁ}é‘?j c sangb\&ﬁ{, of linoleie acid and/or of
docosahex&8hbi EPSEPHORIERYESFO 1, y AWE2SS SPHEPECEY CHEPTGR
stress pagaAPtRLsS Hebrd@ieCkREnigind, qMaet | Jomdbhel Bnfoaghatit epredstiredsrdRkion O

f2 (l; {)t8 ?_525 |3 g;%tp%?;reéﬁégg% i%g:i%%%g IOJI[' %‘ip?tt, q;[Jde?uprgF-E P o%dtra%f] dl“(Sl-h gr TéQP-TOF—detection
systems.
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quality of the results. The nethod is further inproved by additionally
detecting and quantifying one or nore analytes fromother netabolite
classes in parallel. Thus, in a particularly preferred enbodi mrent of the
present invention thr ee groups of corrpounds are detected and quantified in
par al | el ich by ' 12l Re! ddda®fes DFt he
nmet hod (a\gz‘ay) \?\AL% ?{Iggr’rg% Xlﬁ%uﬁ z)ﬁés]t%gn‘:la‘é&lgr% t‘gtr)lglvlpc status of gs_

bi ol ogi cal aradtidane Beid raé atlegrd tfom rthd avpt casistingd obxiadhidene agidr els its Thus,

t he met hod de rlbed |n esen b ows Liheq B@Itﬂlee

det er ni nat 63 E&Fes YV£ e“sllcgleel%lgrt1 St v% ﬁt} ?acn?féﬁ tion an gl%gdatl Ve Stress
in a biol ogmnsﬂhngaxfrplnmlelél' hicgl iagd 11 rreﬁdmi;‘@s,y atdjore vdibfedn ghec glepivasiiensifve

oyl on, 06 SACCRISLAILE TR AR eSS RO G AL kg Pose

gnos I'CS. vant ag ased on t act that
t he procedmembdlas. both high sensitivity and selectivity, and needs a very
| ow sanpl e volune, i.e. approximately 20 /./L. 15 Potential therapeutic

targets to be screened according to the method of the invention include a
br oad specB rum Fhe methad acediingab acprook of daiss duel, a*berviaﬁﬁlwstemype@ah@ﬂw

cancers, bet es.. obstruct.ive | Lung, £ L S: L Rf Y R (o1 ase
cardi ac i sﬁt%@?nls nEAIVE R GHE AT & %F'facui arat%‘ggdésggeggg%‘%gr? > aR(\gﬁ\?éirl 0
neurodegenmﬂahnmﬂombrsmerﬂmlemsxéﬂamdmemmmdisbrdtﬂhélke digleetasi on i s al so useful in
detecting the gradual change of the system c netabolic status, e.g. due to
20 therapeutic effects. Thus, the nethod and the kit for carrying out the
met hod ar e¢hi ghlAkiebhipdsiens dévire|vehidhnlemgerenmauisesime pompre fweds sl onp ot Thoten

di agnosi s and thera r j .

met abol i ¢ ¥4 u”%lpre r edlm% o toneﬁ}t{%&m%ﬁ%% Whg@ngt?glggisggas@e d:f%gfée

bi ol ogi cal oaa]mhahomc@ﬁungmmoa@sfcﬂheMQd:tq Hn and quantification in

paral l el of one or nore derivatives of arachidcnic acid (eicosanoids),

(ii) one or nore derivatives of linoleic acid and (iii) one or nore
derivativeso.of dobuasakiexaonacieermiving, atogeniemewbolr s@fuy)inoredation or e

oxi dative stress.par ters. sel ecte ting of tyrosine
deri vat i ve§" TR 3“%@%'@ ldés[w&ﬁtr YT agﬂ‘%lgg kS %ﬁﬂ%ﬁﬁlﬁg Cgﬁﬂ?ggil de, ketone

bodi es, 8- Gixogummioe diawds&"am&dhgmnesdfﬂ@cosampdp)t erins, pre-vitam ns,

vitam ns, ti oxi dants on ht hal mat e, oxi di sed chol esterol s
and sterol qo&%armmfﬁeﬁv(agyeso mo}?l %%%%anal ytes fromother netabolite

cl asses seI(m}:cbr&dnhronerﬂetﬂv:mvgsr@?Ldpcczsaimsaeslmcmgld@dgelhemlngI utarate, succinate,
CoQw, net hi.opi ne hi n i ds S

sphi ngorryel( ﬂs eatr)lrd re r’%‘% ll"é(;tgtmc?S g%ﬁﬁlﬁﬁgnsfep@%s%% %{bg%éuﬁe&ﬂaﬁﬁgccor di ng
toclaim1, tymbml‘eedenvdtives HleetNOi - B, Chtyeasinei methpoine yifoxslaskatinegpodie or nore
met abol i te concent atl ?éi Q To] s IMeToRE® }1 [t Jndﬁaﬂ [or claim
2, wherein t"ﬁega‘“& |§rr;g i'sccar rgllnggﬁ%gﬁgmgﬁ)?a 1sarrpl’e avS?ng a2 vol’ume wit hin
a range of gfutathiork, ophﬂtabnale mkxmspd@fobsﬁbﬂ%ﬁnﬂst@m35m@w1ﬂb 100 gl and nore
preferablyfromlo 0 an e of
clains 1 t(g)3 V\?{erel Nt ah’? %cﬁegﬂﬁ?té%%%rgl e %:ijetg{e\?mgﬂ%l}t r?ypusual

sanpl e pr eparsatibgiof ml@mgliltmﬂs, swchata$Cofler imedtionizet ispingsfipidhesupietaabol i t es
and/orllqwdll ui, d, or 0|d e abolites. 5. The
met hod acc&?}}f?%’gg ll_phos ha R %gﬁlﬁgsaﬁ%%&é'?aqﬁgh%b e bi ol ogi cal
sanpl e is obtained froma mam"ral preferably froma nouse, a rat, a guinea
pig, a dog, L nRb, 6 drbhehdhng to
any one of 14 aer]r:F:is]‘ Pi% O Kﬂra\ﬁﬁrdmétto CI?'Le det'ec |t}5endei£2&g§§é€}gon a 1quan?llget ative
anal yti cal sétaitéibﬁpmphe@relpaiohcystmg obarathidpnizphiy ané fewttrladicsmpd/ onwberan dby

spect rorret erab st nd &£ LC
HPLC  and Vétlves ofH nofeic amcl ¥re seﬁacr:tf%g grg&&%@éuﬁg{gﬁﬁﬁﬁg%%@B et Sizid amd |

spect r omet m;etabo]ntpa* lau;dé& M&ufarh thn'alssw@p@dtfrdomaheyam@e lagid q:ulesselevtbd drene ditebi ne

at nospheric_pressure ioniza M%k h single or triple
quadr upol - OD 0{1§1stmg09<1:685 aﬁ"tﬁgpg%i a%et ection s%/stems 7. The met hod

accordi ng to any one of clalns 1 to 6, wherein the derivatives of
arachidonic acid are selected fromthe group consisting of arachidonic
acid and its netabolites, and/or wherein the derivatives of linoleic acid
are selected fromthe group consisting of linoleic acid and its

nmet abolites, and/or wherein the derivatives of docosahexaenoic acid are
selected fromthe group consisting of> docosahexaenoic acid and its

nmet abolites. 8. The nmethod according to any one of clains 1 to 7, wherein
the system c netabolic




status is indicative for various cancer types, inflammatory di seases such
as chronic airway inflammtion or atherosclerosis, and netabolic disorders
| i ke diabetes. 9. A kit conprising a device which device conprises one or
nmore wel |'s and one or nore inserts inpregnated with at | east one internal
st andard, er, the kit | d fo cagryi t t.he.nmet hod accordin
to any or}g of @Far}il%aﬂier &Y mfOI%A “ba‘%’miﬁff’( %’cﬂ e?llejzlf mhr?lreﬁnn%e S%tefn i °
net abol i enesdbalicissatus is inididatitd fom&maoarioleﬂmmtmﬁnmmﬂﬂj direagx suzth'as oheon®t r ess | n a
bi ol ogi cal rlvatlves of
arach?doﬁ?@mﬁgﬁﬂm?gr@ §§W8?%§?DmfFWi&g%gﬂggm %9 PPB%%IVES of linoleic
acid and (iii) one or nore derivatives of docosahexaenoic acid together
with (iv) one or nore oxidative stress paraneters selected fromthe group
consisting of tyrosine derivatives |like NO2-, Br-, C-tyrosine, nethionine
sul f oxi de, ketone bodi es, 8-oxo-guani dine and 8- 0H guanosi ne, bi opterins,
pro-vitam ns, vitam ns, antioxidants, glutathione, ophthal mate, oxidi sed
chol esterols and sterols, and with (v) one or nore anal ytes from ot her
met abolite classes selected fromthe group consisting of a-ketoglutarate,
succi nate CoQ o, nethioni ne, sphingolipids, such as

sphi ngosi ne- | - phosphat e, sphingornyelins and hydroxyl ated sphi ngonyel i ns.
11. The bi omarker according to claim 10, wherein the derivatives of
arachidonic acid are selected fromthe group consisting of arachidonic
acid and its netabolites, and/or wherein the derivatives of linoleic acid
are selected fromthe group consisting of linoleic acid and its

met abolites, and/or wherein the derivatives of docosall exaenoic acid are
selected fromthe group consisting of docosahexaenoic acid and its

met abolites. 12. The bi omarker according to claim 10 and/or claim 11,
wherein the systemc netabolic status is indicative for various cancer
types, inflammtory di seases such as chronic airway inflamrmation or

at heroscl erosi s, and netabolic disorders |ike diabetes.
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