WO 2011/ 029854PCT/ EP2010/ 063194 1 13C- MR DETECTI ON USI NG HYPERPOLARI SED
13CG-FRUCTOSE The invention relates to a nethod of 13C-MR detection using
an i magi ngorediopgseonpri si ng hyperpol ari sed 13C fruct osecamP2610/083194 Nagi ng
medi um cont ai ni ng 5Shyper pol ari sed 13C-fructose for use in said nmethod.
Magnetic resonance (MR) imaging (MRI) is a technique that has becone
particul arly attractizeMROOEIEZSION OSENG Y PERAGBARIHEDAl WA FRECMOSELOdY or parts
t hereof can be obtained in a non-invasive way and w t hout exposing the
patient and the nedical personnel to 10 potentially harnful radiation such
as X-rays. Bdhatsentibnirtiatehitgh metabi tof '1CrR slcantog osidg spaitiagingamdditenpor al
resolution, MRl i.s a favourable j i ng technique.for. inmagi.ng soft. tissue
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However, §onttashsladied@POaRREHA: MRlusH fH@lid eddgbl es the detection of much
smal | er tissué changes which nmakes it a powerful tool for the detection of

early stage tissue changes like for instance small tunoburs or netastases.
Several types,of contrast ts hav en ysed.in M. Water-sol ubl
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their [ow nolecular weight they rapidly distribute into the extracellular
space (i.e. thenphovdsyadvayiadivithopseinosing)thopatisntend the sradrcatipérparsict toe

vascul at ype. [ les0.. G relatjve I api fromt.he 25
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super par amagebd Gpatiad AndxtwporaRFdsb hkies, MRIEisr£ tabt@blewnidping tdokniyas e at ur e
for a prolonged tinme, They have proven to be extrenely useful to enhance
contrast in tHaging yeff tibiye and 8y detect capillary perneability
abnormalities, e.g. "leaky" capillary walls in tunours which 30are a result
of tunour angi ogenesis. WO A-99/ 35508 di scl oses a nethod of M

i nvesti gati oMRF nmypst caried o8t mithaor without MR contrast agents. However, contrast-

15  enhanced MRI usually enables the detection of much smaller tissue changes which
makes it a powerful tool for the detection of early stage tissue changes like for

instance small tumours or metastases.

Several types of contrast agents have been used in MRI. Water-soluble paramagnetic
20  metal chelates, for instance gadolinium chelates like Omniscan'™ (GE Healthcare)
are widely used MR contrast agents. Because of their low molecular weight they
rapidly distribute into the extracellular space (i.e. the blood and the interstitium)
when administered into the vasculature. They are also cleared relatively rapidly from
the body.
25
Blood pool MR contrast agents on the other hand, for instance superparamagnetic
iron oxide particles, are retained within the vasculature for a prolonged time. They
have proven to be extremely useful to enhance contrast in the liver but also to detect
capillary permeability abnormalities, e.g. “leaky” capillary walls in tumours which

30  are aresult of tumour angiogenesis.

WO-A-99/35508 discloses a method of MR investigation of a patient using a
hyperpolarised solution of a high T; agent as MRI contrast agent. The term

“hyperpolarisation” means enhancing the nuclear polarisation of NMR active nuclei



hyper pol ari sed solution of a high Tl agent as MRl contrast agent. The term
“hyper pol ari sati on” means enhancing the nuclear polarisation of NWR active
nucl ei  WO00201110209854PCT/ EP2010/ 063194 2 present in thechmepkoidbecagent ,

i.e. nuclei with non-zero nuclear spin, preferably 13C or 15N nucl ei . Upon

enhanci ng the nucl.e pol ari sati.on of NMVR active nugl ei, the popuylk ati on
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hyper pol ari sed high Tl agents is that I'n the fornmer changes in 10 contrast

are caused bygefts él@m rigllt bre cpsshiagd it n@nlntenrfqreeslcoffrwvat@pkgmwbrsgnah tlshéh@body
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WO A- 99/ 35508, i ncludi ng non-endogenous and endogenous conpounds. As

exanpl es of ©BEs ad dhesg dvwernodrined dughn Tnaeerip 1mstaiin| the f@smqre@aag@ in
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in vivo inmaging ormatlono tatus
of a tissue mh)erdae mbﬂatdnemsanﬂa@atsdcamrﬁeaegaded)as nayradaaciivistraseese abeheused
to discrimnate tween heal thy and 20di seased tissue. Pyruvate for

i nstance is élgé‘ét‘)?géﬂﬂ?f{]%rﬁﬁt S%Plé(f‘éor’éthﬁ&géntr nthe citric acid cycle and the
conversion of hyperpol ari sed 13C-pyruvate to its netabolites hyperpol ari sed
13C lactate, hyperpol ari sed 13C- bi carbonate and hyperpol ari sed 13C- al ani ne
can be used 26vdrmty phpessibde h@hsTllKgﬁhtsﬁooﬁsthBOMagi@ztgee@sa@s disnlosdreinhuman

body. Hy rp P ate ma i nstance be used as an MR j nagi ng
coent 1S PUBASBRSSHC PHRL "o doRinayis o GBS e dEr B0 601 S a1
and for asse%§arﬁﬂ1et beth¥ilaRi hitbimciatddiaeardhidhethbIRUS cRY aMinbAtRELM & hash
described in detail in WO A-2006/054903. 30The netabolic conversion of

hyper pol ari setr $8¢-tpybapeaterred fon ynageng oitgbodg activity. By in vivo imaging of

metabolic activity, information of the metabolic status of a tissue may be obtained
and said information may for instance be used to discriminate between healthy and

20  diseased tissue.

Pyruvate for instance is a compound that plays a role in the citric acid cycle and the
conversion of hyperpolarised *C-pyruvate to its metabolites hyperpolarised *C-
lactate, hyperpolarised '*C-bicarbonate and hyperpolarised '*C-alanine can be used
25  for in vivo MR studying of metabolic processes in the human body. Hyperpolarised
BC-pyruvate may for instance be used as an MR imaging agent for in vivo tumour
imaging as described in detail in WO-A-2006/011810 and for assessing the viability
of myocardial tissue by MR imaging as described in detail in WO-A-2006/054903.

30 The metabolic conversion of hyperpolarised *C-pyruvate to its metabolites
hyperpolarised "*C-lactate, hyperpolarised '*C-bicarbonate and hyperpolarised *C-
alanine can be used for in vivo MR study of metabolic processes in the human body
since said conversion has been found to be fast enough to allow signal detection

from the parent compound, i.e. hyperpolarised '*Ci-pyruvate, and its metabolites.



hyper pol ari sed 13C-| actate, hyperpol ari sed 13C- bi carbonate and

hyper pol ari sed 13Cal ani ne can be used for in vivo MR study of netabolic

pr ocesseswonotiessaman body since said conversi on has beem/Hroundeiios be fast
enough to allow signal detection fromtheg parent conpound, i.e.
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30  of glycolysis, in which glucose is phosphorylated to glycose-6-phosphate. The

metabolic flux to fructose-6-phosphate in the cell is related to the downstream
glycolytic metabolic events as well as activity of the pentose phosphate pathway
(PPP). The PPP is responsible for the predominant amount of nucleotide synthesis,

which is increased at high turnover rates, and has been postulated to be the source of



10 breast tissue. A relationship between fructose and beni gn cancer tissue
in prostate gl and has al so been shown. Thus, by using hyperpol ari sed
13C-fructweeon2e854i magi ng agent, netabolic activity carchErPasismsred, and
as there are different uptake nechanisns ,for fructose than for known
hyper pol ari zed 13C- MR i magi.ng agents, such as for 13C pyruvate, additional
met abol i ¢ i nfeHCRER!iR omfgla '91015& NS CARdMAEHRE fg%fﬁ gnore epistaat tor @Xlgﬁa\fﬂ ed.
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usi ng an i magi ng nmedi um conpri si ng hyperpol ari sed 13C-fructose. 20 The term
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13C-fructose as the MR acti.ve agent, i.e. magi ng agent. The i.magi ng nmedi um
according t o PRREERYRR BRONRY VS YSesicds FriRergn e Bmmehoglized fodof
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medi um conpri si ng hyperpol ari sed 13C-fructose for use in a nethod of '3C M
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poi nts. Fructghse, hasi hlso nimdea cshloam. fliusulbg @ikl 29Ferpd Brisdds &' Gauttest as an

D- ar abi no- hexul ose, fruit sugar, beta-levul ose and Levul ose. Fructose is
a very sweet B3gAa8 as@&umﬁaﬁghq At PaR rbaia@%e,SS%@%f afhere %rﬁdilfﬁﬁﬁ%yu%ﬂ@ is

used as a pres@hMAbhY forf MlichQOdRhUbE kﬁ&%a}ﬁzpu olaBZER VRIS 1Y i?%??&ts’ _

Fructose is a nonosaccharide wth a ketone cti1onal group. ose is an
i somer of gl yedss. fori€npytiresaladditional methlbrlicanforimatiromag be iohgirdrandtngwe s
simlar ig] gl ulglos? whi ch b?r classified as cyclic hem ketals. Fructose has
two 10 héhi k@PRICAIQRyP §ha 5-menbered ring called fructofuranose and the
6- menbered ring called fructopyranose, the pyranose form being the nobst
stabl e isoner. Both forns are shown below. Fructose js a comercially

avai | abl e corfposnia a fEstaspess éhd igvendion previflestomethatd @ AnlIRudétpgfion using an

hyper pol ari sed, L3¢ LGS 858pAn Ry JTRA%a 248 cloR 2dvant ageous from a
safety perspec?gv%.

20 The term “imaging medium” denotes a liquid composition comprising
hyperpolarised '*C-fructose as the MR active agent, i.e. imaging agent. The imaging
medium according to the invention may be used as imaging medium in a method of
BC-MR detection. Hence, another aspect of the invention is an imaging medium
comprising hyperpolarised *C-fructose for use in a method of *C-MR detection.

25
The imaging medium used in the method of the invention may be used as an imaging
medium for in vivo *C-MR detection, i.c. in living human or non-human animal
beings. Further, the imaging medium used in the method of the invention may be
used as imaging medium for in vitro *C-MR detection, e.g. in cell cultures, body

30 samples like for instance urine, saliva or blood, ex vivo tissue, for instance ex vivo

tissue obtained from a biopsy or isolated organs.

The term “*C-MR detection” denotes *C-MR imaging or *C-MR spectroscopy or
combined *C-MR imaging and “C-MR spectroscopy, i.e. "C-MR spectroscopic



OH OH HOOH Fructofuranose OHO / ------- OH* HO----H OH Fructopyranose
The term "fructose", unless specified otherw se, denotes the D-isoner of 20
f ruct of urwoasa/messir uct opyranose either in the a or 0 fecmEPacud/ond1%t ur es of
these. Hence, the imaging nediumaccording to the invention may thus
conmpri se hyperpol arised 13C-a-D-, or 13CG 13-D-fructopyranose O 13C-a-D or
13C- 0- D f r uct®reiR&nbR%e im ’g“%f’&fiﬂ‘roéest ﬁgrl\égf SPSSHPREOPS oTHEINE YA OHMEMC of

t he hyper pol ?B{Iﬁ;sed 13C-fructose used in the nethod of the invention is
preferably at |east 75% nore preferably at |east 80% and especially
preferably at |east 90% an isotopic enrichnment of over 90% bei ng nost

o e SR TR S e E B e o
the C2- positis@ihr, bot@icviibse 38d Eevulose. Fructose is a very sweet sugar occurring in many
fruits, vegetables and honey and is used as a preservative for foodstuff and as an
intravenous nutrient. Fructose is a monosaccharide with a ketone functional group.
Fructose is an isomer of glucose. When dissolved in solution, it forms ring structures
similar to glucose, which are classified as cyclic hemiketals. Fructose has two
10 hemiketal isomers; the 5-membered ring called fructofuranose and the 6-membered
ring called fructopyranose, the pyranose form being the most stable isomer. Both
forms are shown below. Fructose is a commercially available compound. Fructose is
very well tolerated and using hyperpolarised '*C-fructose as an imaging agent is

advantageous from a safety perspective.

15
o OH o OH
HO +~OH - o
HO OH
H H
© © OH
Fructofuranose Fructopyranose

The term “fructose”, unless specified otherwise, denotes the D-isomer of
20  fructofuranose or fructopyranose either in the o or f form, and mixtures of these.
Hence, the imaging medium according to the invention may thus comprise
hyperpolarised C-0-D- or *C-p-D-fructopyranose or “C-0-D- or “C-B-D

fructofuranose or a mixture thereof.

25  The isotopic enrichment of the hyperpolarised *C-fructose used in the method of the
invention is preferably at least 75%, more preferably at least 80% and especially
preferably at least 90%, an isotopic enrichment of over 90% being most preferred.
Ideally, the enrichment is 100%. *C-fructose used in the imaging medium and the
method of the invention is isotopically enriched at the C2-position, i.c. [2-"*C]-

30  fructose. This is shown in the structures above, wherein * denotes the *C-label.



30fructose. This is shown in the structures above, wherein * denotes the
13C- 1 abel. WD 2011/ 029854PCT/ EP2010/ 063194 6 Hence, in one enbodi nent the
i magi ng reodi2onvzesspri ses hyper pol ari sed [2-' 3C] - fruct os@CT/EPI#6/06HDP4NE
“hyper pol ari sed” and "pol arised” are useg interchangeably hereinafter and
5denote a nucl ear .pol arisatjon Ievel i.n excess of Q.1% nore prefersred in
excess of 1%HERECIBONC smbodimeny the, raaging megrum gompies hyperpRlRpedhl2-s f

ani sot r opy, glrcgg@yl carbons tend to decrease in T1l, leading to faster

pol ari sation decay with higher field. This behavi our does not hold for the
10 hem ketal of fructose, showing a |lengthening of T1 with field strength.
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i nformation iand nieet pricfeered mpxccef ofthi¥er pol ari zed 15spectroscopy. A

| engt heni ng of T1 can be obtained by selectively deuterating the CG1 and
C-3 directly attached protons to further increase the signal-to-noise ratio

or the imagi muicwb BREMIcal2Zhifl BRisbEeNSB), ctbopalcarosatcnao BByedselin TNIEaMEELtbe
determ ned by solid state 13C-NVMR neasurenents in solid hyperpolarised
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15  spectroscopy.

A lengthening of T; can be obtained by selectively deuterating the C-1 and C-3
directly attached protons to further increase the signal-to-noise ratio or the imaging
window.
20
The level of polarisation may for instance be determined by solid state *C-NMR
measurements in solid hyperpolarised *C-fructose, e.g. solid hyperpolarised *C-
fructose obtained by dynamic nuclear polarisation (DNP) of *C-fructose. The solid
state '*C-NMR measurement preferably consists of a simple pulse-acquire NMR
25  sequence using a low flip angle. The signal intensity of the hyperpolarised *C-
fructose in the NMR spectrum is compared with signal intensity of *C-fructose in a
NMR spectrum acquired before the polarisation process. The level of polarisation is

then calculated from the ratio of the signal intensities before and after polarisation.

30 In a similar way, the level of polarisation for dissolved hyperpolarised *C-fructose
may be determined by liquid state NMR measurements. Again the signal intensity of
the dissolved hyperpolarised '*C-fructose is compared with the signal intensity of the

dissolved "*C-fructose before polarisation (or after the polarization has returned to



may be determ ned by liquid state NVR neasurenents. Again the signal
intensity of the dissolved hyperpol ari sed 13C-fructose is conpared with the
si gnal i nvensiioessh t he di ssol ved 13C-fructose before peCamps@bioes194 or
after the polarization has returned to WO 2011/029854PCT/ EP2010/ 063194 7
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t he gas phasél? iPp- may be dissolved in a |iquid/solvent, or the

hyper pol gpi sed gas itself may serve as a solvent. Alternatively, the gas
may be condensed onto a cooled solid surface and used in this form or

al | oned to shiciway. fol obamitehypiexpaiaisod ' h&ubtypeispad polusetiogaanskit fiom a

13C-fructose is preferre 20 Anot her y . for_obtaijni h rpol ari sed
13C fruct ose hr/gerta?ﬂa{flseﬁd}ﬂ_gh gaToeh 18&6?%%@3&1 Bl G- THe0 T i\égf%%ﬁses aving
ther modynam Go2quid it Ridk kﬁlﬁtcgﬁ Pﬁg&g%oiaﬂ!w BIRRNARE WE irdNgh) ?&Qri;@édel'i .

Hyper pol ari sati on conpar ed rating Tield and tenperature of the
NMR spect r ongt kypcirlaiscé apbld goy, nusferabty He ve Xy, dni gimixtirelof sacidgases, yndydw 25

tenperature (brute force). The nefsi.c fielgd strength. used should he as
i gh ae. J5ss BT SRt BRIRPa GRS Dhah ek ErShRaTIsHE iR e Ar
nore pref erabhy plae TitQhayTBE @is@él%&%ﬂ@%c%ﬁd/%l%xﬁ,f&H%@'h‘yyp&%ofﬁri@éd g@r RsclfThe
t enperat ure shoul d be very | ow, e.g. 4.2 Kor less, preferably 1.5 K or

| ess, nore preayeceislap alsobvaat. okltdreaiiyclye Hpegss andyybqeaatensgd ioptol@ooated galid ess.
30

surface and used in this form, or allowed to sublime. Intimate mixing of the
hyperpolarised gas with *C-fructose is preferred.

20
Another way for obtaining hyperpolarised "*C-fructose is that polarisation is
imparted to *C-nuclei by thermodynamic equilibration at a very low temperature
and high field. Hyperpolarisation compared to the operating field and temperature of
the NMR spectrometer is effected by use of a very high field and very low

25  temperature (brute force). The magnetic field strength used should be as high as
possible, suitably higher than 1 T, preferably higher than 5 T, more preferably 15 T
or more and especially preferably 20 T or more. The temperature should be very low,
e.g. 4.2 K or less, preferably 1.5 K or less, more preferably 1.0 K or less, especially
preferably 100 mK or less.

30
Another way for obtaining hyperpolarised *C-fructose is the spin refrigeration
method. This method covers spin polarisation of a solid compound or system by spin
refrigeration polarisation. The system is doped with or intimately mixed with

suitable crystalline paramagnetic materials such as Ni*', lanthanide or actinide ions



Anot her way for obtaining hyperpolarised 13C-fructose is the spin
refrigeration nmethod. This nethod covers spin polarisation of a solid
conpound WO 28ygessuby spin refrigeration polarisation. Poe/rrpysiesivs doped
with or intimately mxed with suitable crgystalline paramagnetic materials
such as N 2', |anthanide or actinide ions W) 2011/029854PCT/ EP2010/ 063194
8 with a synméth§ sSERMStyraxsy aﬁ?rdﬁm & BF Mess el heTatr it tptinne it plsh tha

si npl er than G rGH Hes vmpncwn%u R DRGHHIRmAAnbi FRIMITBING b Snhh&! d
since no resonance excitation field iIs app?led. he process Is carried
by physi cal | gxcittiahifingd tihepplherhl Bicapouesd ancaaéds ope bpergtbicallyarotating He

direction of the magnetic field. The pre- 5 requisite for thi thod is
Chat t he. par AHHGH ST R siscey SRer e G s SataB R g mogiotischedt Thsd v
result ofsthee |61 th@d AkineR is thAEthe! RFdnhQNcRASRIRY RS aﬁgghgsaﬁw@i 11 be
brought in contact with the nuclear spins, |eading to a decrease in the
nucl ear spi nfacempésa weelt oStheplamplotaitionn thescleetran paramegnetiatredonanss willcl ear
spin pol ari sation S reache new, equi.librium, 10 1 n a preferred

enbod! ment - SRE L ERRE Efta GRG0 ekl Rt R G soin
hyper pol ari seshiedstufd. WahpserothtionDNRsariel aiit G@tli thd natleMRspae thoVeisatitel Bis i n a
conpound to be polarised is affected by a pol arisation agent or so-called
DNP agent, ar@@gﬁbﬁﬁ@N@@Wbbm@ﬁng unpaired el ectrons. During the DNP
process, ;gnergy, 15 normally in the formof nicrowave radiation, is
provided, which will initially excite the DNP agent. Upon decay to the
ground st at e In athgeferied cantodanafteDNPf (dyabmaid sadl¢ad ipolarsanid)ds weghita ebtain

el ectron of the DNP agent %o t he NVR activr nucl ei of the conpound to be
pol ari sed, e.ﬂ"@jPefP atipd 1 dchimgiorei It PABChofgspigte of TR ACkNF sEclicHer cal
entity, | e. 6RRBaHG belboilied RNFIRLIG pdlarkATBOSLA: R 20uRATAIP 3504, ! he
conpound to be polarised and a DNP agent ?s prepared which is then frozen
and i nsert ed ai peropandNEoppliang smpafal cpotrand. sRtuiog . thAfRNP proecssoleaerggat i on,

the froz sol i d hype | ari sed conpositjon.is rapidly. transferred i.nto the
[ qui o st o nehoHBYREDE Rt oRGRE BB RRYRE db P B which AN SR LgFucit

di ssol ution RRADNP addns SOhdH HQAY It6 tRE BfcRnd Sthtd@NAert NE adiSSRL WFipaRrRitRmESS of
a frozen hyperpol arised conp05|¥|on and 25 suitable devices therefore are

descri bed i nfigem ahd upppisad degryn3gfi g DIVE agentt tonidie pNbiFe gstivendudieii etbice
devices for the nelti are. for instan descri .h WO A02/ 36005. In
order to obt§Pﬁm%mﬁf62%6€F§P?§§ﬁ?Sh&Feﬁngﬁﬁ1?h2§§8%8%hnd to be pol ari sed
sai d 30 conpqungblaivd 4 becrbidB @gienticnesthpbondiebyi the i DINP ma¢tRod; ant@aposition Ng

t he DNP grocess.,This is not the case . if the conposition crystallijzes upon
bei ng fr82en cOMPEYBE Eif. comepoznéieibe peiarisadiand 4 PR ageptdsBrepyeaavhichigyhase
included in L -hat 2t A p i - of 4t he

gl ass fornergﬂ?gygﬁggégﬁ%gﬁg}g?ﬁ@ﬁhg?hggdgt @gﬁ%ﬁﬁgbgﬁép%%iogﬁggy%égkther
agent is to Wezeospldd dypapaaaddedng myostiohrisiciodly. trar8ferred into the liquid state

out

either by melting it or by dissolving it in a suitable dissolution medium. Dissolution
is preferred and the dissolution process of a frozen hyperpolarised composition and
25  suitable devices therefore are described in detail in WO-A-02/37132. The melting
process and suitable devices for the melting are for instance described in WO-A-

02/36005.

In order to obtain a high polarisation level in the compound to be polarised said
30 compound and the DNP agent need to be in intimate contact during the DNP
process. This is not the case if the composition crystallizes upon being frozen or
cooled. To avoid crystallization, glass formers may be included in the composition.
Factors that affect a possible need of the glass formers is the concentration of

fructose in solution, or if another agent is to be co-polarized along with fructose.



For the hyperpol arisation of 13C-fructose by DNP, a conposition is prepared
whi ch conprises 13C-fructose and a DNP agent. 5 The DNP agent plays a

deci si ve wol2e11in9gshe DNP process as its choi ce has a najpon/EPopact3ion the

| evel of polarisation that can be achieved in 13C-fructose. A variety of
DNP agents, in WO A-99/35508 denoted "OVRI contrast agents", are known. The
use of oxygen-based, sul phur-based or carbon-based stable trityl radicals

d i bedd
01/ 12004, VO & S5 DTTT BEAE A 061 Sea67 oo ees TR o i R TEpEh

polar|satloncpmmaﬁmdﬂ$émwuméamﬂéiXNﬂam&nsanples In a preferred enbodi nent,
the hyperpol ari sed 13C-fructose used in the nethod of the invention is
obtained by DNP and the DNP agent used is a trityl radical. As briefly 15

ment i oneds abqyg DNP Qg8 s @&Hdﬁ@é"roﬁ@hﬂtlﬁ%ﬁf"p‘i@éds@ Bs @ chéige BAPa
i.e. trityl radical I's converted to nuclear spin pol ﬁrlsatlon of 13 nuclel

in 13C-fruct @@eaqt |oa the evelvelne ldrisptaeti tdn@t @'rm bﬂ @b@Vts@ it he-ghaeser dnvarghhofr
L eeney RGN SR R RIS NS SRR SRR AN

nucl ear spln sys I'ons ive

to achieve aubd @t beysh-keqoha madasém drNcdBén-b2Rdf KtdbleOs@tyl trii@cdls i dsy!
radi cal has to be st | e and so uble in these conpounds to achieve intimate

cont act bet wdesribsE- fif uVOsR-%FH0he WOHABEAAH B al WEhAN/0W0AecdQ=y for
h f
the afor He”béﬂﬁﬁgddl oA b?/@%?ﬂ” o?ewef’?\”d@%%%tf R 0 Q&'%eﬁ]ghsﬁ'v&FSchSt eIs.

In a pre erre e trit is a ra Ica ormul a
(1) 25 CCCmehnwhemenm\mMe@ﬂé@ﬁﬁﬂ&uhmmpmgen or one equivalent of a cation;
and 5R1which is the same or different represents a straight chain or
branched G -C6-al kyl group optionally substituted by one or nore hydroxyl

groups or a gf QURfekcdiahbodimBe, tHMGp&HBlaRsdd & frfetddE uSed in the method of the
invention is obtained by DNP and the DNP agent used is a trityl radical. As briefly

15  mentioned above, the large electron spin polarisation of the DNP agent, i.e. trityl

radical is converted to nuclear spin polarisation of *C nuclei in *C-fructose via

microwave irradiation close to the electron Larmor frequency. The microwaves

stimulate communication between electron and nuclear spin systems via e-¢ and e-n

transitions. For effective DNP, i.. to achieve a high level of polarisation in *C-

20  fructose, the trityl radical has to be stable and soluble in these compounds to achieve

intimate contact between *C-fructose and the trityl radical which is necessary for the

aforementioned communication between electron and nuclear spin systems.

In a preferred embodiment, the trityl radical is a radical of the formula (1)

25



Xis 0 or S; and 10R2is a straight chain or branched G -C4-al kyl group,
optionally substituted by one or nore hydroxyl groups. In a preferred
enbodi nenwp 2Mwepssesent s hydrogen or one equival ent of acpmpsetoloegypcal |y
tol erabl e cation. The term "physiologicaljy tolerable cation" denotes 15 a
cation that is tolerated by the man or non-hunman ani mal |iving body.
Preferably, Mrepresents hydrogenor al k@li cation, an ammoni umion or
an organic am ne ion, for insta-céE: 3?h Most preferably, Mrepresents
hydrogen or sodium Rl MGOE ab nore preferably a straight
chain or branched G -C4-al ky @ ably nethyl, ethyl or

i sopropyl; or RL is preferab preferably a straight chain
or branched G - C4- al kyl gr up ) \ut ed by one hydroxyl group,
nmost preferably - CH2- CHRI i & preferabPy the sane and represents

- CH2- 0CH3-, CH2-0C2H4CH, ] > %3-43 -CH2- SCH3, -CH2-SC2H5
or -CH2- CH2 SCH3, and nopst preferabl - CH2- RKi2- . WO

2011/ 029854PCT/ EP2010/ 063194 Rl ' $cuRarly preferred enbodi ment, X
represents 0, Mrepresents an atio nost preferably sodium and Rl
is -CH2- CH2- OCH3. The afore : $tyR1radical of formula (1) may be
synt hesi zed as described in 5 detail l[in. W-A-88/10419, W)- A-90/ 00904,

WO- A- 91/ 12024, WO A- 93/ 02711, WWO- A- 9658467, WD- A- 97/(00633, WO A-98/ 39277
and WO A- 2006/ 011811. For the DNP process, a solution of the starting
material 13C-fructose (in the follow ng denoted "sanple") and the DNP
agent, preferagRly,a trityl radical, nore 10 preferably a trityl radical of
formula (1) is prepared. A solvent or a solvent mxture may be used to
pronot e di ssol uti &h of r¢efrescDNRyegenn of ond dypiwdampbea ciimnewst , if the

hyper pol ari sed 13G-fructose. i ntended.to, be used a nmagi n t for
P o S5O VR dotler 1 e e M S PE T iotey AR eireihs i of BBl | 06
a mnimumor, if possily & diRyayeLf dpisnilfe s@stie@dd 8htche JOMBE: USEExAS an

in vivo inmaging agent, th
groups or a group -(CH;),-X-R2

y théSSa z

whereinnis 1, 2 or 3;
X isOor S; and
10 R2 is a straight chain or branched C;-Cs-alkyl group, optionally

substituted by one or more hydroxyl groups.

In a preferred embodiment, M represents hydrogen or one equivalent of a
physiologically tolerable cation. The term “physiologically tolerable cation” denotes
15  a cation that is tolerated by the human or non-human animal living body. Preferably,
M represents hydrogen or an alkali cation, an ammonium ion or an organic amine

ion, for instance meglumine. Most preferably, M represents hydrogen or sodium.

R1 is preferably the same, more preferably a straight chain or branched C;-Cs-alkyl
20  group, most preferably methyl, ethyl or isopropyl; or R1 is preferably the same, more
preferably a straight chain or branched C,-Cy4-alkyl group which is substituted by one
hydroxyl group, most preferably -CH,-CH,-OH; or R1 is preferably the same and
represents -CH,-OCHs-, CH,-OC,H4OH, -CH,-OC,Hs, -CH,-CH,-OCHj;, -CH;-
SCH3, -CH,-SC,Hs or -CH,-CH,-SCH3, and most preferably -CH,-CH,-OCHs.
25



15 polarised 13C-fructose is usually adm nistered in relatively high
concentrations, i.e. a highly concentrated sanple is preferably used in the
DNP procewe 2andi2bssace t he anount of sol vent is preferablpgTherpiionesiad
mnimum In this context, it is also inpprtant to nention that the mass of
t he corrp05|t| on cont ing the sanple, i.e. DNP agent, sanple and if
necessary soW@nPampg mreftggre%rf:&r Odggen;so%%mr@en% Qi & rorrespass aialalinave a
negative i MpagfioD RELUIG SN, atdfttt SOlubicen process, if

di ssolution is Ousec?g{tﬁreconvgrt the sol i § g*g%poa tion containing the

hyper pol ari sed 13C-fructose after the DNP process into the |IC]UI d state,

e.g. for usi i for MR det ecti.on is.s,due to
The tact  hadtraforiigRiusd pahd Al Sl Y s discn i R edurebt ' on
process, the d@ﬁﬁsanfW(bhdi‘-SQQWP@' WAOA-H® 08504 i WERWUS i/ o1 20E iV OIA 19812911,
decreases when the mass of the conposition increases. Further, using

certain sol v RO AP 9B GV PeAt 19638 Wb &9 9389251 eand VEORg 3280 601 Kllsed
13C-fructose used as an MR inmagi ng agent is adnministered to a hunan or

non- human ani mal bei ng since they m ght not be physiologically tolerable.
30Usi ng 13C- fRoHah@SBNRSpidc&dsalat kdlgtisratogr thal stir@in®binaierlalnyiTefpetbsy i(He the
13C-fructose via DNP, a solvent is nornmally added to prepare a_solution of
the DNP agentolpydng slenated sempiedsand the dPNP seyt, @rpférthéfowﬂahrafctl@t HAE nost
pr ef er abl t nt is
di ssol veéd V\%}&% ab%S%&ﬁgl 18216&‘?1}50}’5 s((laqgg rg(glt}gg%llqgl{e{ |n t wﬁil}gg%l ved
DNP agent. | marietised tepioatiterdinolutioif tmmgeﬁeﬁ&ﬁetpmpﬁﬁzmwe@asw 12
fructose is dissolved in the solvent d subsequently the DNP agent is

di ssol ved i n('j‘ T R S SN R R e aﬁﬂmaa@lgoefge%g)rdﬁﬁfbvmds
can be pronotgd\ay ssRUESR 1%%&‘9)%%%& Qﬁo@r{ttof sSHEh: @S Shdifuh b, if
vortexi ng or sonication. 5If the hyperpolarised 13C-fructose used in the
met hod of t hgossientoi onid thealse aif selicig. DNBe ustrb ac emposivd iikging dgentpiicar i sed
corrprisin 3G fructs nd .a ent. further copprise a.paramagnetic
reral ond i Poihssthebs At rany RET R i E el ARaRET B B F ons
may result i Mighe rcsl@c%ﬁgatealsaﬁlpfeats \}\%efet&;;eh%d h fReDRPNRBLRd e RacPalari sed
by DNP as described in detail 007/ 064226 which is 10 incorporated
herei n by refeoencefl sThent esrme'fqiablarﬂ@@hé@m:mmmmu bh'thléiémjteé's ipap aﬂth@gnetl c
met a! ions i n f)hl%ntqg %e%m%qg t th al t o?rt]ﬁie ggmgg&%neéoncfal lt%% %gtlhpfe

chemical entitres conprising B or an ar anagne |bn,

wher ei n sai d peP apagheinsle rxﬁtt af nb@@saﬁﬁ@olsattd 1§k@tafs(2;h1aﬂoafsr@cﬁsﬂbmpi @igh 15 In
a preferred enbodi nent, the Far amagnetic netal ion_is a caonpound corrprl si ng
Gdn as aZPar arpay el haveey Begatiye Impaeirasy tisl sffigieper aﬁﬁ%éw@ump@@@ss if
conprising ag ﬂp@gﬁg

preferred errbo?sggllu{:}&?rlS g%lq 8::)j‘gtbrn g’%‘ag%eg?‘t c et cfslltlfoél%?lg%lgqg? 95&88@{13%1] ein
the conposi t i niicobe afiol dr DA, pRReAsin tthe tigeidDNReagantfodesiagibes dvef or e,
the 13C-fructose to befg]gl3 rl'%e must he i.n_ inti te contact with f

par amagnet i c "Hagiag gl CfFRoR oS4 Loie IS Gt £ foiNPEY P U8 g
13C-fructoseyr %mQNBtléﬂer‘ﬁEduﬁHQnach@ﬁts%ﬁﬁ%'@ b SocBBtRL naQh o PRl E’cﬁnﬂé&‘it?dnn%d in
several ways. In a first enbodinent the 13Cfructose Is dissolved in a

sui t abl e28ol venolution oitdaim ratic dbozreatsm wiien thei masso¢ﬁ1them®anos¢®@-1hcn§t@sesse t he

DNP agent 25 s, added and .di s ved. The. ent atrit

adti oot gRETBE dyge donun S BEM s TRRrS Dl ol b fyerto 4fi

In a subs equé%tt fiat@©Rs udcl Qs RANRBERSh ) @géfﬁt@atdntlﬁmdr@d Mdtadnaanstqldaamtmlgnet IC
metal ion mght be added as a solid or in solution, preferably as a solid.

I n anot her eﬁb@@ﬂh@ﬁgSﬂmh&mmmmgh@%ﬁbe@hﬁﬂQhéwp%YKWﬁéﬂét|c metal ion are

di ssolved in a suitable solvent and this solution is added 30 to
13C-fructose. In yet another enbodi nent, the DNP agent (or the paramagnetic
netal io08) i stgsSoHr@dodenasaa staitirgbiatesial weobtaianiypeededist® ' I3Gutosehse. I n
a subsequent step the paranmagnetic netal ion (or the DNP agent) is added to
this sol uti o®Nkiz mhferégs goggliyaadged jte psgatR 7 oplutipp of sheabNy agenharbfhed.

! Eh el e SOy YTt S TSEANE e AR 5T d o

solvent. In one embodiment, the DNP agent is dissolved and the *C- fructose is

subsequently dissolved in the dissolved DNP agent. In another embodiment, "*C-



13 minimum Again intimte mxing of the conmpounds can be pronoted by

several neans known in the art, such as stirring, vortexing or sonication.
If a tritwb2wadiesk i s used as DNP agent, a suitabl e corcemre@bioss19of such
atrityl 5 radical in the compositionisql to 25 nM preferably 2 to 20 nM

nore preferably 10 to 15 nmMinp the conposjtion used for DNP. |If ,

par amagnet | c Tidica 1 Gvorsiaadbe S?les_erttr?glﬁéa GE?I%tlL;’otﬁ? DN gy it gissolved in
concentrati ogOfiisHEdy AchRIAIRINR I fe %&iﬁ% dffe bémgoﬁlndg Qaf b@‘?r&ﬂﬁgﬁeg'by on)
in the conposition, and a concentration of 0.5 to mMis preferred. "10

Aft er havi ng spreegan@ds knowmpobt titosuch espirieg meprie3defaryetiog®n. t he DNP agent
and optionally a paramagnetic netal ion, said conposition is frozen by
nmet hods known in the art, e.g. by freezing it in a freezer, in liquid

nitrogen or byhsingPbipoRHa%E PO-fitctdst ubaeinRNP nROlr d3RE inveheseis bbaiicd el i um
will freeze it. The conposition may optionally be frozen as "beads" before
it is insert&NP.ibocemposisindpibseelarisud porprisies 16 -fingfossend stRINRegderbynayddi ng
t he conposition drap wise to liqui.d nitrogen., A nmore effjcient dissolution
of such beadd TS BERAS AL vatERelin i ieh dE Rt AR (R bR PreeRd s

amount s of 13Grahfadaét@s@el RnPplagresfdin ih@tasde pbRASRIONMIEVENY in ths compended t o
use the polarised 13Cfructose in an_in vivo _13C- MR detection nmethod, 20 If
a par amagnet it¢ begtodrised by BNSr ess deiicribed i de@d oW Q-A8r2 Wi 942 dhmpdusht ison may
be degassgd :ng Wale i r h
conposit?gn (%E&?ﬁéggﬁﬁéﬂf%¥qgﬂ??ﬁé gg?ﬁ% o#ﬁ%h@ﬂgggﬁﬁﬁégbg#gdg%gggﬁng
can be eff ecpecniagnaidhmetak iewnincthomform regtthaid salts? ndT perambphdtecdhielatse i.es f or

i nst ance descyi bed in.VI>Av98L5822é€ﬁnd in WO-A- 01/96895, both of which
are i ncl uded “ByMicek @1tice SOMBIENE @ CAEREN Anf P, PAATRYAEHA MY ot WiFTHAGAKY i C

field and a yefyhbAWid AORLHLALHE S1id kR IMOE thrinh LdigHBNP process, e.g. by
carrying out the P process in liquid heliumand a nagnetic field of about

1 T or above. Alternatively, a noderate magnetic field and any tenperature
at which 30 sufficien | ari satjon enhancenent .i.s achi eved be. .

el oyed 1S | n T A EEr SRR LR P PHEN NP BB & 1 OB RPRGB e
l'iquid heliugg@Ends a grpanehbee et doRfprafefiBly 4 phradfia ARy EhelattichaPliSing a

pol arisation units are %or i nstance described in A- 02/37132. In a
preferred emnsbeptorand Glhespalasmmagactiometphion. bowrprrsersicared epbeotmengrsdid

paramagnetic metal ion is soluble and stable in the composition to be polarised.

20  As with the DNP agent described before, the *C-fructose to be polarised must be in
intimate contact with the paramagnetic metal ion as well. The composition used for
DNP comprising *C-fructose, a DNP agent and a paramagnetic metal ion may be
obtained in several ways. In a first embodiment the *C-fructose is dissolved in a
suitable solvent to obtain a solution. To this solution of *C-fructose the DNP agent
25  is added and dissolved. The DNP agent, preferably a trityl radical, might be added as
a solid or in solution, preferably as a solid. In a subsequent step, the paramagnetic
metal ion is added. The paramagnetic metal ion might be added as a solid or in
solution, preferably as a solid. In another embodiment, the DNP agent and the
paramagnetic metal ion are dissolved in a suitable solvent and this solution is added
30 to "C-fructose. In yet another embodiment, the DNP agent (or the paramagnetic
metal ion) is dissolved in a suitable solvent and added to "C-fructose. In a
subsequent step the paramagnetic metal ion (or the DNP agent) is added to this
solution, either as a solid or in solution, preferably as a solid. Preferably, the amount

of solvent to dissolve the paramagnetic metal ion (or the DNP agent) is kept to a



pol ari sing nmeans, e.g. a m crowave chanber connected by a wave guide to a
WO 2011/ 029854PCT/ EP2010/ 063194 14 m crowave source in a central bore
surroundestohyimegsseti c field produci ng neans such as a gp@EPc@0@EEIV4 Ng
magnet. The bore extends vertically down,fo at |east the | evel of a region
P near the superconduycting nmagnet where the magnetic field s&ggngth IS

suf ficientl y THRGHI.cAgain 8t plgnmixing @ 2be FOmPRNGS a8 r RS BT LPY SRECTdlanpl e
5 nuclei to takes RAAGEn OEPAER al ﬁﬁrihg,evo?tr Qi*ﬁg ot sorficatiol® frozen conposition
to be polarised) 1s preferably seal abl an§ can be evacuated to | ow
pressures, e.g. pressures in the order of 1 nbar or |less. A probe

i ntroduci ng ans. such as. a renov e transporting tube can be contai ned
st de-the bat & A TEIEQ 56T RO RE AeHEEr SHePlOTIEHETBR riehe BOFe down
to a posi§i onadiftgiittetcBpBlitbR AN R BhaWRSiefbibhO (LB AV, PaorBpeifaLE 10s
cooled by liquid heliumto a tenperature | ow enough to for polarisation to
take place, [ & erdbnyha ecampasttonrused &fr PNB. lbradwranpdgnetiq megnl i@0is kdderbioe
preferably 0,5 to 10.K, nps referabl.y 1.t0,5 K. The prohe.int.r cing
means s or of By, SRR EnELAHst b ity iRl PR NETE T ai
the partial vwadywi@adl on) kethrotpodition, Qe arcdhédnfiafigh 60M5 & NeiM iSpeferad. a
probe-retaining cup, can be 15 renovably fitted inside the | ower end of the
probe introduci ng neans. The probe-retaining container is preferably nmade
of a |ighf-wejght ' i, t : i.fic he: it o]
cryogeniééprggggnggggggﬁﬁgg%éggﬁmﬁgp&§?§%+é%ﬁl2?2%??%?5%?3%5ﬁ3%€%@§9%r
PEEK ( pol yet beti@idilgrketramednecaindndtdl ionysabk calasosiiivadisifrozen b mctivads krivatn i t
can hold nore than one probe. 20 The probe.is inserted into the . .

pr obe-r et ai nihYCCBh & REfTCcd bR @3&?6?% theayd gisogemar Py rmy plaringdt & ed

Wi th i cronayes pNBEJHELR RK ! [iGHH AN EERL B MFIRE Lo hp QRid PR
line of the DNP agent, which depends on the magnetic field of the nagnet as
28.0 GHz/ T. Oheomlyi beafrozrincasovimeds”f redopa eh oyinserjedbist2the dwilarsat. hadh hgads

adj usting.the frequency for xi pal NMR signal . Preferab t he opti nal

o owavdSt ¢ EieRoYIR e sl B coblyoed TR A treisnie i HUrEh: fomafSs T
110 GHz for arfiman@isseasdessdcd Bads habHebBschRid, ¥hBRAR8SpceAy 98vd@iS T
and 200 GHz for a magnet §harged to 7 T. The power may be chosen between 50

and 200 m\ duepeamdesintoel tAetynteisers peleriscilhéor iastanceofhqol & inkadedip nesy be

noni tored as 30 rlier~described by.fas~hnstance acquiring solid state
13C- NMVR si gngllespog&steﬁe Cﬁfrb%tés%%ra%ﬁﬁxmoc r%m%éigtle?t?%{ldrp gt;ﬂlo(ci)‘n. Generally, a
saturation curve is obtained in a graph showi ng NVR signal vs. tine. Hence
it is possible to determ ne when the optimal polarisation |evel is reached.

A solid 3Pat &f 2 parapRIGHCABGREIRINE PEERChial the comppsitian s#id gogipagfign may be

pul se-acqui r i [RToRT . i | ity WO
2011/ 029854 P@?%%é%@%gg%ﬁlggoﬁy {b ﬁhé%lgl%%%ﬁlé}%%g@ggh gﬂéﬁgg(?f%l%desﬁhﬁl[@‘tei ,

i .e. 13C nuclisstanica f&3&tiniupéramieof 3 -¢ dfrpane dutmitdasdige cai doalfertod diysothyr of
the 13C nuclei in 13C—frucéqfe before DNP. The polarisation is then
cal cul at ed f FBAVEREMRNTBCtEISt he signal intensities before and after DNP. 5
After the DNP process, the frozen solid conposition conprising the
hyper pol ari sed 13C-fructose is transferred fromthe solid state to the

| i qui d s£at e Thi . RBNP|tecqwediced. foThigarzardcheitbdnie WO-AN-9&682it2 anl i VED-A-

aporopri ate SELMER. o SPANERYTLALUER (Sieacutt on recu or. B ElY v
high magnetic field and a very low temperature are used in the DNP process, ¢.g. by
carrying out the DNP process in liquid helium and a magnetic field of about 1 T or
above. Alternatively, a moderate magnetic field and any temperature at which

30  sufficient polarisation enhancement is achieved may be employed. In a preferred
embodiment, the DNP process is carried out in liquid helium and a magnetic field of
about 1 T or above. Suitable polarisation units are for instance described in WO-A-
02/37132. In a preferred embodiment, the polarisation unit comprises a cryostat and

polarising means, e.g. a microwave chamber connected by a wave guide to a



10 heat. Dissolution is preferred and the dissolution process and suitable
devices therefore are described in detail in WO A-02/37132. The nelting
process amo 28uiiedshe devi ces for the nelting are for ineCampeoidessipd bed in
WO A- 02/ 36005. Briefly, a dissolution unif/nmelti ng unit is used which is

ei ther physically separated fromthe pol arlgﬁ3 is.a_part of an apparatus
that cont ai ndVEIREa¥E PAEE &} 2 sRRfral hore surguad y.ﬂ&ﬂgnatm figldanredysgne megns In a

preferred e”@&éﬂ éEez{‘Eupe?'é g&”ﬁ' ﬁﬁ%ﬂé‘?'fﬂe“&brb Sxedy V&fc tdo%\tn ﬁ‘)“at%e?s‘t’ﬁ{

magnetic field, II’ISI e polariser, to inprove the relaxation and
retain a rraxﬂfrmtnodfa trd;@orh)Ppacqmﬂharsu@altcpnﬁuctlﬁg ghakneb dders hivu Intigheticadieldded

and low field ced r | ax ite. .the.abo measyr es.
2011 the comyBEIah v LB A LR RYBEr pOTGPS eIt Sogergnpt

l'i quefi edsby ndiiss @ lﬂzlldeo?lac@nTleQB&QUﬁ)r Ghé Mir§te (iRF ehe by can@maﬁbﬂltév%ec ally
tol erabl e and pharmaceutically accepted aqueous carrier |ike water, a

buf f er sol ut ipokrised) skl preéerilely sesiatedlsl ywndisee he evaewitederhe le\:vpetﬂswrw e.g.
preferably it the hyperoal e“% 3rCJrr”sCst° Sl intbanded £o6 4

i magi ng medi §RPPOF° i Vi VO 13 eteC|on PEST® TR OVTS %néqoa% f 5t|ons
al so non aquegHsvadbld H@hertAE 8 YaNbe @bmhmwsngmythb%ou@@ﬂh ﬂfl@ltuber@ha@ce
DVBO or net hanol or m xtures conpri si n% an aqueous carrier and a non
aqueous sol véerted fpm;the foprfdhepore Gpw o f PPN Hiyilowhe BYcrovayReisawsT inand

wat er he | G f e
i nter changeab é&{?n t%fgfl%{)%:%%ogit o lq{ﬁ% sethl 1If i %é%r%gatﬁﬁuﬁw%hgenot es one
or nore buff @bhrisation. toazi@q)lamexpmfeesblyfteﬂmﬁr&t&r@ of thkGor( &HIPRCU {ANEDHRGhpre ACES,

Pl PES, i m dazol e/ Egl BES, MOPS, HEPE TES, TRI HEPPS or TRICIN. In
anot her pr ef SFFFAL¥HdP O, mPePTsEARbd et Ki diegro w@rpeu%%me@%rse

the 5 conbi neg-raq 0§é§1a51%ra"t '1t‘§r1{8gé¥5é‘ﬁd51ﬁ|a‘d sﬁﬁaﬁlé’Wa &6 rGOMMAL PESiaPRRuRM MOT €

conpounds which aré able conpl ex free paranmagnetic 1ons, e.qg.
chel at i ng agenttke [bokee fDmbaaretdEDﬁ@\ confalﬂvy,pa:qhoasaalmabé maihmgcarpr ioanl wut by

t he DNP ngt hod f t t di cal
optei onal 'par gﬁﬁ%‘?’f‘@fy E{\l e ﬁqre eﬁ%b?% \,péﬂ f Pﬂrggq!le%% d E? ni ng

t he hyper pol g&th c%%ﬁlﬁérq§?&$&ablﬁ%ﬁmﬂé%|fa h&n\mtmn\%aﬁwg&fcﬁwed i f
the hyperpol arised 13C-fructose i5s mtendedgfor use in_an imaging nmedi um

for in vivo s capsietdnddzpodseyagenicoprpperteesucheasterg. tKalF (pely ddorogitorere
16 ro- 3007 06 TR A bPoEk Tp 0Bk Re e G 8uAe AP L eEE I BBt o by
reference. it can hold more than one probe.
20
The probe is inserted into the probe-retaining container, submerged in the liquid
helium and irradiated with microwaves. The microwave frequency may be
determined from the EPR line of the DNP agent, which depends on the magnetic
field of the magnet as 28.0 GHz/T. The optimal microwave frequency may be
25  determined by adjusting the frequency for maximal NMR signal. Preferably, the
optimal microwave frequency is in the about 94 GHz for a magnet charged to 3.35 T,
110 GHz for a magnet charged to 4 T, 140 GHz for a magnet charged to 5 T and
200 GHz for a magnet charged to 7 T. The power may be chosen between 50 and
200 mW, dependent on the probe size. The level of polarisation may be monitored as
30  earlier described by for instance acquiring solid state "C-NMR signals of the probe
during microwave irradiation. Generally, a saturation curve is obtained in a graph
showing NMR signal vs. time. Hence it is possible to determine when the optimal
polarisation level is reached. A solid state *C-NMR measurement suitably consists

of a simple pulse-acquire NMR sequence using a low flip angle. The signal intensity



In a preferred enbodi ment the hyperpol ari sed 13C-fructose used in the
nmet hod of the 20 invention is obtained by dynam c nucl ear pol arisation of a
conposi t iwo 20hakssenpri ses 13C-fructose, a trityl radi cacTapr26ionsaiba (1)

and optionally a paramagnetic chelate copprising Gd3'. In this preferred
enbodi nent, a_solution of the trityl radical; and, .i.f ,used, the paramagnetic
chel ate conpf §isn¢ynegrc chlﬁ%r@@é%r@aa nyplgL dics s 61 WSl R | @Fmimam BAORRES he

optional dis v - as -addet ] i f t ose
and the corrp?g%ht ?%n@%gg?%?ﬁﬁpshg%nigaﬂﬁmogpmﬁ; ?@Pﬁgge%mtrgs%ﬁgmjtg%c

i ntimate m xipnirisdtioal ik theheakompahimmnshe e of iegsigopl mednsimsaetar dhdgftero t he
nmet hod of the_invention nay be used as imaging nediumfor in vitro 13C MR
det ecti on, ef?)d\l.I '13C-MR detection in cell 30 cultures, body sanples, ex vivo
ti ssue orsisolated organs derived fromthe human or non-human ani mal body.
For this purpose, the inmaging nediumis provided as a pon‘gosi tion that is
sui t abl e for Adtsir e B ®ertoewss, the frazers selitc empasitioncagimpuisexy, the Arptreelatipdde
urine, blood: saliva, eX:Vi tissues |ike biopsy.tissues or is t ed

or gans. _Sach' SiTaR RSl PR Bl L i PIRNd S e Bl

i magi ng agentcan be dond B disVESHL &/ B2 YFhdfHalé bbteéht @ Q6T dmikfurdisstlitis agent
hyper pol ari sed 13C-fructose, a solvent which is conpatible with and used
for in vitromasiymher ky meltiag sheswid coppesitingtomh by amg/g@lwneﬁ@t mdheforgyof

sol vent gjxt S ¢ i Si hg u JENI op, 42 S ent,
or i st Moe e xior ansh! I aPaRat ERY 3ne 2t o Ao B N SIS aE ke
and wat er or tleréfofd are desobed iiondetAs in tWiOs A2p3i 182t Ther mthag Sprokdss darmpler son,

pharmaceutical ]y acceptahle carrjers, excipients and formyl ation aids may
be present | AUSHAT, dé}ﬁlcf%rg‘b'i Hy e mn%rsuféranga% deserbrd &y EAZBaRofE
purpose. Furger, § kgsshirBoh ngisFRAiMMAE $OLAINGhiER i E‘ﬁleﬁr‘%%gﬁgal&f se{p%te_d

0 d n vivo 13C MR de

i nvention may be“used 10 as 1 maging nediumfor i ecti on,
i.e. 13C MR detneths polamser ror asl aopart of ah iappargtub i rcontaimsothe mohasea andréic

PR g T Lt o S T R
i magi ng nedi ¥mrRHfueraehhklGamar magtit Tidd d & | @Gidé @hd PSlatiSRIINIHENthe | . €.
the MR active agent hyperpol arised 13C-fructose, an aqueous carrier, 15
pref erably arghyationlanditstain y matiswabpé thenblynsiieeleritetion i ald yodgs cbpeldbe
aqueous carri,crilh ke, WAl R0y o UL ST BOLUE LR 00, SALEAGh: FE0 AN mol ng
medi um may f (FEheT “Comprise cenventiconal  pharneceutical or veterinary
carriers or excipients, e.g. fornulation aids such as stabilizers,
osnnlalita adj usting agents, solubilising agents and the |ike which are

al

convent i 8Ral IF dhe dPEYATEPT cCosrntisig theomyperroktisan  drimeosetierliqighigd by
medi ci ne. dissolution, an aqueous carrier, preferably a physiologically tolerable and
pharmaceutically accepted aqueous carrier like water, a buffer solution or saline is

suitably used as a solvent especially preferably if the hyperpolarised *C-fructose is

intended for use in an imaging medium for in vivo *C-MR detection. For in vitro

25  applications also non aqueous solvents or solvent mixtures may be used, for instance

DMSO or methanol or mixtures comprising an aqueous carrier and a non aqueous

solvent, for instance mixtures of DMSO and water or methanol and water.

The terms “buffer solution” and “buffer” are hereinafter used interchangeably. In the
30  context of this application “buffer” denotes one or more buffers, i.c. also mixtures of

buffers.

Preferred buffers are physiologically tolerable buffers, more preferably buffers
which buffer in the range of about pH 7 to 8 like for instance phosphate buffer



If the imaging nediumused in the method of the invention is used for in
vivo 13C MR detection, i.e. in a living human or non-human ani mal body,
sai d i magvogonedossm i s preferably adm nistered to said lpowErpanesiiesal |y,
preferably 25 intravenously. Cenerally, f{he body under exam nation is

positioned in_an magnet . Dedi cated 13C -coils are positioned to
cover the arggf%?oi @é%%}ézAﬁgéangg d Rghe ﬁﬁﬁgtﬁﬂﬁidwcﬁﬁéfﬂ ngERedi um
wi || depend uipqg Appp9geTRICcHMACtors such as toxicity and the admnistration

route. At less than 400 s after the administration, preferably |ess than
120 s, nore preferably less than 60 s after the 30 adm ni strati on,

especi ally preferabl 0 tp 50 s. an i magi ng sequence, i s appl ied that
enbodes ¢ he JOIGRECHPrTrT Sl SBPOT IR ORI FRGToREy A0 Sparog e
sel ect i veswayombiied @4a&dustdafiferDhs@RRMYI M EirfBr MmPERY &IAE &rirforli @RIpbunds
dependent on the volume of interest and on the species. WO

2011/ 029854 P@tichraro rblege dighon @mpick frec pI@TVRNE Bt iews: ical cheletieglageatsoildi ng t o
t he inventioTyg;t }EDQ%pferred to detect signals of 13C fructose, including
all isomers, 1 éé?ructoSe-G-phosphate and 13C-fructose- 1-phosphate. The
one-step netabolismvia hexokinase to fructose-6- phosphate is anal ogous to
the first step of glycolysis. The reaction of hyperpolarised 5 fructose
with hexoki n&gkwgﬁn@lwaﬂ% isppedgshertyayathe PR predind, the IANPragget preferablyse- 6-
phosphat it i - - 6+ te
incIudes?ger%@S?g%ﬁgﬁq@gééeFﬁﬁgﬁgﬂ%ggﬁ%%gﬁgf%%%é%ﬁ?%%?%Eﬁég?gggagggh%lso be
met abol i zed tiquidneontainiap abehyferpbladpidat’ €-frniczoskr Bemokilnesthescacangauhdois t hat
takes place primarjly in the |iver. Using hyperpol arised 13C-fructose as an
i magi ng agenﬂ)rqf%?f%rlfy ¢ign hyerpelatiicdcr ﬁf%i%edlsr ipRdRer fod) v G g BMERE on
the detection,Qf,hYhsrpRaLakt zed fructof uranose-6- phosphate. The enzymatic
conversion of hyperpolarized fructose allows the probing of inportant
changes in glycolytic metabolismupstream of pyruvate, including

upr egul at ed se u ke, hexokinase. act.i vit nd changes. in f|ux through
The Dant oSe MERRENE B S thOTR0 e e pEATRHETs Beal i oS
provided a mphb@A iAfthd et Wi dRE@MeH OR dS4iNGn ANO-ABLO0Y0RBEIGUAAEL SPLA BRI NY
hyper pol ari sed 13C-fructose, wherein signals of 13C-fructose,

13C- f r uct ose280pAbERawbichae: me@phratgst psein by ptfowwpbat e, preferably signal s
of' 3C-fructose and 13C-fructofuranse-6-phosphate are detected. 20 The term

"signal" in the context of the invention refers to the MR signal anplitude

or integral onapegkréed @abédimoni the hpperpelaksedi' fC-Arutdce WRdsipekd mutowhif ettt
represent 13C-fructose, or its netabolites. In a preferred enbodi ment, the
si gnal i 80t hénvsaten df eebtaingd | by sypineice Prdgare RplBEPAHORt Obfa tCRBWVAREtAD IS t he

vent i on, hgnBGKe"CHALL R0 RIOTALR o PRGNS 4 pirTRLATE 1
chelate comprising Gd**. In this preferred embodiment, a solution of the trityl radical
and, if used, the paramagnetic chelate comprising Gd** is prepared. The dissolved
trityl radical and the optional dissolved paramagnetic chelate are added to sodium
25  P*C-fructose and the composition is preferably sonicated or whirl-mixed to promote

intimate mixing of all the components.

The imaging medium according to the method of the invention may be used as
imaging medium for in vitro “C-MR detection, ¢.g. “C-MR detection in cell
30  cultures, body samples, ex vivo tissue or isolated organs derived from the human or
non-human animal body. For this purpose, the imaging medium is provided as a
composition that is suitable for being added to, for instance, cell cultures, samples
like urine, blood or saliva, ex vivo tissues like biopsy tissues or isolated organs. Such

an imaging medium preferably comprises in addition to the imaging agent, i.c. the



I n one enbodi nent, the above-nentioned signals of 13C-fructose and its
netabolites are used to generate a netabolic profile of a living human or
non- humarweannnei293@ bei ng. Said netabolic profile may becimremedsiivom t he
whol e body, e.g. obtained by whole body ypn vivo 13C MR detecti on.

Alternatively, said netabolic profije.is generated froma regjon of
interest, i. ace@r%gaphhwmw%r&aﬁuefpsepars?v t"é%}FlalsrﬁSPHﬁ’ﬁg Elﬁ Yihaunan

ani mal body. u %i fdrCH!\@h:b el %@'tﬁsd@&s@%%' IS B?Q.Iléé BDMRY o@%&ﬁéﬂo‘(%@ C?vagﬂf' a

regi on affect by cancer as netaboli'smof fructose is inplicated in the
VO 2011/02985mﬁﬁﬂ%EﬁﬁﬂmﬂmQ53ﬂgqu&ﬁwpamMﬂgambsn@nakwsmecmﬂvmniﬁpesmamx
cancer, such as e. st cancer state cancer anot he

erbodi rent SRS A TR S oA AN 6P i oF FArgbany e o § bufer
metabol i tes apRtibsedst p geqparhe Br TR aRMel Cplsd | prRrRbccaftdly hebeptabRl |
culture, of sanples like urine, blood or saliva, of ex vivo tissue |ike

bi opsy ti ssueamermxcanlen@@nétfermtbartgv@rﬂldssambmat%@ﬁlm suqir af imagirgsmediam

gener at ed bybupavht ra %%Qggﬁ tqulon Thus in a preferred enbodi ment it
is provided a n&t Sy g1 1 d%?é@ I'on using 10 an i magi ng nmedi um

conpri sing hyperpol ari sed 13C-fructose, wherein signals of 13Cfructose and
Its nmetabolites are detected and wherein said signals are used to generate
a netabolic prghen e iIMsgBReneiyBHACRYAME torike gﬁ&@%r%th%mgﬁ&wm Heehsisddes of

13C-frucggse a?rﬁqaéﬁlg REAR A #8%0 Be-MR detection, i.e. *C-MR detection carried out

on living human or non-human animal beings. For this purpose, the imaging medium
needs to be suitable for administration to a living human or non-human animal body.
Hence such an imaging medium preferably comprises in addition to the imaging
agent, ic. the MR active agent hyperpolarised *C-fructose, an aqueous carrier,
15  preferably a physiologically tolerable and pharmaceutically accepted aqueous carrier
like water, a buffer solution or saline. Such an imaging medium may further
comprise conventional pharmaceutical or veterinary carriers or excipients, e.g.
formulation aids such as stabilizers, osmolality adjusting agents, solubilising agents
and the like which are conventional for diagnostic compositions in human or

20  veterinary medicine.

If the imaging medium used in the method of the invention is used for in vivo *C-
MR detection, i.e. in a living human or non-human animal body, said imaging
medium is preferably administered to said body parenterally, preferably
25  intravenously. Generally, the body under examination is positioned in an MR
magnet. Dedicated *C-MR RF-coils are positioned to cover the area of interest.
Dosage and concentration of the imaging medium will depend upon a range of
factors such as toxicity and the administration route. At less than 400 s after the
administration, preferably less than 120 s, more preferably less than 60 s after the
30  administration, especially preferably 20 to 50 s an MR imaging sequence is applied
that encodes the volume of interest in a combined frequency and spatial selective
way. The exact time of applying an MR sequence is highly dependent on the volume

of interest and on the species.



15 (13C -1 abel | ed conpounds) are used to generate the nmetabolic profile. In
anot her enbodi nent, the spectral signal integrals of the 13C-I|abelled
conpoundswenelwresi4+t 0 generate the nmetabolic profile. | rCamrROION63194

enbodi ment, signal intensities fromsepagate images of the 13C-|abelled
conmpounds are used to generate the nmetapolic profile. In yet another
enbodi ment, thé&ssi iR feﬁﬁcgﬁg inpgthed %ﬁw’f(ﬁ%g to3ibe inysaip Rt Mre%ﬁrﬁgdmgteatr e
obtai ned at R, RN MOLLrHdHR, RRIMiRg @ GBhRH A1E LR E Bl MoSfhahan@e’@f the
13C-| abel | ed ?g?rpoounds. I'n anot her %r?bo&i ment the mstsabolﬁogg Sr ofﬁ(?e

i ncl udes or ifsicpeardriosphatesi e prreestes edetsbgdisal vdat lexokinasee td 3udtatpedd ed
conpounds, e.g. rati.os of signals, corrected .25 signals, or..dynam c or

ot abol i ¢ r aPBOBBAGH A ARSI B DALY i TN caThRAY hReTPRRHsh

nul tiple MR deiRRE vANS heokfhasS PRI ﬁleﬁihobll'ifﬁ)@ﬁﬁted-lﬁ&ﬁ%se,' . rRistHRHR6-

enbodi ment a corrected 13C-fructose signal, 1.e, 13C-fructose to
' 3C- f r uct osepBpirhsishatithins pagands. ahlgnes, de®cridn att és&uetose-6-phosphate includes

"3C-fructose-,1- phospha i | is inecluded into or used to nef.ate, t he
moCabol ¢ oy SFiePRS PR Rl Ranb e b-BR0REE, FRIRs0 ol S A0 rREBETBfro

13C-fruct ose thofri@ba} 1 -pBEsphae hanfredtgkiahsel 8 rdadGdbn R takdd Slady prifatlytif the
generate the netabolic profile with the total 13C carbon signal being the
sum of the siiypial §si8g haerpolyere ed Colsgiownds . an \Wnaging agent cancer can be
2011/ 0298/4P 9 T | i ofji.l.e: ge i 0.
preferr ezée nb%%ﬁ%%&%% ﬁeﬂo‘né?d%oggsggg%r ?ngﬁt g{et ﬁ%ge?tﬁ(\gle nrbteFlr gg&%?%l\g}rll%%g

i nformati on dotefuhhescreplaisphite. Thatusnenid agivensionyo Ohyjidipolinadtyd, frpeode of
t he body, ce:grLls, ssue,. body. sanpl e etc under exam nati og and said

t] .
i nf or mation _9W§)_él1%§’é@31¥1$1 sosiaguahnest dp Flgrolvi gietaogen ysieig of
di seases, monp ienﬂ_lcthﬂﬁn%%%@af&siu%ﬁgég AR (GLAVITY Mol Bease

state or for nitoring t I sease nay be a tunour srnce

t unour ti ssudluxshrosglatheypeotoas plodsphdtz pathbyy.a hi gher netabolic activity than
heal t hy i5ssue. Such a higher netabolic activity can be 10 determ ned by
corrparinﬁ; the netabolic profile of a tunour or of an ex vivo sanple of a

tumour with tings ek pRALIE] BBEdil@nOf iNBRBYVIRY alrh & of ECIMRSYetEQIBAdishE .
tissue or healthy ex vivo tissue) and may manifest itself in said netabolic
profile by hiaghmegigaaasliun comprisigChypdips lhusedc dapgogiags. whiereingignebrafedied
13C-fruct ose .si gnalizgr. hi gh t abol. i r.high fruc e-6- phosphat e
s gnal + or higRR Pt GEb e B RR Sod "XEhnofie; LalPbhyt bRIG:SS RIBAR

of *C-fructose and "*C-fructofuranse-6-phosphate are detected.

20
The term “signal” in the context of the invention refers to the MR signal amplitude
or integral or peak area to noise of peaks in a *C-MR spectrum which represent *C-

fructose, or its metabolites. In a preferred embodiment, the signal is the peak area.

25 In a preferred embodiment of the method of the invention, the above-mentioned

signals of *C-fructose and its metabolites are used to generate a metabolic profile.

In one embodiment, the above-mentioned signals of '*C-fructose and its metabolites
are used to generate a metabolic profile of a living human or non-human animal
30  being. Said metabolic profile may be derived from the whole body, ¢.g. obtained by
whole body in vivo "C-MR detection. Alternatively, said metabolic profile is
generated from a region of interest, i.e. a certain tissue, organ or part of said human
or non-human animal body. Particularly, said metabolic profile may be derived from

a region affected by cancer as metabolism of fructose is implicated in the



Anot her di sease may be ischema in the heart since ischem c nyocardi al
tissue is usually characterized by a | ower netabolic activity than healthy
nyocar di avotnsigness4Agai n such a | ower metabolic activit ycrar2e/odEaber m ned
by conparing the 20 netabolic profile of 44schem c nyocardial tissue with
the netabolic profile of healthy nyocardial tissue. Further, as

13C- f r uct ose PRINPBeNSHR Aty spee stYP?ﬁeOgP%}E?GLb%uéh PSbakr PSRt AangeT jidapioptateat e

t han ot her kggﬂgnagents it may also be useful for neuro applications.

Yet anot her disease may be liver related di seases, such as non-al coholic
fatty liver 25di sease. Another aspect of the invention is a conposition
conprising sodium. 13C-fructose, a trityl radical and aptjonally a , .

par anagnet i c?l?reacngltheiro?fpg Mt F oV dioREhS1eE 8?cohﬁ%%qt?ﬁ>éoﬁn%d%ri ses
13C- fruct 9semaatolitdsYdre et €Rlgemdtbhe OPMcRMBIiE Yr¥ilPVITABYINLt EclMBllRle, &N. N
a preferred enbodi nent, said I3C-fructose is [2-13C]-fructose. In another

preferred enboupleedike uhicd bloodtan saliali efabx ivivoatissue tike biepyctssuofor fadramul a
(L) el AR GRSy e BORCp B ER AN By 5 B EPEraR ddfign same

nore prefer a%ﬁoy rai nc group,
2011/ 029854PCT/ EP2010/ 063194 21 nost preferably nmethyl, ethyl or isopropyl;

or RL is preferably the sane, nore preferably a stra%/%ht chain or branched

G - C4-al kyl dhss dprederredsebosimpentut idpmyidsha methedef [ CgMBuktestioarusing
ferably - CH2-CH?- OH; ;. i v : 3
Pores oot b otk Eig Ataith cBihptiSp b ahARed. T ARIRe AL ARIAARYS -

conprises a pactsagndtitc nneitalitdsome dnectshiadd palicaciagsaed isgnaBt ade used fos
preferably a conmpound conprising Gd3 as a paramagnetic netal ion,

pref erably agﬁ%qr%tﬁédﬁeéﬁl?g})cd’ﬁ%tllﬂﬁte conprising a chelator and Gdn as a
paramagnetic nmetal ion. Suitably, said conposition further conprises a 10
sol vent or solvents; preferably an aqueous carrier and nost preferably

wat er i s usednase embodivent, theTipectafl oigarkintdnsities of bAplsitoseomd itanethelitssed f or

ol ar 1 satf on ( DRBYHES RomDRIgY gBi Broeb i FERTe e ettbolie MVUEREr “aepce of
the i nventi 0RpbSdidnHO RO ShdctRNsi UIMtE SRS MNP ECPRbEIISBehpounds are used to
generate the metabolic profile. In another embodiment, signal intensities from
separate images of the *C-labelled compounds are used to generate the metabolic
profile. In yet another embodiment, the signal intensities of the '*C-labelled
20  compounds are obtained at two or more time points to calculate the rate of change of

the "*C-labelled compounds.

In another embodiment the metabolic profile includes or is generated using
processed signal data of the *C-labelled compounds, e.g. ratios of signals, corrected
25  signals, or dynamic or metabolic rate constant information deduced from the signal
pattern of multiple MR detections, i.e. spectra or images. Thus, in a preferred
embodiment a corrected *C-fructose signal, ie. “C-fructose to "“C-fructose-6-
phosphate signal and/or *C-fructose to '*C-fructose-1-phosphate signal is included
into or used to generate the metabolic profile. In a further preferred embodiment, a
30  corrected C-fructose to total *C-carbon signal is included into or used to generate
the metabolic profile with the total '*C-carbon signal being the sum of the signals of

BC-labelled compounds.



sodi um 13C-fructose, optionally a trityl radical and optionally a
paramagnetic netal ion, wherein said conposition is obtained by dynam c
nucl ear pwbaniigapssen. When preparing the composition CORPTIEPR019/063194

hyper pol ari sed sodi um 13C-fructose the tghtyl radical used a DNP agent may
optionally be renoved. as a_final step. 20 Yet another aspect.  of the

i nventi on isTﬁﬁp@@BgP%ﬁ%@els@mt tBste predyresdasmpogiment of; thec sghod vt

anot her as pe%&e&ﬁin%% {HRVEDLARA hdyvRRs iiHR)%Qt%I{T%?é)#WhE OfREbSE Gtatus and
25hyper pol ari zed 13C-fructose, preferably [2-13C]-tructose. The I magi ng

medi um accor ditmgtyt oftthe bodyertartonf nhy telyusels,asssumadody saeglaretd mnddC- MR

detection. Brief.descriptio .gtf t he dravm'p) s: 30 Figure 1. Th[e r¥echanism
for transpor EHYNAIRRrant 41 HElOFPan iy Do rishlrBpbIHRMHIBFILE FER 185 e Bo
fruct of ur §n0$&nﬁfﬁﬂgﬁi§@@%§ ng%itfé@iﬁg kh@8se dfiadiiéc@sandifediatiifinl a ARRgance

spectrum of fructose (a) and DNP spectrumof [2'3C]-fructose (b). The

| i near form isgtqerdeemonitering@c@BNP spectrum but at a very low WO

2011/ 029854PCT/ EP2010/ 063194 22 | evel anal ogous to the thermal spectrum
(Top) Structures of each of the isomers are shown with their anal ogous

resonance. FiSguli @ dscal@maPpprct tumowRfsidoeuaioaetisseadt asualyt dhadQRdzed by a
hexoki nase, the zooned in 5 regi on denonstrates the resonances

cor r espondi ndighsr metbe li¢astyity thanchophtiye tigsis- Suchpryghm apcsabolis pctiviey eaprken ¢
spectru ft i L1 i 1as ectrum
of “sarm 401 uEPsIEET by RbebBRAL LR hbdARRE nmolf br 3 R Eh BT BRES) T
wei ght ed i ma@é€ aciimaunmodértht elegabodit erefilage htRAVPisyoe $eg psuwwsiiatiag 13steusr .

(b) Resonances corresponding to fructose and | 3-fructopyranose and. .
conposite | 3 healiet o GPaneuee 6@%6@@5@%@%5@%% g rBTtolGRal I B Siun as

a result of %Q@Wfit%mtﬂﬁﬂéﬂeﬁecofrﬂﬁéﬁh&s@r hih @64EQEd ”@%rué?%%e?éi%{a? oftth

| actate reso ces fromthe sane l'ocations obtained after yper pol ari zed
pyruvat e i n nmabodoeatonwsbigh fructose-6-phosphate signal, or high fructose-6-phosphate to

15  fructose ratio.

Another disease may be ischemia in the heart since ischemic myocardial tissue is
usually characterized by a lower metabolic activity than healthy myocardial tissue.
Again such a lower metabolic activity can be determined by comparing the
20  metabolic profile of ischemic myocardial tissue with the metabolic profile of healthy
myocardial tissue. Further, as "*C-fructose will likely cross the blood-brain barrier at

a greater rate than other known agents it may also be useful for neuro applications.

Yet another disease may be liver related diseases, such as non-alcoholic fatty liver

25  disease.

. . . .. .. . 13
Another aspect of the invention is a composition comprising sodium ~C-fructose, a

trityl radical and optionally a paramagnetic metal ion.

30 In a first embodiment, said composition comprises '“C-fructose, a trityl radical and
optionally a paramagnetic metal ion. In a preferred embodiment, said '*C-fructose is
[2-"*C]-fructose. In another preferred embodiment, said trityl radical is a trityl
radical of formula (1) wherein M represents hydrogen or sodium and R1 is

preferably the same, more preferably a straight chain or branched C;-Cs-alkyl group,



15 Figure 5. 13C spectroscopic i mage of a TRAMP nouse, showi ng differenti al
upt ake and netabolismof fructose within tunor as conpared to surroundi ng
beni gn tiweuesl/02b3onances correspondi ng to the | 3-fructopmranosesiand
conposi te |3-fructof uranose6-phosphate apg |3-fructofuranose are shown. The
| i ght grey area dermntrat S egi on of dffus tuno onpared to the
beni gn dar k @mé { Piglera I(Yamsﬁw rethyper éﬁPP’E%’éf WnBiisie %?%Eﬁbg)t &e same PAtfent i on

is illustrat %/khes‘u]c %1"[ Qﬂ‘élﬁ'gr ﬂt%ﬁcﬂe'dr@ LEPRIK ng@m% Ghich 1§/\lest1tutedb one
2011/ 029854P /EP2 10/ 063194 23 Exanpl es Exa Hyper pol ar i zatl on of

fructose A AyGwkgbgioupomost prefeiddy CHe($heOKll soRdcis fbfambibthegsan@Hnd n

wat er cont ai ni n%WS 1&%& §3%Iglr| tyl radical (Oxford Instrunents) was

hyper pol ari z&®" e i'nstrument (Oxford Instrunments) as described
by Ardenkpaer-Larsen et al (2003) Increase in signal-to-noise ratio of >

10,000 tines in liquid-state NMR Proc. Natl. Acad. Sci. U S A 100,
10158- 10163. Imheotheropreferisd repibedivagnt dhidsrompesition cqzmmmssqam@ammén@@ll

sallne(PBS) V\ntharesulta a transfer ed 10 .] g;hatelyto
2 | Omm VR ¢ ik and yitg pigghiavdilic de%ﬂaploﬁwhpfe%fer%‘g% Omrp8“ne$? PR G 8 o1 7T
Vari an | NOVApspeRibh&iehetal ioh2iidzably&paMatagadtid d}&tawaﬁﬁﬁrss)ingw thitgatar 4fdm
15-/ 31 INPi|3C triple- tuned direct detect probe. Initially, a thernal

spect r um was Gt qét PeRiTFBIEIStR R apn18uiEln oﬁahic@omwéms@r@awr@pﬁlws BX PBS
f f
buf f er af 37 gol(fgﬁt ogosg?ﬂjgﬁé\@%%qgtﬁy all %qﬁ&%g QEH}B_ﬁd ?rﬁ)'st tﬂhg%\,n 1? ﬁ%edu sing

an Ernst angle pulse grees I'gure enonst ra atura
abundance 13@s sqnemlfzemm dfhef aﬂmm&monardhecc@pc:saromncmast&namerbsfocowteiﬁmgnd to

Lhe 1 someri c 01 StipBuLl oo 1% Lue L1, [ orme (Y anoss i thilh SIRSe

high polarisation level.

15  Yet another aspect of the invention is a composition comprising hyperpolarised
sodium "*C-fructose, optionally a trityl radical and optionally a paramagnetic metal
ion, wherein said composition is obtained by dynamic nuclear polarisation. When
preparing the composition comprising hyperpolarised sodium C-fructose the trityl
radical used a DNP agent may optionally be removed as a final step.

20
Yet another aspect of the invention is hyperpolarized *C-fructose, preferably [2-

BC]-fructose.

Yet another aspect of the invention is an imaging medium comprising
25  hyperpolarized "*C-fructose, preferably [2-°C]-fructose. The imaging medium

according to the invention may be used as imaging medium in *C-MR detection.

Brief description of the drawings:

30  Figure 1. The mechanism for transport by GLUTS5 and the first step of metabolism of

fructose to fructofuranose-6-phosphate by hexokinase.

Figure 2. The natural abundance spectrum of fructose (a) and DNP spectrum of [2-

BC]-fructose (b). The linear form is present in the DNP spectrum, but at a very low



For the acquisition of hyperpolarized 13C spectra eighty pul se

hyper pol ari zed 13C NWMR spectra (1 average, spectral w ndow = 30000 Hz,
nunber ofwpannmess30000, TR=3.5s, acq tine= 0.5s, total PaTEPRONB63IL i N
55s) were acquired using a 5 pulse and pspton decoupled using a waltz-16
decoupling schenme. Hyperpol arized studies 25 were follo by acqui sition
of thermal d %Vg%lwuﬁ&&w qrpahincetsim fdoR hatragtures ag?%g%gt@dsqmﬁsam e and
a repeat ti n@h&ifnmgﬁ@iyaﬁa@d%ou;{]es' Sancd R=76s, nt=64). T1 's were determ ned
by perform ng a nono-exponenti al ?it to the signal decay curve of the

hyper pol ari zed conmpounds. Signal enhancenent percent polarizations were

cal cul at ed by..conpar | he erpol ari zed. an hernal . data sets and
Cetonnti ng £ EiS00ae Pakcmm PR SR i Sy PERCRkiRE B Gomed™ sor i o
state pol 9_” £ i&r@ﬂ!@m&ﬁ%ﬁﬁte@ﬁie%io%faﬁéi;sQMH@@"oh@iﬁgit@ﬂletfh%tc%E haneaee-6f or the

transfer time Tromthe polarizer using the Tl decay. 24 Exanple 2: NWR
studi es of mmphespbhicsh) U dyndnpiR3prdtigreibs e serop! MM ROs twith lesxolshasdh &)

21301 uct 28 g el BERTRe 0wt bFh R RAC IO G MR GHRERRE e
presence of 15nM ATP, 50mM TRI S and 13mM MgCl2. The 5 | abelling and

nmechani sm for_t ran(sj(port and netabolismis shown bel ow (Figure 1), though in
this enzynat ifégue Aoy Thecighipddpaes okt Bwderatchaltheese T eonstPeHdCenzyne
activity s, nde I . P [ hg t ct ose- 6-
phosphat é&ﬁert%tﬂc?rdgoﬁlt?%g !Q%aé%%sggi%%gé&%% %tha %gqgsgﬁ aﬁ%ﬁﬁgda{) (:I)lrolges%)l{edét_rum usi ng
a simlar SeTco@lfaoﬁ%gﬁfm%mr&{os%tlﬂf@ﬁlﬁlﬁesand fradtofirtits aic shbwatdddirgsiwer e
performed using a 3T CGE Si g?]relaTM scanner ( Heal t hcare, Waukesha, W)

equi pped wi t lof nistabign (from thedostosa injegioot (co Byl andlabive eespaankegiaom

Sol ution spectra re. acquired.using.a 5 non | pcalised pulse, TR=3s and fit
Lo a monoexpdiiehficarcapeobtid e idrso zeEPauiF IR ot aeis 1

dual -tuned 1H 13C coil with a quadrature 13C channel and |inear 1H channel
construction based gn an earlier design and also used in 13C pyruvate nouse
i magi ng 38 udiFégnre For Caneatigscapicianass of TARAYIGeauge fhewingdiffesate urtikges wer e
acquired pri i : t he
Fagiion of i b BRTm S HELERpRuATIALE. AARARK BB TR NSl 80
conpressed s®esoridgceiuioblcsponing t8theP VRShy @G add idtcotpos B c@surpicel ousl y
publ i shed by Hu S et al. (2008) Conpressed sensing for resolution
enhancenent &fpheyphatealddi-itpe@iurd®@st ayhhekn3Dhavigt grely vy AcrRenstntes 92,
258-264, with a TE.=.140 ns, TR=21 FOV =.8 cm x 8 and 16. x 8

esol uti on. - SOt GO RPIt P ans broen il EfyAdamun by ot e

descri bedgby nyuReposiie)et al . (2008) Hyperpol arized 13C | actate, pyruvate
and 25 al ani ne noni nvasi ce bi omarkers for prostate cancer detection and
gradi ng. Cancer Res. 68, 8607-8615, for [1-13C] pyruvate in a transgenic
nodel of pro . r. RAM[D Jnpect.ion pnpared to the
standard [ 1- %gﬁ%fﬁﬁ@gﬁéﬂ}gsnjaéc Qyotgg?@foﬁlhgh@g%ggt\llriﬁ(%%&ﬁ)rll&a tunor region of
interest. 30Results:




Calculated T, 's for the C2 fructose carbon are tabulated in Table 1 at
both 11.7T and 3T. There is a slight decrease in Tl rel axation of the

car bon ofwonveresssswi t h decreasing field strength. Ther @eCnaEP20m0/0631gHi f i cant
difference in Tl between the isomers of jfuctose. Percent polarizations
show sim |l ar values for the isomers of WD 2011/ 029854PCT/ EP2010/ 063194 25
fructose witKX30H¥eges on the order of 12 % There was no T1 dependence on
pH observed for pH ranges 5.9-7.8 for fructose. Table 1: T1 relaxation
times at 11.7T and 3T and percent pol arization for each 5fructose isoner

| somrer T1 seExainpld T) HyperpotariZaTipn % Gtucfaser r ect ed) B-fruct opyranose 16.30.5
14.50.3 12. 0% %O%I fsgllljlﬁtog folflli?fﬂ%i?fructose (Isotec, Miamisburg, OH) in water containing

5 15mM 0OXO063 trityl radical (Oxford Instruments) was hyperpolarized on a
Hypersense instrument (Oxford Instruments) as described by Ardenkjaer-Larsen et al
(2003) Increase in signal-to-noise ratio of > 10,000 times in liquid-state NMR. Proc.
Natl. Acad. Sci. U.S.A. 100, 10158-10163. The frozen sample was dissolved in 1X
phosphate buffered saline (PBS), with a resultant pH of 7.6, and transferred

10  immediately to a I0mm NMR tube.

11.7T NMR Studies: NMR studies were performed on an 11.7T Varian INOVA
spectrometer (125MHz "°C, Varian Instruments) using a 10mm "“N/*'P/"*C triple-
tuned direct detect probe. Initially, a thermal spectrum was acquired for a natural
15 abundance fructose sample in 1X PBS buffer at 37°C (nt=9000, sw=30000,
np=30000, TR=3.5s, acq time= 0.5s) using an Ernst angle pulse (45 degrees). Figure
2 demonstrates the natural abundance *C spectrum of fructose, The C, carbon
resonances correspond to the isomeric distribution of the two ring forms (pyranose
and furanose forms) of the fructose molecule.
20
For the acquisition of hyperpolarized "*C spectra eighty pulse hyperpolarized *C
NMR spectra (1 average, spectral window = 30000 Hz, number of points= 30000,
TR=3.5s, acq time= 0.5s, total acq time = 2 min 55s) were acquired using a 5° pulse
and proton decoupled using a waltz-16 decoupling scheme. Hyperpolarized studies
25  were followed by acquisition of thermal data using nearly identical parameters, using
a 90° tip angle and a repeat time of roughly four Ty’s (TR=76s, nt=64). T,’s were
determined by performing a mono-exponential fit to the signal decay curve of the
hyperpolarized compounds.  Signal enhancement percent polarizations were
calculated by comparing the hyperpolarized and thermal data sets and accounting for
30  differences in tip angle and transients obtained. Solid state polarizations were
calculated by correcting the enhancement for the transfer time from the polarizer

using the T, decay.



15.80.5 13.42.5 11.62.5 A-fructofuranose 15.50.5 13.40.4 11.82.0 The
reaction of hyperpolarized C2-fructose wth hexoki nase yields the

phosphor wWaetzet/pesstose wi t hi n seconds. Figure 3 denonst pararP2eilopcionver si on
10 within 5 seconds after addition of fryctose to the hexokinase in buffer.
An expansion_of the_ downfi el d reglon of the spegtrum (figure 3a) shows the
split in theExample2 NMR studiesof mgtabolism using {2m Cl-frugtasers phot h' t he
13-fructo-f U"F?P RAER AR tﬁﬁ étﬁ%@&%‘ﬁ dﬁ‘f%&%&é‘ﬁt ﬁuctgée%l Bﬁosﬁh@tbso
conpares the first scan o perpo ari zed acquisition (

versus the t hgperpblaspaci2-d rﬁ]a&uplnmseewam\/react% withn LA08§) pxﬁsluexﬂ)BlnE)NP (signgiur e

{1 Uct ose. o- pROGHTALE BacPRErS of S M| Shber et ddfaiel tovt Somai s to 07

fruct o- pysan@aRilink Sldr @céhadBAPRStFALSSH RE nl¥Rib8Rgh i Bhdwd b@mvna:@ﬁpq?ate
i njections of 80n§|20 hyper pol ari zed fructose (Figure 4b) and pyruvate

(figure 4c) ithpughensthisecrpRAwAC rﬁﬁuﬂs'etheTm@Sp@rit mnyeﬁrmwe@mmownmmeat es
ooy oy a o AP SR b BEH AL ot LeSRuh PR @ PRl Gpect e
13-fructo- fu?ﬁ&%@wﬁwﬁfw&&hﬁﬁ&i ua@gawaﬁtdrmleabmmd €arbéit ispe@funt,hesifig UCt ose
pyranose to furanose in solution is approximately 77/23, the in vivo peak
at 25 105. 5ppinitaset affexperangntd naFEndinst r eam 108. 25ppm r esonance) i s
nmainly dyg to fructo-furanose-6-phosphate. In this early-to-noderate stage
TRAMP tunor, both high levels of LDH activity and possi bl e hexoki nase
activity wer 871viSaukdst ZBd sthics eesre ppaforniil exstingora BT GEeSigaa’éﬂ @cﬁﬁiBt:c(GFoxel S.

This was then taken further apd applie nor. e use prostate t
(Figure 5). Frafthes. Walebenbi Chpaal v Rt Tkl Secfokop)™

hardware package. Solution spectra were acquired using a 5° non localised pulse,

TR=3s and fit to a monoexponential. The RF coil used in these experiments was a
15  dual-tuned 'H-"C coil with a quadrature *C channel and lincar 'H channel
construction based on an carlier design and also used in *C-pyruvate mouse imaging
studies. For animal studies, Tp-weighted fast spin echo images were acquired prior
to MRSI studies to denote anatomy and place voxels on the region of interest. In
vivo MRSI studies were carried out using a compressed sensing double spin 3D
20  MRSI acquisition scheme as previously published by Hu S et al. (2008) Compressed
sensing for resolution enhancement of hyperpolarized 13C flyback 3D-MRSI. J
Magn Reson 192, 258-264, with a TE = 140 ms, TR=215 ms, FOV =8 cm x 8 c¢m,
and 16 x 8 resolution. 500 pl of 80 mM [2-"°C]-fructose was injected similar to
described by Albers MJ et al. (2008) Hyperpolarized 13C lactate, pyruvate and
25  alanine: noninvasice biomarkers for prostate cancer detection and grading. Cancer
Res. 68, 8607-8615, for [1-"°C] pyruvate in a transgenic model of prostate cancer
(TRAMP). These injections were compared to the standard [1-"°CJ-pyruvate

injection for the same voxel in a tumor region of interest.

30  Results:
Calculated T,’s for the C; fructose carbon are tabulated in Table 1 at both 11.7T and
3T. There is a slight decrease in T; relaxation of the carbon of interest with
decreasing field strength. There was no significant difference in T; between the

isomers of fructose. Percent polarizations show similar values for the isomers of



WO 2011/ 029854PCT/ EP2010/ 063194 26 resonance corresponding to the conposite
13-fructo-furanose and 13-fructo-furanose6-phosphate were higher in the
regi ons oVodnfifazgss4t unor as conpared to surroundi ng benipgm/HP2EI®WEH4 | N turn
the ratio of this resonance to the 13-fr topyranose resonance i s increased
relative to the surrounding tis 1. Met hod, of 13C- MR detection
using an i madiu§ Smﬁﬂuﬁ*ﬁe&a&%wé?ﬁ@rmﬂér %ar §EVanee fly lepglencason phihe
met hod accorgiog@vgdofog ﬁlrgﬁ% whes Qig, fhghal s of 13C-fructose,

13Cfruct ose- 6- phosphate an f 13C-fructose -1-phosphate are detected. 3.
The met hod according to clalns 1 or 2 wherein said signals are used to

e e hea BB PO SR iRon, eyt 1haINRdIal cbd: suean pstitin dan et S "

profile is ampBiAbRbLhferprofile of a living human or non-human ani mal bei ng.
5. The method according to claim 3, wherein said nethod is a nethod of in
vitro 13C MR detection and said rretabolic profile Is a nmetabolic profile of

cells in ac¢ bUILUIC, 8 0o0aYy es; VO Li\g"c r—of—an

i sol at ed oqu ®. Cconposi th‘Wcébmry ng 1L1)1:§E',c ?‘néct ose, a{‘f]‘t’?li\tf‘iflre?%@ clal

and opti onal lpyfr@tORramRENel 1¢3ppsal 1on. | 14.5+0.3 12.0£2.2
B-fructofuranose 15.8+0.5 13.4+£2.5 11.6£2.5
A-fructofuranose 15.5£0.5 13.4£0.4 11.8£2.0

The reaction of hyperpolarized C,-fructose with hexokinase yields the
phosphorylated pentose within seconds. Figure 3 demonstrates the conversion
10 within 5 seconds after addition of fructose to the hexokinase in buffer. An expansion
of the downfield region of the spectrum (figure 3a) shows the split in the 105.5ppm
resonance, which is a combination of both the B-fructo-furanose and the B-fructo-
pyranose-6-phosphate. Figure 3 also compares the first scan of the hyperpolarized
acquisition (figure 3b) versus the thermal spectrum acquired over 85 minutes post
15  DNP (Figure 3c¢). It is apparent that the enzyme has now fully converted the fructose
to fructose-6-phosphate and there is no longer a resonance corresponding to -

fructo-pyranose.

Figure 4 demonstrates the metabolism following separate injections of 80mM
20  hyperpolarized fructose (Figure 4b) and pyruvate (figure 4c) in the same TRAMP
mouse. The primary TRAMP tumor demonstrates high levels of hyperpolarized
lactate, as well good signal to noise spectra of hyperpolarized spectra of fructose and
it’s metabolite B-fructo-furanose-6-phosphate. Because the isomeric ratio of the
fructose pyranose to furanose in solution is approximately 77/23, the in vivo peak at
25  105.5ppm (and if visible the downstream 108.25ppm resonance) is mainly due to
fructo-furanose-6-phosphate. In this early-to-moderate stage TRAMP tumor, both
high levels of LDH activity and possible hexokinase activity were visualized 15 secs
post-injection in the same 0.035cc voxels. This was then taken further and applied to

a more diffuse prostate tumor (Figure 5). The MRSI data demonstrated that the



7. The conposition according to claim6, wherein said 13C-fructose is

[ 2-'3C] - 25fructose. 8. The conposition according to clains 6 and 7,
wher ei n swodopanesmagnetic netal ion is present and i S aPRAERIWGNEIIDL
chel ate conprising GJ3' WO 2011/ 029854KCT/ EP2010/ 063194 28 9. The
conposi tion according to clalms ﬁ to 8, wherein ald trlﬂgl radical is a
trityl radic éq:sowncpcppﬁﬁﬂé)n togfhe gpmpasite - fructo ranose and B-fructo-furanose-

6-phosphate were higher in the regions of diffuse tumor as compared to surrounding
benign tissues. In turn the ratio of this resonance to the B-fructopyranose resonance

is increased relative to the surrounding tissue.



10. 11. 20 12. (1) wherein Mepresents hydrogen or one equival ent of
a cation; and Rlwhich is the sanme or different represents a straight chain
or branchwd 2@it/G8ssal Kyl group optionally substituted byPom&EpPer10m63184
hydroxyl groups or a group -(CH2)"-X-R2, ,swherein nis 1, 2 or 3; Xis O or

S, and R2is a lsat,lilgti ght chain or branched G -C4-al kyl group, optionally
Liaims

1. Method of ""C-MR detection using an imaging medium comprising

hyperpolarised '*C-fructose.

2. The method according to claim 1 wherein signals of "“C-fructose, "C-

fructose-6-phosphate and/or '*C-fructose-1-phosphate are detected.

3. The method according to claims 1 or 2 wherein said signals are used to

10 generate a metabolic profile.

4. The method according to claim 3, wherein said method is a method of in vivo
BC-MR detection and said metabolic profile is a metabolic profile of a living
human or non-human animal being.

15

5. The method according to claim 3, wherein said method is a method of in
vitro PC-MR detection and said metabolic profile is a metabolic profile of
cells in a cell culture, of body samples, of ex vivo tissue or of an isolated
organ.

20
6. Composition comprising C-fructose, a trityl radical and optionally a

paramagnetic metal ion.

7. The composition according to claim 6, wherein said “C-fructose is [2-"°C]-

25 fructose.

8. The composition according to claims 6 and 7, wherein said paramagnetic

metal ion is present and is a paramagnetic chelate comprising Gd*".

30



substituted by one or nore hydroxyl groups. The conposition according to
clains 6 to 9 for use in dynam c nucl ear pol arisation. Conposition

conpri si nyohypenpsshari sed 13C-fructose, optionally a tripcylEre@diocab4 and
optional ly a paramagnetic netal ion, whepgin said conposition is obtained
by dynam c nucl ear_pol arisation of the conpagsitjon of clains 6 to 9.

| magi ng nmedi dm corTﬁ)‘Fi°§PW851H9%éP%111§8it%égal@?sé-tpr%c"t’l%%%m sapgirityl radical is a
2011/029854PCT/EP%Q%pﬁgﬁgpgﬁ;ggmé%l)Inaging medi um conpri si ng
hyper pol ari sed 13C-fructose Por use in the method of clains 1 to 5. 14.
Hyper pol ari sed 13C-fructose. 5
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5
wherein
M represents hydrogen or one equivalent of a cation; and
R1 which is the same or different represents a straight chain or branched
C;-Ce-alkyl group optionally substituted by one or more hydroxyl
10 groups or a group -(CH;),-X-R2,
whereinnis 1, 2 or 3;
X isOor S; and
R2 is a straight chain or branched C;-Cs-alkyl group, optionally
substituted by one or more hydroxyl groups.
15
10.  The composition according to claims 6 to 9 for use in dynamic nuclear
polarisation.
11. Composition comprising hyperpolarised '*C-fructose, optionally a trityl
20 radical and optionally a paramagnetic metal ion, wherein said composition is

obtained by dynamic nuclear polarisation of the composition of claims 6 to 9.

12.  Imaging medium comprising hyperpolarised *C-fructose.
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13.  Imaging medium comprising hyperpolarised '*C-fructose for use in the

method of claims 1 to 5.

14.  Hyperpolarised *C-fructose.



