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25  soluble paramagnetic metal chelates, for instance gadolinium chelates like
Omniscan™ (Amersham Health) 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) if administered into the vasculature. They are also
cleared relatively rapidly from the body. Gadolinium chelates have been found to be

30 especially useful in increasing the detection rate of metastases, small tumours, and
improving tumour classification, the latter by allowing the differentiation of vital
tumour tissue (well perfused and/or impaired blood-brain-barrier) from central
necrosis and from surrounding oedema or macroscopically uninvolved tissue (see
for instance C. Claussen et al., Neuroradiology 1985; 27: 164-171).

35
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
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30
It has to be stressed that the signal of a hyperpolarised imaging agent decays due
to relaxation and — upon administration to the patient’s body — dilution. Hence the T,
value of the imaging agents in biological fluids (e.g. blood) must be sufficiently long
to enable the agent to be distributed to the target site in the patient’s body in a

35  highly hyperpolarised state. Apart from the imaging agent having a high T, value, it

is extremely favourable to achieve a high polarisation level.
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Thus, viewed from one aspect, the present invention provides a method for
producing a liquid composition comprising hyperpolarised "*C-pyruvate said method
30  comprising
a) forming a liquid mixture comprising a radical of formula (1), **C-pyruvic acid
and/or "*C-pyruvate and freezing the mixture;
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it to obtain a liquid composition; and
d) optionally removing the radical and/or reaction products thereof from the liquid
composition.
15
The terms “hyperpolarised” and “polarised” are used interchangeably hereinafter
and denote a polarisation to a level over that found at room temperature and 1 T.

A radical of formula (1) is used in the method of the invention
20
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20 another preferred embodiment, R1 is the same or different and represents a straight
chain or branched alkoxylated C;-C4-hydrocarbon group carrying a terminal
hydroxyl group, preferably —CH,-O-C,H,OH or —C,H4-O-CH,OH. In a more
preferred embodiment, R1 is the same and represents a straight chain alkoxylated
C4-C,-hydrocarbon group, preferably methoxy, —-CH,-OCHjs, ~CH>-OC;Hs or ~CH,-

25  CHx-OCHzs, most preferably —CH>-CH-OCHs.
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synthetic route that relles on the protection and activation of a carbonyl-containing

30 starting material as an S,S-acetal, e.g. 1,3-dithian or 2-methyl-1,3-dithian. The
dithian is metallated and reacted with a methyl-containing compound and/or **CO,.
By using the appropriate isotopically enriched '*C-component as outlined in this
reference, it is possible to obtain *C,-pyruvate, '*C,-pyruvate or "*C,,-pyruvate.
The carbonyl function is subsequently liberated by use of conventional methods

35 described in the literature. A different synthetic route starts from acetic acid, which is
first converted into acetyl bromide and then reacted with Cu*CN. The nitril obtained
is converted into pyruvic acid via the amide (see for instance S.H. Anker et al., J.



For 13C-pyruvate water is preferably used as a

co-solvent. Further, it has been found that higher
w@odoanised i on | evels in step b) are achi eved wWenNOh@5/000281

m xture upon cooling/freezing forns a gl ass rather

than a crystallized sanple. Aga n, the formation of a

9' s @hérﬁv\@mam@@s)emﬁ SRS TRAGHRE Chein chamuaditear), 1025).

npound t'o be pol d. 13C
a gﬁw@megﬁ&-@yrﬂw@ aeh A %bat%lhgg BY Bralons g E;D/@%le;g%@@da"able

in s*oaﬁnmt:tt%vate e bl MEERbIhgA de¥diDRE EUStg2eert 830 alo7.

is soluble in 13& pyruvic acid. 13C pyruvate is a sal t
and a liquid mxture of an aqueous sol ution of

513 QyRythEVat SyARs ailzld Qﬁﬂ/@apC%Mvafe% Uééd infhémethod of the mventlon
crystallized samp on freezi n% r%devent t
R

i s Iy ¢%R?nf16ntélﬂ‘dh? o erplove {mRl g ﬁO%eB% '@o&apyfuv'c

gl g, fEnTet Sytuviceact i¥ %%f@ﬂablyﬂfs@@éﬁ@dlIlthdqﬁlx@ké/ @@éferably a liquid
Hence i n one enbodi nent, &F\éru ate | di ssp
S

watsottiog I%fefra%bxéweaa%%@@d VIUGR 25ia T @HICEHP 5 ol Sotuble in
?I y‘f@-‘b?ﬂuv%{éﬂ:noo mdndf’@ltpl/wvatefamﬁrdgé% 6yrudio kbyidtindatt pastistesco-
0 orma m Xture accordin

10ots9b@nbATersEd {0 (PERE IGHId iU, mf%fgaﬁﬁfye% %ﬁ%ﬁ%wm{f has been
13%@%{ tlghé’{ l‘hef%ﬁbcﬂass @lf ﬂ\%ddogéﬂsaﬁc{?ﬁn %téiﬂo)sahg\tmﬁ thaleével of polansatlon
co I ne 0 orma | m Xt ure ac 0 .St
of 1% HEPSRSIERLRI e COMPOHRA ke Ralensed And e dgaﬂL?%PQ fpntimate
errﬁqgﬂta&gw%th eéacotﬁw Héh@e el dd- mnﬂlsfp@éfemly aié@—solvent or co-
Cco I ne

uj d xtu e ac n
o DT HEbRsR U Serehen b, Bl B eseP P ARSI e C-
15CoNRpuREs Ea1*dpyRokicayast iDprefsrebly Usedragasoksoient.i n
the art, such as stirring, vortexing or

soni fication. The |i quid m xture of step a) according
t o RMemﬂ Hxeheeh félhﬂ thmﬁgﬁe‘r (pmaﬂmfoanamlymmn l8)i e abhieved

di fe
{0 oy PR At Sl Mol Bl Sl el DY 0L 00 M o crvtgiizes
tffﬁssianm@fﬁﬁjaﬁb lthe fbAmétionlof argdgsadibeak. mdr iftnsaté eentattatie radical
a

b ti f I t f _
20 e SEBPIRcE Hel RPNt 2T Bt P ageg SHegger and i
an}lhétfe‘ﬁortéfpréférébwajsed irotive \nesthod I_gfethadmeemmb Maenever the radical is
pol ari sat i nce

PoVEHHS e Gy Bt et B St A 1l bty 2n aqueous
m xdaluteniof gt mpua)te ehd b hadicat wibesalt har chystgllltem $dmple upon

B R BrvoR e R BaD o SO RHRES R R P oo
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freezing the liquid mxture in
Hence in one embodiment, *C-pyruvate is dissolved in water to obtain an aqueous
solution and a radical, glycerol and optionally a further co-solvent are added to form
a liquid mixture according to step a) of the method of the invention. In a preferred
30 embodiment, *C-pyruvic acid, a radical and a co-solvent are combined to form a
liquid mixture according to step a) of the method of the invention. In a most
preferred embodiment, "*C-pyruvic acid and a radical are combined to form a liquid
mixture according to step a) of the method of the invention. Intimate mixing of the
compounds can be achieved by several means known in the art, such as stirring,
35  vortexing or sonification.
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The sanple bore is preferably seal able and can be
ZSeV amesDEB téchnioque npfoeexampls descripedpm B&3-Ar 885827 2tdnd in WO-A-

d(ﬂ:ﬁégggf bcg'{ﬁ wﬁ ch g‘fg ?1‘% reé ?ﬂpéégreﬁh? ﬁere rﬂ\%ﬁgﬁ%&ﬁﬁ% moderate or
| ntmlgld magngtmf@dwandsawhryam temperature are used in the DNP process, e.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 of the method of the invention, the DNP process is carried out in liquid
helium and a magnetic field of about 1 T or above. Suitable polarisation units for
carrying out step b) of the method of the invention are for instance described in WO-
A-02/37132. In a preferred embodiment, the polarisation unit comprises a cryostat
35 and polarising means, e.g. a microwave chamber connected by a wave guide fo a
microwave source in a central bore surrounded by magnetic field producing means
such as a superconducting magnet. The bore extends vertically down to at least the



a renovabl e sanpl e-transporting tube can be contai ned
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In step c) of the method of the invention, the frozen polarised mixture is dissolved in
a buffer, preferably a physiologically tolerable buffer, to obtain a liquid composition.
30 The term “buffer” in the context of this application denotes one or more buffers, i.e.

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
35  (KH,PO4/NaHPO,), ACES, PIPES, imidazole/HCI, BES, MOPS, HEPES, TES,
‘ TRIS, HEPPS or TRICIN. More preferred buffers are phosphate buffer and TRIS,



af orenenti oned preferred buffers, i.e. a mxture of
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In the optional step d) of the method of the invention, the radical and/or reaction

30  products thereof are removed from the liquid composition obtained in step c). The
radical and/or reaction products may be removed partially, substantially or ideally
completely, the complete removal is preferred when the liquid composition is used
in a human patient. Reaction products of the radical might be esters which may be
formed upon reaction of pyruvic acid with radicals of formula (1) comprising hydroxy

35  groups. In a preferred embodiment of the method of the invention, step d) is
mandatory. Methods usable to remove the radical and/or reaction products thereof
are known in the art. Generally, the methods applicable depend on the nature of the



formed upon reaction of pyruvic acid with radicals of
formula (I) conprising hydroxy groups. In a preferred

werwoedisent of the nethod of the invention, stBEI/ND2005/000281
mandat ory. Met hods usable to renove the radical and/or
reacti on products thereof are kpown in the art.
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further aspect, the present invention provides a
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conS| St n%gOf phl% 36%%217(3 Mlﬁeetu nd Tﬁm%@écﬁweorocesses and for in
i nVﬁVé MBMtumour imaging and a composition comprising hyperpolarised BC-pyruvate
and a buffer selected from the group consisting of phosphate buffer and TRIS for
use as a MR imaging agent forms another aspect of the invention.
30
The composition of the invention is preferably produced by the method as claimed
in claim 1, more preferably by using '*C-pyruvate in step a) of the method of claim 1
and a radical of formula (I) where M is hydrogen or a physiologically tolerable cation
and R1 is the same and represents a straight chain or branched alkoxylated C4-Cy4-
35 - hydrocarbon group, preferably methoxy, =CH,-OCHs, —CH>-OC,Hs or —CHQ-CHZ-
OCHj5 and step d) is mandatory. In a particularly preferred embodiment, the
composition of the invention is produced by the method as claimed in claim 1
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compounds: its transamination results in alanine, via oxidative decarboxylation,
pyruvate is converted into acetyl-CoA and bicarbonate, the reduction of pyruvate

results in lactate and its carboxylation in oxaloacetate.

30 It has now been found that the conversion of hyperpolarised **C-pyruvate to
hyperpolarised *C-lactate, hyperpolarised "*C-bicarbonate (in the case of *C;-
pyruvate, C, »-pyruvate or '*C, ,s-pyruvate only) and hyperpolarised "*C-alanine
can be used for in vivo MR studying of metabolic processes in the human body.
This is surprising as one has to bear-in mind that the T, of hyperpolarised

35 compounds decays due to relaxation and dilution. 8C-pyruvate has a T, relaxation
in human full blood at 37 °C of about 42 s, however, the conversion of
hyperpolarised *C-pyruvate to hyperpolarised "*C-lactate, hyperpolarised **C-
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phosphate buffer and TRIS is administered parenterally, preferably intravenously,
intraarterially or directly into the region or organ of interest. Dosage and
concentration of the composition according to the invention will depend upon a

30 range of factors such as toxicity, the organ targeting ability and the administration
route. Generally the composition is administered in a concentration of up to 1 mmol
pyruvate per kg bodyweight, preferably 0.01 to 0.5 mmol/kg, more preferably 0.1 to
0.3 mmol/kg. The administration rate is preferably less than 10 ml/s, more
preferably less than 6 ml/min and most preferable of from 5 ml/s to 0.1 mi/s. At less

35  than 400s after the administration, preferably less than 120 s, more preferably less
than 60 s after the administration, especially preferably 20 to 50 s after the
administration and most preferably 30 to 40 s after the administration, an MR
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reduced signal to noise, this can be achieved by reducmg the RF-pulse angle that is
applied in every phase encoding step. Higher matrix sizes require more phase
encoding steps and longer scan times.

30 ‘
Imaging methods based on the pioneering work by P. C. Lauterbur (Nature, 242,
190-191, (1973) and P. Mansfield (J. Phys. C. 6, L422-L426 (1973)), implying
applying a readout gradient during the data acquisition, will allow for higher signal to
noise images or the equivalent, higher spatial resolution images. However, these

35-  imaging methods in their basic form will not be able to produce separate images for

13C_pyruvate and its "*C-metabolites but an image containing the signals of *°C-



resonance frequency is directly linked to the anount

of 13C-pyruvate and its 13Cretabolites, respectively.
wOb@n/0118e0 anount of 13C- pyruvate and each 13CneCEHNORIOS®00281

is estimated using tinme domain fitting routines as

descri bed for instance in L. V#nhame et al., J Mgn

Re 391'” uvaand3H-of fs ((EXDEbolite®gestheadentificaion f apeatiicirmetabolites is
yruvate and each 13C netabol ite in which a col our

co@Pg@PS& Pleyrey coding is representative for the anount
of 13C- pyruvate and each 13C- netabolite nmeasured.

A # PP FHDAORDE R TR ITGS hAGEL LEL PIGars use of muti-

ski 'é@lg&its tUBoﬂélfdrghedﬁetacQ}eP&ﬁnf&&Btlorgﬁ‘dqllqjerﬁd& tiaitan traxfuce separate
repe I T1I ONns .neede 0 u ncode, t tr
| e ARst Phieas piRJaL PR Y SetiTpan et GlEver: ) 1agn Reson
Ey mﬂé@iadﬁ apd% ¢<§2136C30 o Elha*;eea@r éteal | RIRAN51 esems(am@) Since the
yper ari z - nal i
bl o 2 deinmiad Ay sush R EMERoRettes 5% Knain.be
: SI galpfa}oab@ dReussed i ﬂie&e%?éhcb@ aa@\m @relsk éppne@ cudirently trhetye
1S a

|
T obTUvBfRg RBR g 150t 288 Prabb Dy RYRLE! pRATE. RS
St mrmmétd anDebke0Abretdffioient ubaagihﬂg]yﬁaipbhdsed)ﬁéd\dRsrgnal

asswi' 0B SRR R chingo TS B g ShB G g
L42&cHAtRe, & hR8) spatibimebytutian arma‘bs‘ﬂengccﬂnsitemdmu&s

gradi ent during the data acquisition, will allow for

hi gher signal to noise inages or the equivalent,

15hl ghtmoms fisdueds oft@fsdiaﬁmmrﬁseldr‘ﬂygﬂsncrbbs@\/mrfustohmd higher
n nt .
o ORI ERahaTat pot i pd o S e, Al B s

13¢ﬁdﬂtédlb9 Icelissthatdlie anhéineigeeraostbbolicinegds bed/si thrmlsgefdistance
ruvat. E"T' and a

 # RS fotpldel RSPt R g puich Mo eneray
pos&lebéd?to dustain pm@gys homdostatiadt isimthjs aneagiimege selipuvegsoblems
207 PREein 2o eneas atireed fidibedh FEERe bR iipRbree
3e pﬁs@be\gu@rebleme dustaininbHenenpgesmeaséasisowill _aitem‘tsl anergy
escr,| | .
- S54eB 5Ly gt ey ey MG o iR AT BAAG prbgiddson.
( Z(Elﬁbrlsnﬁjly]ctes phssivte taiaké thischangbin thetabolise viaibte using
hatglg)g) ris NiBmE:repQ/? DELfRin S W’lmtagﬂg %ﬂ{%lr\ﬁ ﬁ&;\/v avallable i.e.

erences a ove can
25d| rusing the |hmd§c-ﬂgc¢aleageal |a|trmhurr©uaar@altadtsammmamhe tumourfrom ,

pr elIe% tﬁSP Q/sueﬂ\y%%tp%‘rfug ﬁrg ﬁ]eqerolggﬁéo%k% ﬂ.mour tissue, it is preferred to

correct the "*C-lactate signal for the amount of pyruvate (**C-pyruvate signal)

available in the same region. This will allow for emphasising regions in the tissue
with a relative high lactate signal with respect to the pyruvate signal and thus -
30 improve the discrimination between tumour tissue and healthy tissue.

To correct for the pyruvate signal, both lactate and pyruvate images are normalized
to the maximum value in each individual image. Second, the normalized lactate
image is multiplied by the inverted pyruvate image, e.g. the maximum byruvate'

35 signal in the image minus the pyruvate level for every pixel. As a last step, the
intermediate result gained in the operation above is multiplied by the original lactate

image.
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i.e. the discrimnation between tunour tissue and
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Further, the composition according to the invention is useful as an imaging agent for
in vivo MR tumour therapy monitoring, e.g. by monitoring direct changes in
metabolism pattern of tumours upon treatment with therapeutic antitumour agents
30 and/or radiation treatment or in connection with any type of interventional
techniques with or without any kind of ablation, i.e. chemical ablation combined with

radio frequencies, microwaves or ultrasound.

Tumour MR imaging can be influenced and improved by preparing the patient or the

35 animal in a way that will perturb the protein metabolism, lipid metabolism or energy
metabolism in general. Ways to achieve this are known in the art, e.g. by abrosia
(for instance over night), glucose infusion and the like.
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in the art, e.g. by abrosia (for instance over night),
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s #rgr%re%ly, a transmit volume ®*C-RF-coil in combination with a MR receive’ only
endorectal RF-coil is used and more preferably, a transmit-receive phased array
volume '*C-RF-cail in combination with a MR receive only endorectal *C-RF-cail is
used. Especially preferred are coils that make the acquisition of a "H-prostate image

30 possible after the *C-imaging.

Another aspect of the invention is a composition comprising 3C- pyruvnc acid and/or

3C-pyruvate and the radical of formula (1).

35 In a preferred embodiment, said composition comprises a radical of formula (1)
where M represents hydrogen or one equivalent of a physiologically tolerable cation.
Preferably, M represents hydrogen or an alkali cation, an ammonium ion or an
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being the preferred one.

In a particularly preferred embodiment, said composition comprises 13C-pyruvi'c: acid
30 and the radical of formula (I) where M represents hydrogen or sodium and R1 is the

same and represents —~CH,-CH,-OCH;, most preferably said composition contains

8C-pyruvic acid and the radical of formula (1) where M represents hydrogen or

sodium and R1 is the same and represents —CH,-CH»-OCHs.

35  The compositions according to the invention comprising 3C-pyruvic acid and/or "*C-
pyruvate and the radical of formula (1) are particularly useful for the production of
hyperpolarised '*C-pyruvate, for instance for the.production of hyperpolarised 3C-
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trityl radical.

Yet a further aspect of the invention' is the use of the radicals according to the
invention as a paramagnetic agent for the hyperpolarisation of compounds in a DNP

30 process.
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use of the radicals according to the

Example 2: Production of hyperpolarised "*C-pyruvate using "°C-pyruvic
acid and the radical of Example 1
30 A 20 mM solution was prepared by dissolving 5.0 mg of the radical of Example 1 in
13C,-pyruvic acid (164 ul). The sample was mixed to homogeneity and an aliquot of .
the solution (41 mg) was placed in a sample cup and inserted in the DNP polariser.

The sample was polarised under DNP conditions at.1.2 K in a 3.35 T magnetic field
35  under irradiation with microwave (93.950 GHz). After 2 hours the polarisation was

stopped and the sample was dissolved using a dissolution device according to WO-

A-02/37132 in an aqueous solution of sodium hydroxide and tris(hydroxymethyl)-



i nvention as a paramagnetic agent for the
hyper pol ari sati on of conpounds in a DNP
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25 radical concentration was subsequently analysed with a UV spectrophotometer at
469 nm and was determined to be below the detection limit of 0.1 uM.

Example 4: Production of hyperpolarised *C-pyruvate using **C-pyruvic
30 acid and Tris(8-carboxy-2,2,6,6-tetra(hydroxyethoxy)methyl-
benzo[1,2-d:4,5-d’1bis(1,3)dithiole-4-yl)methyl sodium salt

Tris(8-carboxy-2,2,6,6-tetra(hydroxyethoxy)methyl-benzo[1,2-d:4,5-d’]-bis-(1,3)-
dithiole-4-yl)methyl sodium salt was synthesised as described in Example 29 in
35 WO-A-97/09633.



the solution (41 ng) was placed in a sanple cup and
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10(2.01 5 g) was placed in a sanple cup and inserted in
the DNP pol ariser. The sanple was pol ari sed under DNP
conditiogns at_1.2 K i eti [
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urs
the pol ari satdgentwas stopped and the sanple was :
di ssol ved using a dissol ution device according to WOA-
02/ 37132 in an aqueous sol ution of sodi um hydroxi de

15ands 4 [ i Sll(th'u&lil(k:ﬁﬁﬁﬁl h%ddﬁﬂafhmwmbl ingpreparbflod) to provide
a neutral solution o er ium.l .
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‘ se: @tei_iv"chﬁ%isk ahdpat ihlmjart ihellJbamﬁactaV SCTH% GO4. Growith media were
SO i on,was r i, ' ,
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24 i NEDTAf wés ddddd foER-8nmiheTiEn, Pmd RS wasadded and the cells were
hypgrRol ald 584, d3RePYNRRE REMINS 40 3hREI4AE antibiotics (100 1U/mI
penicillin, 100 1U/ml streptomycin and 2.5 ug/ml amphotéricin B). The cell solution
was centrifugated and the cell pellet was resuspended in 20 ml RPMI with FBS and
antibiotics, centrifugation and resuspension was repeated. The cells were then
- 30 aliquoted fo vials containing 4 x 10° cells/ml RPM! 1640. To obtain donor tumours,
female Fischer 344 rats (Charles River, 180-200 g) were anaesthetised and 0.3 ml
of the cell suspension was subcutaneously injected in the inguinal region on both
sides. 15 and 22 days later, pieces of tumour were prepared as described in F.A.
Burgener et al., Invest Radiol 22/6 (1987), 472-478; S. Saini et al., J. Magn. Reson.
35  129/1 (1997), 35-43). Two incisions were made on the ventral abdomen of recipient
female Fischer rats. A tumour piece was inserted into each pocket and the incisions
were closed. Rats were brought to imaging 12-14 days after tumour engrafting.
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beakes fraehey calagatBPbbsiidwd the MR §GiSl aniding ioib°Gt-alasine on
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25  '8C-alanine. An unlocalised MR spectroscopy sequence was run to ensure that the
13C-MR coil and the system MR frequency had been set up correctly. The o
image location was positioned to cover the tumour (slice thickness 10 mm, in plane
pixel size 5 x 5 mm?). In the reconstruction phase, the image data was zero-filled to
result in 2.5 x 2.5 x 10 mm® resolution. "*C,-pyruvate in TRIS buffer (90 mM) was

30 injected in a dose of 10 mi/kg during a period of 12 s with a minimum volume of 2 ml
into the tail vein and 30 s after the start of the injection (i.e. 18 s after finishing the
injection), the chemical shift ">C-MR sequence was started.

5.4  Analysis of the MR imaging data

35 . MR imaging resulted in a matrix containing 16 x 16 elements in which each element
or voxel/pixel contains a "*C-MR spectrum. In the reconstruction phase, the matrix
was zero-filled to 32 x 32, a mathematical operation that helps to improve the spatial
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25 a) ([lactate]nom X ([pyruvate]max— [pyruvate])nom) X [lactate] and

b) ([lactate] om X ([alanine]ma.x— [alanine])nom) X [lactate]
in which the term “[....Jnorm represents the normalised amplitude, i.e. scaled to its
highest value in the metabolic image and [lactate] the amplitude calculated.

30 A successful result for the discrimination of tumour tissue and healthy tissue in a
metabolic *C-MR image was defined as highest lactate signal in the tumour area or
a high weighted ratio lactate over pyruvate in the tumour area and a high weighted

lactate over alanine ratio in the same pixel location.

35 5.5 Biological analysis
Tumour sites were visually inspected to detect signs of bleeding. Tumours were
liberated from the rat bodies, weighed and cut in half. Tumour interiors were
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natlm%@wa‘fer@ﬁéwa@wa ey e Rpaged)ind8 f4js; ﬁ{ﬂi R e 3 tumours failed
spaid lﬁblb%%@l’ dHidrRNdestiseddatias Secédind parafrlpyisesl The remaining 26
1024 spectra as was

%cgh%)(frted to Dico 'g't ior. Th
f ofYFBRUTE i TS WefaRPMRgsNetRA 3 qESER NBF RGNS interior. The
N?tak/grlégs paaﬂgftranfﬂhsd\/&inva@ AtTHeE ﬁméﬁ)ﬁ ﬁmuoﬁ'bm aas o124 2.9% (mean
st andar ds ica r ting igita
cor*ﬁﬁl?ﬁ%ﬁ’tﬁ%ﬁ?"@s%gg @aﬂ@‘?ﬁa@rméls Fon) for further
anal ysi s. About half of these spectra did not contain

nals as the OSI |Qn of t ese Vvox t si
¢ hE W dforTexsiequaibe ot o TRPES PRI mPRaY B a7 Eife Brei6n
?/o>f@ﬂef:‘en\tsiaﬁdgadjléI WheRsif theadrfonss lg:ﬂaété tmmn;wgllc?clgi.dme(z) the **C-
actate and a 0 09, il.e ot 3
R BETRGE () ey e EEe AR | GRS TROBIE b °C-
eqa@ﬂtate Whags torvectddver Eapdyriveteand @) twgovmaeflmbm] torescted for
and, |l actate were estigated usin me. . dopmmin fitting
20pr o dealFns- \rRoss @A&@ﬁ%ﬁgﬁ‘?@ V’I"@‘Itf‘%wqj@” HENFLIG9e:
order phase is constant over the dataset, the first

ne, wi dt h . ' ' .

O 8RS R o SRl b S b BG4 4 oy i ar
t i mRsfusbe withehageatbinival protbhlimage.t he whol e dat aset for
each nmetabolite independently and the frequency is

allowed to vary with 20 Hz i both directions with
I eSRES tesun, tuhﬁualmeaitwgnes fndegteaintmya high pyrusatersigriab (2phdueeto high

dat aset for t hi

e AR Ebolls Aoy e HBNELE the BEBs sl RRtR Bntiice he correct

al docatien ahtheptyimouvaeaniver ie visite inehe dkealeiabmusale axd sratsent in the
tumour tissue (4). The pyruvate and alanine corrected lactate images (5) and (6)

result in an excellent contrast for the tumour as well.

It was thus demonstrated that the tumour location in the metabolic images is
indicated by a high lactate signal, a high lactate signal corrected for pyruvate and a

high lactate signal corrected for alanine.

The analysis of the metabolic "*C-MR images revealed a metabolic contrast in the
tumour area in

e 24 out of 26 tumours for the lactate signél



resanpled to match the resol ution of the proton

anatom cal MR inmage. The 13C- MR i mages were projected
worotbloe1sanat oni cal i nages usi ng an aut omat ed pPOT/AOQI08/000281

to obtain an operator-independent result. The results

were displayed in inmge sets cestaining the anatonica

proton i r I

130 riag@orar ofsh ifuls it adtab afpklbynlal HEAR8 08, )

ont 0 & h@samabti2f wealoursfaythe lactaigaigneh eldning dopiecieddd.p, b))

Doy ot FBH S ke T by 285! oot oo

([lactate]lnorm x ([al anine] max - [al anine]) norn) x

[ g

5¢ %&hat&]%] ﬁtu@ég‘ma%rqe}rib%afr%mhe{t the Ig/pkgﬁ{égfségs Cﬁ%)g/ﬂfvéte reach the
valre@om of mteeesirﬁuabcr)um:a timegrerian @I/h[qhana@tseq paskigle to image the
a I I
o SelrPHT RS oridound e Fiaabndatat de frbed 2f that
a mestalhmiciconttaaCoRbe phtginedas defi ned as hi ghest
| actate signal in the tunour area or a high weighted
ratio | actate over pyruvate in the tunmour area and a

10hi gh wei ghted lactate over alanine ratio in the same
pi xel location. 5.5 Biological analysis Tunour sites
were visually inspected to detect signs of bl eeding.

" Tunmours were liberated fromthe rat bodi es, weighed
and cut in half. Tunmour interiors wereinspected
vi sual | y assessi ng honogeneity, necrosis and bl eedi ng.
The tunour tissues were stored in 4% formalin. A
tunour-bearing rat was considered to be appropriate
for evaluation if the following criteria were net:
tunmour weight > 100 ng, no visible necrosis or cysts
in the tunour interior, a body tenperature above 35 0C
and a nmean arterial blood pressure above 60 mm Hg at
time of MR investigation. 5.6 Results In total 30
different tunours were inmaged in 18 rats. 1 rat failed
and 3 tunours failed the biological criteria described
in the preceding paragraph 5.5. The renaining 26
tunours in 17 rats were honogenous and had a massive
non-necrotic interior. The average pol ari sation of
13C -pyruvate at the tinme of injection was 2 1.2 2.9%
(mean SD) and the pH was 8.08 0.14 (nean SD)



Figure 1 displays a typical set of inmages of one
imaged rat with (1) the proton reference inage,

wob@sm1180¢ he arrows indicate the tunour | ocati PEENOE®)F/000281

5

~alanine corre
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the 13Cpyruvate inage, (3) the 13C-lactate i mage (4)

the 13C-al anine imge (5) the 4B3C actate i mage

copififised for 13C pyruvate and (6) the 13C-lactate

i mage corrected for 13C-al anine. Inmages (2) to (6) are

fused with the proton reference imge. Figure 2

di gpl ay st f@ﬁg@d&@ihg afiiqlicrgamositionestaprisig typerpoieised °C-
fysed with the anatom cal

(2) to

pr ot on &’M%‘@!@te SRl @eﬁ?‘QQ&PWPf'f'[}%ur | ocation is

i ndi g alt egl feymiag i |gb|dw|kwvab@n§msmgeé rdd®e) oﬁu&nl{lla ((I%u) ®b-pyruvic
met abol i ¢ activit | act.at e na

ul ti mat el y2¢ QN/P%/ Q§yf‘1¥@?ec?ﬂ$ eeenad E%m %W%of t he
tumour. Alanine is visible in the skeletal nuscle and
is absent in e tunour tissue (4). The pyruvate and
d | actate Rtages (5) and (6) result in
RHR1 he tunour as well. It was
“thatgthe tum)ur | ocation in the
yooNi gh | actate
corrected for pyruvate
and a h 'NJ.actat e S|g rected for al anine. The
anag%il_ q i mages reveal ed a

an excel l ent &

gontrast {'n thest r area in 24 out of 26
t unour s Fg{: the ladtate SI gn F%P out of 26 tunours
for the ['actate signal, Ryvate corrected (5.5, a))
26 out of b6 fIS thR1I actate signal, alanine

corrected ( e oyxerall rate of success for
this study : fo’26pq0r 100% Wth this study,
it was denBﬂsﬁfateo t hat™ t he hyper pol ari sed 13C
pyruvate reach the n of interest (tumour) in a
time period which nakes it possible { i nage the
conmpound, that the conpound and its netabolites can be
i mged and that netabolic contrast can be

obt ai newhgrrai ns 1. Method for producing a |iquid

conposi tyyon Cr@Hﬂérsén% 'ﬂ?dr‘&j@@bp@rﬂ@édu‘ﬁ%%nl%@)ééﬁbhabﬁd sai d
met hod conpri si ng % ormn id m xt

conpri siftiy a whiell iedhe same gF %ﬁﬁr&n Iepresenis. a:3iraight chaipjog branched

~and/or 13C pWyHVc@&%t&f%d?dr%ﬂ?dxﬂﬁtédr@ O)-Pfddb&irbon group
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b) enhancing the "*C nuclear polarisation of pyruvic acid and/or pyruvate in the
mixture via DNP;

c) adding a buffer and a base to the frozen mixture to dissolve it and to convert
the "®C-pyruvic acid into a "*C-pyruvate to obtain a liquid composition or,
when only "*C-pyruvate is used in step a), adding a buffer to the frozen
mixture to dissolve it to obtain a liquid composition; and (

20 d) optionally removing the radical and/or reaction products thereof from the

liquid composition.

2. Method according to claim 1 wherein the radical is a radical of formula (1)
where M represents hydrogen or one equivalent of a physiologically

25 tolerable cation and R1 is the same or different and represents

hydroxymethyl, hydroxyethyl or R1 is the same or different and represents a



where M represents hydrogen or one equival ent of a
cation; and R 1 which is the sanme or different

WO e@oesBMe s a strai ght chain or branched hydr orgi/AD2@5/000281
and/ or al koxyl ated C-i-C4-hydrocarbon group b)
enhanci ng the 13C nucl ear pol af$sation of pyruvic acid
and/ or pymighbtrein or krbechedxdkoxglaiedsC,BDFhydrdcasioteh grgug carrying a

buffer and.a base to the f ssolve it
and to SO PO Bapdii ORI Btk B fbianfbiipiRehl o
13C pyr wiraigat tramirobit ranchedalleuyld ted @rplshydrasarioon grabgn
only 13C-pyruvate is used in step a), adding a buffer

to the frozen mixture to dissolve it to obtain a
51i qui 8 detpasadcdoading tonaaioh) 2 whenerial Isythe sameiang remesents a

| Tqui @ ERgoC BRI P crosolR e, referably

wher ei n niéteoxyadCEaO0H;:, aCHa0iCsld) orofCHACHUOLH:! ) wher e
M represents hydrogen or one equival ent of a

physi ol ogically tolerable cation and R 1 is the sane

or di4f deintd acudrdimpiosdamss! thyadwiergimeiCrpyyric acid and/or *C-

lohydroxy%&m(/lat Els%tc#)téaﬁ gpn?ch%@ th%rcﬂéég &{rkg th?@e%osmon at the

represe g5t a chain or ranc
G - C4- hyaf-pasiiidopat tge Qp asd theyC2rgositiare ahihedl1- tazynd thoex @ B-position,

group or, : - di _gnd r NL-Sic

Ohoap et B 2 Ppg T Bfodf BT 154 ST,
-i - C4- hmfewlymirhhegﬁdnwpsiti@. Met hod according to claim
2 wherein R1 is the sane and represents a straight

- chain or branched al koxyl ated C C4- hydrocar bon group,

15pr ef ef.alMathorbadrording toGHaiMs AR, whatkinZhedspidpiconricirent of °C-
2- CH2. gcnd yﬁ&/gPdC ?éo %ifg:%pp'}' 53}0 eflalrésb%/ g’t least 90%.

wher ei n 8 pyuric aC| ruv:
i sotopically enriched at the Cl-position, at the

C2- pogi t I ; S i
008! o sl ERSAAS Wbl 98t S
C2- and fmthwmmm@hn@pf Ritospihate Quifer, BCESaRIPES dmidazole/HCI,

20C3- posi tE!EBV]’M@FBgﬁEIa?éyT@é 'Itmg ﬁéPPQSAnH'MCn\? pré\fsrtala%elected

accordlngto cl ai ns elrn the
enr i chnéiem He aragpsansisingef njloanmtglbuﬁ@@qdyml&ate is at
| east 75% preferably at |east 90%

7. Method according to claims 1-6 wherein '*C-pyuric acid is used in step a)
and wherein in step c) the buffer and the base are combined in one solution.
25
8. Method according to claims 1-6 wherein "*C-pyuric acid is used in step a)
and the base is NaOH.

9. Method according to claims 1-8 wherein step d) is mandatory.
30
10. Method according to claim 9 for the production of a composition for use as
an imaging agent for in vivo MR imaging of a human or non-human animal
body.

35 11. Composition comprising hyperpolarised '*C-pyruvate and a buffer selected
from the group consisting of phosphate buffer and TRIS.



6. Method according to clains 1 to 5 wherein the
buffer is a buffer selected fromthe group consisting

wobtooploosphat e buffer, ACES, PIPES, im dazol e/ HB'T/NBEi®5/000281

MOPS, HEPES, TES, TRI'S, HEPPS and TRICIN, preferably
sel ected fromthe group consi s¥ng of phosphate buffer
and TR. S)orﬂposwbh laocording do daimy 11 evhetedn the hl(p&pmtaaé@i RBC-pyruvate

o5 1 haef P lsglort 3% el MR erBheiCal PR TRE: at ORP
sol uti orpreferablytatlimaskta@%or ding to clains 1-6 wherein

13C-pyuric acid is used in step a) and the base is
NaOH. 9. Method according to clains 1-8 wherein step

5d) i s13rdiuaaptositipn aﬂ:&)rdlngttchol_dlnw:t‘oamﬁ f@ywheretrl the tyPerbolarised °C-
- the pro y%b%qsﬂgp%gﬁ&%%otdlug&sé as an i magi ng

agent f I'magi ng non- human
ani nmal body 11. Conposition conpr|S|ng hyperpolarised

13C .
con3|ps ing ofs ﬁlgﬁgg% H'E]é?%d? ﬁléeﬁ g%ﬁ@‘%@f&by%g%thw according
Conposi tt9 olaimscttr th.ng to claim 11 wherein the

1ohyperpol ari sed 13C pyruvate has a pol arisation of at

15

| east 10% preferably at | east 15% and nore preferably

at | eHstCoppusitions ac@udipg 49 tlaiors Hcoodongse as @ M imgagint agent.
and 12 wherein the hyperpol arised 13Cpyruvate is

hyper pol ari sed sodi um 13C-pyruvate. 14. Conposition

accor tf-dlyetod acomipasitian acaprdidg pr dainseld thyl4fitrehenetamathcture of a
accordi £ dj

to cl ai %F{%@O@ﬁ% ilor u?w&gstu?jg %&HB%% ﬁé Sr%c@s%%g ril'gg%uman
Use of @ramrbw@amrammaébedydu ng to:claims 11 to 14 for '
the nanufacture of a MR imaging agent for .in vivo

studyi ng of netabolic processes in the human or non

humant 7a£48m§!f alsgupositign acgoeding toeclaimspld 3o t1# dor the cmndfactyre of a
to clai g [

agent 1 O adit Sdbrt i i Uit KR dtidinthe Buls oPRG) Rman
human a@niwgl b@@&d)PrefprrabWé@%\lblWoft@mourrﬂl&gr\mlsmmmmstagmg and/or

20 di agnos&&naﬁq%é}gp)ﬁ%gﬁ&g‘gand/ or tunour therapy

25
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18. Use according to claim 17 wherein said tumour is a prostate tumour.

19. Composition comprising "*C-pyruvic acid and/or "*C-pyruvate and a radical
of formula (1).

20. Composition according to claim 19 comprising "*C-pyuric acid and a radical
of formula (1) where M represents hydrogen or sodium and R1 is the same
and represents —CH»-CH,-OCHs.

21. Use of the composition according to claims 19 and 20 for thé production of
hyperpolarised "*C-pyruvate.

22. Radical of formula (l)



18. Use according to claim17 wherein said tunour is a
prostate tunour. 19. Conposition conprising

wa3@epysayvi ¢ aci d and/ or 13C-pyruvate and a raPkTAD2@6/000281
formula (1). 20. Conposition according to claim19
conprising 13C-pyuric acid and38 radical of formula
(I') where Mreptesents hyd ?gen or sodiumand R1 is
the same and Je reﬁqRq$8<§? 2-CH2- OCH3. 21. Use of the
conmposition atc

ding t Sai s 19 and 20 for the

pr o@D CQ hyger pol 8 i sdd 13C-pyruvate. 22. Radi cal
of formul vhere M repreds @Qﬁ%ﬂrogen or sodi um
and R 1 rgp ents - OCH3. 23. Use of the

for Rh hy%r pol ariceat i on of c®npounds in a DNP
process. 874

R1 ' R1

R1. 8 S, R1

R1 S
COOM 0

where
M représents hydrogen or sodium; and
5 R1 . represents —CH3-CH>-OCHs.

23. Use of the radicals according to claim 22 as a paramagnetic agent for the
hyperpolarisation of compounds in a DNP process.
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