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Recent experiments have demonstrated that hyperpolarization of various nuclei
can survive the transition from one molecule to another that takes place during a chemical
reaction. For example, it has been shown that hyperpolarized (“HP”) "*C nuclei in sodium
pyruvate can be metabolized by cancerous tissue and produce HP lactate, alanine and the like.

A further example can be found in the production of HP fumarate, which can be
manufactured by first hyperpolarizing nuclei in fumaric acid and then allowing the acid to react
with a base solution to form HP fumarate. HP sodium pyruvate (i.e., sodium pyruvate including
hyperpolarized nuclei) may be manufactured in a similar fashion. In reactions such as these the
amount of polarization lost during the chemical reaction has been shown to be small.

These are examples of chemical reactions in which at least one precursor
molecule in the chemical reaction is hyperpolarized so that at least one of the end products of the

chemical reaction is in turn hyperpolarized.
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disclosure, as embodied herein, in one embodiment, the disclosure provides a method of
producing a material containing hyperpolarized nuclei. The method includes formatting a first
material into a high surface area configuration. Next, in a polarizing cryostat, the first material is
exposed to *He at a temperature below about 10K and a magnetic field in a manner sufficient to
substantially increase the polarization of the first material. The temperature of the first material
is then increased without melting or sublimating the first material resulting in nuclei in the first
material becoming hyperpolarized. If desired, the first material is then reacted with at least one

other material to form a mixture including hyperpolarized nuclei.
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step of removing the first material from the polarizing cryostat after the initial temperature
increase that results in nuclei in the first material becoming hyperpolarized. By way of further
example, the method may further include transferring the first material into a transport cryostat
after the initial temperature increase that results in nuclei in the first material becoming

hyperpolarized. Accordingly, the transport cryostat may be transported to an end user. The first
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In further accordance with the present disclosure, a method of magnetic resonance
(MR) investigation of a subject including a human subject or other organism is provided. The
method includes producing a mixture including hyperpolarized nuclei as described herein,
administering the mixture to the subject, exposing the subject to radiation of a frequency selected

to excite nuclear spin transitions in the hyperpolarized nuclei, and detecting magnetic resonance

signals from the subject.
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disclosure also provides a method of producing a material containing hyperpolarized nuclei. The
method includes formatting a first material including a methyl group into a high surface area
configuration, increasing the nuclear polarization of the first material, and increasing the
temperature of the first material from a first temperature below the temperature at which the T1
of the first material experiences a minimum to a second temperature above the temperature at
which the T1 of the first material experiences a minimum without melting or sublimating the

first material within a time period less than about thirty seconds, wherein less than about 90
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produgi fgthdr MFRbRIAhE il tHe@lifdldddre, an embodiment of a system for
producing a material containing hyperpolarized nuclei is provided. The system includes a
polarizing cryostat having a vessel for exposing a first material formatted into a high surface area
configuration to “He at a temperature below about 10K and a magnet adapted and configured to
provide a magnetic field in a manner sufficient to substantially increase the polarization of the
first material. The system further includes a first heat source for increasing the temperature of

the first material without melting or sublimating the first material resulting in nuclei in the first

material becoming hyperpolarized. The system still further provides a mixing device for reacting
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In further accordance with the present disclosure, the system may include a
transfer vessel for receiving the first material from the transport cryostat. The transfer vessel
preferably includes a magnet for maintaining the first material in a magnetic field. In accordance
with a further embodiment, the system includes a mixing device for receiving the first material

from the transfer vessel. The mixing device and transfer vessel are preferably adapted and

configured to be operated within the fringe field of a MR system. The magnet of the transfer
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further include a transport cryostat in which the

first material in a hyperpolarized condition is

stored. The transport cryostat is preferably suitable

for transporting the fjrst teri,al to siter te
vessel e g iplsebichigntien el bt el oAk S HRRiaER &K Sysfern
operaticdccordance with a preferred enbodi ment, the nuclei in

the first material includes at |east one materi al

sel eclrefirtherecoldanegrwitip thesnstert thadirgfmatg! cas ke a ligpidzsolid,

1P an%} 9Si . I n accordance with another. aspect., .the .
anclor s RTE The fcf A RAERRER o I EORh SRl B PR Copghdfiign o o

a surfadea@ealt6 WPRINL 1dti6 gRtfatel Banfabbst0. mad*ar i al Wi t hout nel ting
or sublimating the material after the first materi al

becomBe AjpleryePErideEs @ sy R of yrasaptiqisjonsacatMpi By egiggtion of a
sobject AL Bty A BFS lERiRR THEMHE Syt ol Bbhns for
producingy b aix tuleintludofg Hylperpolargtd nadleiras alkseeibpé hereimcaesl an injector for

.. mni mgm to a second tenperature Schibs't antially above .
adminisiqping tar et yEe P dheatubigsf- c ke yystem fuginek ingludes alcashens dio
fi BX P& 2R ESkirkh (HE BhBTE o Tt RY T & Peqie Ry SERERRKY excit 1 i
requena%apt ed aﬁd 11ggonf I gur edot o I ncr easeqt fr:}lg:ryt enper at fﬁccle ecr)lfuc car spin
transitignsen fhierhypenpatagizedhudieiomdan deteqparfat detectinglnoagnatio tesoradie signals
f tht 0.a tenperature of about 200K. In further accordance
rom thg Syleqty e " nr esent  di scl osure, the systemmay include a

t r ansfiefurtnes&8brdhfde WRE Ble\i RbstRe tHel & SbmRA fur@br fEREE means

the transport cryostat. The transfer vessel preferably
for gengrpfengatdenshonraefriatimppe. dynimicdlaw AgatdiBfusipn datamperiusiog|data,

. n netic field.|ln accordance with a further
physiolgfle AR Bl Bl ool ARG REENSE A M el o

r ecei Yhégistlbsure alsé provadedran@kemplang §ykent forpsddRicing@Sagkrial
) _The m xi ng device and transfer vessel are preferably
includingrypenelairgd avdlei ghesystey ipdudgsanens oringraising the state of
polarizeftfoh%@? ff‘rét%ﬂerﬁzﬁ il‘?thlglgb%ﬁgé 8 sodi€e M&eéle&lfong BEpar magnetic
transtervessel can be adapted and confi gured 1B be
impurities aneetnglefatye ibelow abopet K imthegprasandddfayaignatio fieldatlihenystem

In further accordance with the system the first .
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means foatdaoting @a fiest ndtenml abdat lstlons otiger material to form a mixture including
hyperpolarized nuclei.

In further accordance with the disclosure, the disclosed systems may utilize a first
material that includes a methyl group. If desired, the disclosed systems may be used to make a
mixture that includes pairs of bonded nuclei. Preferably, at least a portion of the bonded nuclei
are hyperpolarized.

In further accordance with the disclosed embodiments, a system for producing a
material containing hyperpolarized nuclei is provided. The system includes means for

formatting a first material including a methyl group into a high surface area configuration and

means for increasing the nuclear polarization of the first material. The system further includes
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In still further accordance with the disclosure, system for producing a material
containing hyperpolarized nuclei is provided. The system includes means for formatting a first
material into a high surface area configuration, a polarizing cryostat having means for exposing
the first material to “He at a temperature below about 10K, and a magnet for generating a
magnetic field in a manner sufficient to substantially increase the polarization of the first

material. The system also includes a mixing device for reacting the first material with at least

one other material to form a mixture including hyperpolarized nuclei.
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further accordance with the disclosure, systemfor
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i s provided. The systemincludes nmeans for fornmatting

a fi r Befenmice miilkhnowrtieanalehn ghtas to ﬂacpeeﬁnelareferred embodiments of the

dlscloseg%glgl %Hagrgtls %Qam;a)leg 1“ wliuc%ll eqlllust)r/z?tfs:cs 9nt thQ gc\:/clorrlﬂ)arrlr%%g %lrawmgs The

method and corresponding steps of the disclosed embodiments will be described in conjunction

with the detailed description of the system.

It is one object of this disclosure to provide exemplary methods whereby nuclei in
various molecules may be hyperpolarized without the need for the addition (or use) of toxic
catalysts such as a TA/EPA or other catalysts or any polarizing agents (whether or not toxic). In
accordance with a preferred embodiment, nuclei in molecules are hyperpolarized which may
then be reacted to form ’C-bearing molecules of biological interest such as acetates and

pyruvates in solution.

10



the first material to 3He at a tenperature bel ow about

10K, and a magnet for generating a magnetic field in a
WOorenwna#618uf fi ci ent to substantially increase tP&r/US2009/039696

pol ari zation of the first material. The system al so

includes a m xing device for reacting the first

material with at |east one other naterial to forma

m xture incl uding hype Iarl Infu

e oor HaeB Aot it a PRTB RS auftEmmbam et sothyB phepe including
hyperpdi&izeRmAeeE AP b provided! @oﬂﬁl% h&kdﬂ@cﬁﬁ’[ﬂ@i Reh@ciaAd vital role as a

nuclei is provided. The system i ncl udes neans for

reportetpgmoth mem@oac prasesi sothough ISQFhllmglCﬁﬁ@eF policatly netia pubsirete found in
mgmﬁcgrﬂqcfvae 8119/&9 S}?fsgtorg’all tlpe%s ys B 4e \Qartft'th% atc?tecﬁtor Acetyl CoA is

ox1dlzeﬁﬁﬁﬂ1$toﬂﬁfndﬁ@ BF&BMA@C]I@&@ fdifrﬁ@lirbcm dibxidé (¢©93t1n @Reprocess of
other materia forma mxture includin

acetyl-G/p exigation: NAJaH i ggnsrated, tvhich drivey @xigatiee Bh%ﬁhorm&tm 1the
reductl(%l Jﬂ&gﬂg\a/glg{gﬁdg% Itlgﬁt &Ju&ﬁédqg (T‘QGnMP)ﬁpé{ ol alng\% {2 flux CPf acetyl-

are- exe are inten
CoA thiough teTC Arcybier Taxg Inaaaaﬁremantnff "It(hée cydls flhosgrts the metabolism
. enb nts. The acconpanyi ng draw ngs, which are
reqmrecff?é% WCHAM i n and constitute part of this

Speci fﬂ £RbidQRee RHE ohé‘@iéﬂ%{ﬁ&’ry%ﬁlﬂoh itk FAh Echa ?or%aﬁé{ﬁgjﬁ)dlum

a further understandin he di scl osed net hods and
acetate sqlsm@nmcluﬂogdtypeHPOWIlzéd tindeichemychrd poidword. The maabd awgsmplished,

for exar%%rg\é%[ £2 %)fap erﬁ%crll nei ples %{cg%gﬁatg goéﬁrbﬁic%&%&u&?cetate water
and carb¥H @bk idalkzh O WHRGANudIENB St leastlond of e lpROIRGIR! 46 Bypdipolarized. The
differing magnetic fields for several di fferen%,

reactiorpths @ertalt d pa@fhncmm@ftalteéddz a&mw@tl@f thﬁtr whem optionpHg combined

with bu?f?rs sahne or o er c eml zhs ds arge a%le n VlVO a chtgg‘rfst asCa tratcEr and/or as
enpla o] sys

a sourcd hﬁn@ﬂaﬁ@i&ﬁﬁﬂnﬁﬂ&@ dOﬂ‘Eﬂhﬁds @E:HAI; lﬁ@c,%fﬁﬁlﬂ: BHd fINntdFacid may
.. PREFERRED EMBQODI MENTS Reference will now be nmade in
additiongdly i pltergativedy Pe es¢ént preferred enbodi nents of the

d' SC' g&)?%e%ﬁﬁ%ﬁ[l%&%? Po%%ﬁ’fvﬁ%eggfs whi ch are
ngs. The net hod

an d cUmhb«spﬂnﬂm@ @ioe;:xs thefchtifaetedistéchedead pelali odionmeiet sy times (T1)
of mategélé &l?q?l&lgg g%}rl?q g ]gh:;ljrg%ttjugptlovr\{l otf I't]hetlrh aemt()jigrtltaelnlvlrgnment
Temperature, magnetic field and the physical state of the material (liquid, solid, gas etc.) all play
a role in determining how long the induced nuclear polarization will last before it decays away to
thermal equilibrium. Under appropriate conditions T1 can be made to be quite long. Longer
decay times open up the possibility of transporting HP materials (i.e., materials including
hyperpolarized nuclei) over large distances. Thus, HP materials can then be supplied as a
consumable, removing the need for the user to site a polarizer on its premises and reducing the
cost burden.

In addition to temperature and field, the physical state and the chemical

composition of the material influences its nuclear polarization decay time. Applicant has

measured the T1 of acetic acid and sodium acetate over a wide range of temperatures and fields.

Applicant has discovered that the T1 of hyperpolarized nuclei in sodium acetate is quite short
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addition (or use) of toxic catalysts such as a TA/ EPA

or other catalysts or any pol arizing agents (whether
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. alternatively. be ed. Starag nd Transfer o
polarizSjsiig B_tmw%@ammﬁq ‘?ﬂ%@? fﬁ%ﬁ;})&%ﬁ&lﬁ \F‘étstl}%‘é‘LfDé”‘,n ff¢ye the DNP
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of materials including hyperpolarized nuclei are a

desired inetaboliopragksst hei r anbi ent envi ronnent. Tenperature,

?Flggﬁiths? acgzéf ilgg’lgl ag%th(gr? ]E?(X 5# ﬁl?sijciﬁg%)gstu% t%f detspr‘fabenn%ft:tﬁ(r)cllsaalnd systems
for storing and/or transporting HP materials. In accordance with a preferred embodiment,
methods and systems are provided for storing and/or transporting materials that may be used as
precursors in a chemical reaction to manufacture a material (e.g., solution) of biological interest
including hyperpolarized nuclei. The present disclosure permits transportation over significant
distances such that the HP materials may be supplied as a consumable material manufactured at a

first location and transported to the end user.

Extraction of HP materials from a Cryostat

12
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IS reqU|red for use as an in vivo agent, the acetic

Warmedar@puﬂy sIt esnveaanethat Gie poliiriaen mew batver) det th élfedNMRJMaRI system

that is u-gecf :for analP/sm h? 13 (ilsees %remeggdlgbcgfareltag?o%ss Q9 rglal%yeusg:r sﬁes where space is at
ermitran

a premitiyp @h padieon, Z\@lﬂ:n@NE lid @ded tENEperRASOR Iﬁﬁténilﬁl,l the DNH dwice must be
the TA/EPA present in the frozen HP material shortens
kept a cepginninjopury {istor P2y framethe TgetfayiepANYEHNEY syatem).

;e m)vgg Nehrﬁgbl\tfe Hﬁé& #&%t%oﬂg g@?&{tﬁ{es %l)nt'afl]lt %thglﬁfgr%)ﬁﬁejs%ﬂch impose

wever , nmateri a
a minintung|in 'ﬁl st tainpemn&ed b el thy pﬁ)llarltllng tempbeatuef and@he mGIl‘ung
sSeco S,. th.IS reason, termstora
temperﬁttvrangkaa 1fan<5 ALEPEVE éhfﬁ;% s aw%gvaﬂ‘a fﬁs mpjgimum, but

still mub@ ﬁ%é B8 theAtﬁelﬁn% 85 WthimddOR t%éi‘ﬁthlzee(ffsth@ﬁﬁtehﬁp g3l bg’aln long
sited very close to the systemthat 1s used

enough ahmtlsly(xetetmetdﬁﬁgetfmampmralssfeadﬂdy phocuatdes e possatylityhe placmg the

polanzeﬁg?.@é Zag ¢ ang@gti 8%’5 seta%héR/&Nrﬁng %élﬁ i | Stgﬁ%ﬁ ol ﬁtnq‘ilgsgcge tfhg rVic"ilnity of
the MRITREIEND qsfogémﬂﬁtﬁ&u@ R Hsdol ey réQsites Bibit BRI Al era@dithl’s

user, both in terms of capital equipnment costs and
tempere@yr@bﬁ@h@pged froagigetl belew thpenininming egwplhpb@igdt in a time much less than

the relaxation time T1 at any point during this process, without melting or sublimating the
material. Once the material is melted its T1 becomes quite short and it must be used
immediately.

Applicant has discovered that, by configuring the material to be hyperpolarized
into a form that has a high surface area to volume ratio, such as a powder or sinter, the thermal

relaxation time of the material can be made very short. This allows its temperature to be
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scal ability of a DNP machi ne neans only a small nunber
of scans can be perforned per unit tinme. This in turn

WO povotigs1she di agnostic information that can beP@bhU81008089696
using an HP material polarized using DNP techni ques.
Transport of the final product inits liquid formfrom
the DNP polarizer to the patient also consunes tine
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then be HaRYRrtePYGL SHBH BRI RSs {FGF&)&EQ@I& %'rry&lea;%@tt GliRe uP Uity another)
d he pr

pyruvate, and others. sence of ‘the methyl group
using rdadiy avplableauyngericiregeridln (¢ heliqradhditioggn of divPcayand in edlaively low

magnetiglafi, (VT Se<I Dahbe e G €T TRRpRE egcesfas the
temperdth@ diffEHeRBHINbE Sy SR B WA N of fofl tdnd BRSMEERperhiBe H ddcrad8Rd.
in Tl is a consequence of the rotation of the three 1H

nucl efCopfigutigenateals Hat astshlyds & apdratemmatyee iptodhighsurface area

continue tp rptate even at | ow t eratures causjin -
powderf B30 ok Br Va6 e v REL AR Ry R Wball miting

can be 0N E fedOetStheiphGialewize of tad fidwh&eridlay sy tiay almiRgnTif Gesired.
Because of the mi ninmum | ow tenperature )
When thg matepal tabiepetvidenzadds A digaidias repsm enppyaiuiee diffgreghanpspagh must be

used. E’aﬁ%ﬁlﬁrygﬁrs %plgseg.ﬁ Egﬁﬁﬁﬁl)ﬁ o Rh ERGId¢ s ke Re fta}ﬁielﬁl?é R 6k particles.

various materi| ri‘ng extraction from
Applicgnoha@rdexelogedmethodstoegprbductyhpgicairfage atehifi®zempoldees of various
osi nlgqt.he rmterial tg super heated water or

. ex t hanol
mateﬂafsr?ﬁ%%ée yid ypdet nggm Sﬁ@&ﬁr&tﬁ@mﬁama&%maquwage%ﬁ@er

intrinsida@ly o AP B RE M ET ARk i APRUE S Eralth BhifABE mBraBoltd AW stratdd for HP
Thi's approach requires that the anmount of material be

MR stufteperpssesl Spitgde tiedtods arendeycrifedwmr aeainplapindpplicint’sdl SoPatent
Applic%%&%ﬂg@ &2&3%'6 ?{ifegl %ruggytsl% , 9808\{ “he a%(l)r%rsn%nttignetdrb%tent
application also discloses various other mixtures that may be achieved in accordance with the
present disclosure (e.g., colloids, suspensions, and the like).

Quantum Relaxation Switch “ORS’” Process

Heretofore the use of a “brute force” environment to produce high levels of
nuclear polarization in materials other than gases has been problematic because the relaxation
time of most nuclei under such conditions is very long. Applicant has discovered that, by
configuring the material to be polarized as a high surface powder and exposing the surfaces of

the powder to *He, the magnetic relaxation time can be made much shorter and amenable to
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that is used for analysis. This is extrenely

di sadvant ageous for many user sites where space is at
w@2@pasilean | n addition, when DNP is used to PCT/US2009/039696

hyper pol ari ze materials, the DNP device nmust be kept a

certain mninumdi stance away fromthe target device

(NI\/R/ MRl systen). As noted above, many netabolic

e R T Y e
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olarl zed into,a formthat .ha
entirety et 4 e G AR SR Erhel R SyteR L iR il Bl e easeous
at stand8fddoRbitioh§)e Mse&dﬁade dogk eﬁalycaﬁr thd fSBoRingt RemipRL- Lt
can be made very short. ThiS allows its tenperature to
bead j bst edCO@ﬁingqlgl thk Bas. asHiigh hagace h@asqogadﬁlf <‘prcsa1ﬁt:r As an
111ustrat1ve norr]ltharg%tngfexziam%l]teUr es an%t {)nea ef( frtegﬁlrggeth\x%/ang }19 on {he Surface of

as an

an aerogfﬂ@u,lrﬁ@d aﬂ@zrntzigw@sly esmsgosages hfcarspavt to the nmor e
nmoderate tenperatures suitable for short term )
transpbrt (aglingthe ganis drate orogolvRyy lapttrmneraiies. tvierighigh

magnetﬁrﬁyl&))rcoﬂfﬁ‘éiuﬁ lVHéI% i e q[&%ﬂ]hﬁ{drﬁﬁ’ﬁ 1848 é)()ﬁ‘?ltza its 8/8 1 1S

resu short sone ture
profiBe of Ekjmnrmhe fioa¢n gas to ueaiayers of P Heahcmichitamnue prov1d1ng a

ith certai.n rr nmbodi the te erature
path formemwi %?%P&ﬁ&%&a ﬁ&? eﬁ? Aft g %@ﬂiyrmgélgg LY 1h aﬁﬁ%ose ‘nuelei in
the top195§ $8RES e fo %&@% ﬁlef‘rhﬁl guﬂ%rlﬁmr\@ltu@h Viﬁ@f)ﬁl'té"fok@e% %onditions, is
t han "about 90, 8 0, 40 20,

highly prdarczedt Iroﬂnsp@hs&'r the amqam prorpparets of "o amwmpécvyeldms uhelaxatlon agent to
ost dvant age of preparing

hasten thi PP hatar 5 SRR IRROORBAAITTS Chal' they nay
then he traRSAML @ FOYE gahobletliystsaTCHS. ([helayexaTPHE act to

fromone part of the user site to another)
efficiently remove the "He from the surfaces of the frozen gas. This effectively isolates the
nuclei and allows them to be warmed back to room temperature without undue loss of
polarization.
The above process is known as a “Quantum Relaxation Switch” (QRS) since it
describes a technique whereby efficient relaxation of nuclei in a brute force environment can be

switched “on” and “off” so as to produce highly polarized nuclei that can be warmed to room

temperature to produce HP precursor materials or HP materials for a variety of NMR/MRI
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evel s of production. Applicant
for biolbgicdlMRI dpRicav@rse dht Hellowiegixainplefis bived Phieiafly omek peience and
. .surface of the material can be acconplished by
partiallpQn5sieRly the material to 4He. This greatly increases

the Thyafpithe material thus allowing it to be warned
to roon1t%nperature wi t hout undue | oss of

pol ar Dzateraail acenc ecid hefromnentodlighhastabe era peliets he chttoducing them

. oom.t enper.at ur.e lei, in . the material be

into LN24G 8 S5 B df el foin ot elioptadie ptats i STheReTE T greasgyed by

BET tobBats mPe. muelpemdts Relpidded a ineRableBARbALUSH dilultidn i éigerator and
material is well above what it woul d ofherw se be in

cooled tonkeg@ mK in the presence of a 10 T magnetic field. "He is added to the sample

chamber to hasten magnetic relaxation. Once the sample is polarized (a process which can be

monitored using NMR), *He is added to the sample chamber to remove the He from the surface

of the sample. The sample is warmed to T ~ 5 K and the helium gases are removed. The pellets

are removed from the chamber of the polarizing cryostat while being kept in a temperature T <

10 K and in a magnetic field > 0.1 Tesla. The pellets are transferred to a transport cryostat where

similar field/temperature conditions are maintained. After transport, the temperature of the
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equi librium The material including the

"“hyper pol ari zed" nuclei can now be used for a variety
W@R0MNIIRRI protocols. Mdst notably, the materPEI/US2N9/039696

in and of itself be used as an in vivo MR material or

it can be reacted as a precursor with another nmateri al

to forma third material which is itself useful as an

NVR MRl material. U S Pat . 6,651,459 (which is . .
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a state of high polarization. 4) Exposing the frozen

of the figygnateriad gepdrippedsst nimpe, to Tsecdngyemperafurdagova ghe tegperature at

. f£iciently renpve the 3He fromthe,surfaces of th
which 54 F Bt RO bIR Pty SR T Rl e of e

hyperp@hri R4 réaesdr iselbatstaidi d fRaakmperatueosabs@ARANabalks v the temperature
wi t hout undue | oss of polarization. The above process

at which gheghloRirhe Sirsh magsrih eXRAIRET A RARINGAUBAP £ spFond CREYerafitc e
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of ‘nuclei 1n rute force environnment can sw tche
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t hat . .cap he warned to room tenperature to produce EE
the preqyrsog it %gﬂmﬁﬁﬁ@rgf%l syclpps %Lipuﬁ_a&ggﬁa Hiffesany renpripg i ggn gpat has a
boiling Ve apgye tﬁ@ténﬂﬁ%atuﬂetat WhidhROTY 36t ¢ Qs N0t Rinikah, tﬁh?ernatively,

rocess does not require the addition of any catal ysts

the precanr tirabe hdaeedoryupassingrges wavmedmbout XK der itneetaces.

hi ghl Xs 3 uesErlale?l in Fig. 2, material formatted into a high surface area form is
polarized in a cryostat 1. Preferably, the material is polarized at a temperature between about
ImK and 100mk, more preferably between about 10mK and about 40mK. The temperature of
the material is then increased, resulting in hyperpolarization (i.e., a state in which the
polarization is above that at which it would ordinarily be at thermal equilibrium). The material is
then extracted and stored in a transport cryostat 2 that maintains a temperature and magnetic
field environment such that decay of the nuclear polarization of the material is slow. This

hyperpolarized material may then be transported via the transport cryostat 2 to storage or a

terminal location, such as a hospital. The hyperpolarized material is then extracted from the
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Appl i cant has discovered that the QRS process may be
extended to operate on a wide range of material s,

w0 200ba4618han only naterials that are gases at BCHOS202039696
conditions. This requires that the material to be
hyper pol ari zed be configured in a high surface area.
Applicant has further discovered that a w de range of
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I ncfudi ng hyperpol ari zed nucler. If desired
for in viv;apeyegmnarﬂzdd/pm@bbtmad solnteyn ivénjecead vied sirtlé hmt ﬁlarto a patient 6.
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appl i ¢S ir@RSar-vebdd] AGEMRAAEBmMPhitMet PIRFQENAT the hy?emolarlzed
enbodi nent, materials are used that contain npl ecu

precurS@f matntléls ot mf:l@ldesbzi olpept dahcivl araqipcrtroasrmgm@tr@ perlrh@ent magnet for
malntalmng ta mzilg %tl(':zﬁéal DvEr {1&% ba%s( Qdﬁfa}rrlé{heérea%ff%p %Jieo)é rei erabf%/, 916

y on insig

mixing ae\nde 4 and trOZEdt viebeD3 hteg:hslﬁ)lsiécf aaRinahe @trzgahhg,ﬁie&c lﬁyld 10 of the MR
|ntrodu0|n% theminto LN2 in a finely divided form of

system dy #pyidlibe notasethathe depictad 8glddines pe r}a@lelyep@nﬂ%d todgdlipssgtive.
Advantgg%:ﬁgﬁg, t%:lﬁ é}%ngnélts éi]g 'ﬂgf)%%)i)l-gﬂgecpﬁh ﬁglsto e ?né? e85 o('s:@o%llrog%ity to the

utiron refrigerator an
MR systam Thus shOgnitnd delivheng tiesesdenofolatidiDto Theraudijet daring which the
er .to hasten

Polaﬂzaw@g Girb il dr ot G B ia rpi%re%pﬁ@ ROSUgeY O Itgcludes @
mesrs D GERD MY e b, TRLLCRF LB I8 Bl 3y o,
and a h@m séhcefonfaising theaamperatiTéef thampiterial ¢o {aaritad hyperfolariZtign. Also
illustratdd gs thfr:] ?acp ﬁllal He' p%??l%sngacrr?os{a?qqgllendopelarﬂ) e go%llrlm%tli%ation with a source 14
of *He and a source 15 of “He. A second heat source 16, that is, a source of material that can be
used to heat the hyperpolarized material from a temperature below the temperature at which the
hyperpolarized material experiences a minimum T1 to a higher temperature is also illustrated.
Fig. 2 also illustrates that system 7 includes a transmit RF coil 17, a detector 18 (such as a
receive coil array and supporting hardware), as well as a computer terminal/processor 19 for
receiving and processing received data.

In a preferred embodiment, magnet 9 is an electromagnet. This permits the

magnetic field of the transfer vessel 3 to be selectively deactivated to prevent the field of the
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are renoved fromthe chanber of the polarizing
cryostat while being kept in a tenperature T < 10 K
W@ eeoiies183 magnetic field > 0.1 Tesla. The pel | BEBUS2089/039696
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_to create a hyperpolarized m xture, such as in the
It will be gpparent tg thsp éﬁlﬂé‘ﬂ Hy the af thy yriipysapedifications ppd veiptions can be

(i . ' . i i ncl udi . .
made rfdhe Bevic Pl 88 B 0l BbOlc AR W APdcpartng from e spri
or scop¢ bthb/RissistEembadimbetsuTads, titds imentedithmt shenpgseat disclbsuet thelude
..over the hyperpol ari zed pyrecursor when the precursor .

modificadonsay vagatRIRAha afR pithigdhatcopeal thextbipe diseipsugaamsaptvalents.

t he hyperpol ari zed precursor (such as an acid or a

base i ncl udi ng hyperpol ari zed nuclei) my be

transferred fromthe polarizing cryostat if nearby (or

transport cryostat) into a transfer vessel as depicted

in Fig. 2. The tenperature of the hyperpol arized

precursor may then be elevated froma first

tenperature bel ow the tenperature at which the Tl of

the first material experiences a mninmumto a second

tenperature above the tenperature at which the Tl of

the first material experiences a mninum Preferably,

the tenperature of the hyperpol arized precursor is

elevated froma first tenperature substantially bel ow

the tenperature at which the Tl of the first materia

experiences a mninumto a second tenperature

substantially above the tenperature at which the Tl of

the first material experiences a mninmum(e.g., from

bel ow about 10K to about 200K). This may be achi eved,

for exanple, by inmersing the precursor in aliquid

cryogen, such as liquid argon, nitrogen, xenon or

krypton, that has a boiling point well above the

tenperature at which the Tl for 13Cis at a m ninmm

Al ternatively, the precursor can be heated by passing

a gas warnmed to about 200K over its surfaces. As

illustrated in Fig. 2, material formatted into a high

surface area formis polarized in a cryostat 1.

Preferably, the material is polarized at a tenperature

bet ween about
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I K and | OOnk, nore preferably between about 101K and
about 40nK. The tenperature of the material is then
WO ppa&dassl, resulting in hyperpolarization (i.BCT/U82009/039696
state in which the polarization is above that at which
it would ordinarily be at thermal equilibriun). The
material is then extracted and stored in a transport
cryostat 2 that naintainggzﬂhggperature and magnetic
field environnent such t ay of the nuclear
What isR®™digleizati on of the material is slow This

hyper pol ari zed naterial nmay then be transported via
the transport cryostat 2 to storage or a termna

ch_as .y ho erpol ari.zed
L AP il R o DR s O B REREE R Rtine

2) I Nt ravdctngtacfis (et Pshta KEh biRe faffa coatig@htidh;t hat
mai nt ai ns the hyper pol ari zed material at a higher

Penpeinat PRlarizpg Clyeet: cxrayietthe fifst elagerial to dis a aft@flperature below
about 1??%&12 f&tenr%[gg?ﬁ{ ﬁ@lﬁ@ﬁ’ %tg}aélg as(r-t)llﬁgcele %ltstg%tagl 1a1?}£)ﬁlt%1£eggéjt$ Ipolarlzatlon
of the fivesisdriad, its tenperature is preferably raised as

ui ckly as paossible acro the tenperature at. whic
Fhe TICraHNE R (RPERIUT Of B JrSCANHEH HIHoUFBF og gﬁﬁttélmatmg the
first maté?ﬁl Pe%ﬂiﬂﬁ%"ﬁ{ HE&eilif) ﬁfeq%temht%rlfﬂrlﬁt:%ﬁ]%l Pr?()faﬁ)i&g@ dpjin a
erl | ess than 30, 20 preferably,
5) se cmadt!sng tha irst Prasdrent abthyat leabeorapyhdr ehtériod kalfoom o hexture
lud ansfei ve seH 3 1s not in excess of 500 Gauss such
1ncu]33ﬁﬁPe OV BB'Br ought safely into proximty of the
NVMR/ MRl system The hyperpolarized material is then
ejected fromthe transfer vessel 3 into a m xing
2. dlbey method ofikéaim §.twheseie thevaixtwd i nsadutzomi xt ure, such as
a solution, preferably suitable for in vivo injection.
The hyperpolarized solution is injected via a sterile
3. Thétethoddf @npopet ipedtkdifly cRAMIMNYRMRlcosipsit Eneliise thB€itst material
used to carry out a variety of NVR' MRl protocols. The
prior tottheyi¢a¢tie si@Pssel 3 i ncl udes a conpartment 8 for
recei ving the hyperpol arized precursor material, and
i ncludes a nmagnet 9 such as an el ectromagnet or
4, e methedtof magofthe fporcedinp riadmgifogha coagricing endliied dhe Gir@rmaterial
tPE material during the transfer process. Preferably,
as part gi{ae [Ragtinestebvi ce 4 and transfer vessel 3 are di sposed
within the stray magnetic field 10 of the MR system 7.
It wll be noted that the depicted field Iines are
5. itee mlethodrf emyl efitht prdvediing lclesms, dtuthes . comgvising @gpasirgd the first material
ermjis.the arized material to be nelted
to szﬁ% Sﬂggggﬁﬁ%ﬁﬁﬁﬁpf%@ "MR system thus saving tine
dellverlng the resultant solution to the subject
durin ich the polarization of will decay. As
0. The mﬁtgtodﬂf oy of e eeecedingickimy, fusthes coaipaising istaging thoBshmaterial
in a hyplerﬁorfz(t:rlzeg €3ndition in a separate cryostat and transporting the first material in the

separate cryostat to a site remote from where it was hyperpolarized prior to step (d).

7. The method of any of the preceding claims, wherein the nuclei in the first material

includes at least one material selected from the group consisting of °C, PN, 'H, *'P and *Si.
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magnet 11 for applying a field thereto, a vessel for
containing the material to be hyperpol ari zed, and a
wheav/1$a63 ce for raising the tenperature of theCT/US2009/039696
material to facilitate hyperpol arization. Also
illustrated is the fact that the polarizing cryostat 1
is in operable communication with a source 14 of 3He
d a s urce 1 heat source 16,
5. FRCnRuRdi B8 P farriing RBr et b8 ngRae st R Y sreasing
the tem?é’r%kp@ﬂ (A6 FiER ehat® a8 Gidbutf hOh@ ot /IFPGTaahb EIR rﬁ@tlsﬁéﬂ’ dildestep (c).
enperature at which the hyperpol arized materi al
experlences a n1n|nun1TI to a higher tenperature is
al so Iluurate t hat tem
0. f’ﬂle methog é)?d; im’s, ﬁ&éhr%r«% &E tem. bra e 18 1n<ge% rom igr% T mclherature
substanﬂ@ll}abdl@@ ehe/@mpeiaturd bl Riich ek Isuamé tFiir4d anh!@{dﬂ wp@)enc@Sa minimum
as a conputer termnal/processor 19 for receiving
toa secg%temp@ga@gg |sp,l©stq»né1@gy oleyedhe mperptyre Bt whighthgyT1 of the first material
magnet 9 is an el ectronmagnet. This permts
eXPerwl‘?‘%:gglrragnet|c field of the transfer vessel 3 to be
sel ectively deactivated to prevent the field of
thetransf?r vessel 3 frominterfering wwth MR syste

10. gbee]:ngfhog C/Lelfne?, H\éherq}]é F}V telinﬁgafuireep%the é]ﬁst@éaterlal 18 1ncreased from a
temperé@ﬁjelbeﬁﬁ\} QJO@? foik %o E”té?lllﬂpreﬁﬁre' d?taﬁ&jt%@ﬁce | f desired,

he hyperpol ari zed precursor for making the
hyperpolarlzed m xture may be nmade on site in

| at l.0s r oxi e ystem . The .
1 e Aottt s TuGe ofteelp Brbmpftatulof B B o&frial Rigereased in the
presenc8 @8 & Eﬂa@ﬁ@h@@@& &t AR FHOWH 18 thALasbudd PaSentR PYlati@atiddrimparted
superior hyperpolarized materials and nethods for
to nucleiiikfhadirstheatedghes lost wi || be apparent to those skilled
in the art that various nodifications and vari ations
can be nade in the device and nethod of the disclosed
12, ehbaihvert €1 9 duithatepaptising tie P éthansirtihg therfirsaaferial to a
of the disclosed enbodi nents. Thus, it is intended
location; Withinith e diskt ofinddRowste afise fhederstraterialdus ressiedathg second
Liations that are within the scope of the subject
Scl osure and equi val ents. CLAIMS What is clained is:
1. A nethod of produci ng a materi al containing

13. EIX*? ar ' Crlsﬁ% Hvﬁ‘ibfﬂﬁr i Qf%eofaw@fa%rea § fg@?ﬁ@ﬁ@ﬁﬁl from the

larizif} chyds@t BRnAohF A bnIrY exposing the first
poanmh%C3%S ﬂ&h’Ohﬁgt g’te e?éture bel ow about 10K and a

nagnetlc field in a manner suff|C|ent to substantially

14 RS PR o CEnB L L Ry e et PR P S il fiaftheo a wanspor
cryostaﬁ’ﬁﬂoh‘?:@hp[@?ﬂoh'o‘ﬂgtepr(c)SUb| imating the

temperag

15. The method of Claim 14, further comprising transporting the transport cryostat to an end

user.

16. The method of Claim 15, further comprising transferring the first material from the

transport cryostat into a transfer vessel.
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first material resulting in nuclei in the first
mat eri al becom ng hyperpol ari zed; and d) reacting the

WO peosti4ara eri al with at | east one ot her nmateriBCT/US2009/039696
forma mxture including hyperpolarized nuclei. 2. The
method of Claim1l, wherein the mxture is a sol ution.
3. The nethod of any of the preceding clains, further

risi.n | t] the first terial ior to the . ..

7. SRty R B 16 St eSSy Tor Bl i b mpincaining
the firstGh@kf® in hWidoRetic g@aprising nelting the first materia

as part of the reacting step. 5. The nethod of any of

the preceding clainms, further conprising exposing the
R T R R
temperadthdibeTow tht kdrhgdrateRaRMSéHle It O itdfitsh@afelinsdx peBémet alminimum

in a hyperpolarized condition in a separate cryostat
to a secgptempariéiye AP Yegthe ranmeratare afpthighi the Til of thedirslapaterplexperiences a
]nmhnﬁgyostat to a site renote fromwhere it was

yperpol ari zed prior to step (d). 7. The nethod of any

of the preceding clainms, wherein the nuclei in the

fjrst terjal jncludes at | east one materjal selected
19 fhomethe 03 P Comdiessts thg tonperaiere apisedyt theyseppndfegnperature at
substant?xglﬁ’ th8 sarhd ﬁn@ﬁ@ ark¢ ﬁfatéi‘ﬁl/is(lfangtlaﬁe@ [RG e tPaglsfclr LB,

further conprising substantially 1ncreasing the

tenperature of the first material wthout nelting or

bl i nat.i t.he eri.al, after step (.c 9, The net hod .
0. FeelRB e e e drpiadte B sl wdbe kSR R aure in
less thaR about $irtly QERAUA L HaShEdRtrRM h;ﬁliﬁ%a A8 @M Bdd®een about 0.1 Tesla and
tenperature at which the Tl of the first materia
about 1@geri ences a minimumto a second tenperature
substantially above the tenperature at which the Tl of
the first material experiences a mninmum 10. The
21.  Whé hethodfof Oldmm & furiee t&hpridihe tHearapesfali yposin@ khet xSt material in a
. first material is increased froma tenperature bel ow
mixing gejeg Witk the fripgediplbefa Mbesystemthbout 200K. 11. The
nmet hod of Claim9, wherein the tenperature of the
first material is increased in the presence of a
22,  ragmethod of ICkdich 2it, whheredii & ledse n @oniohed sh leactingyeaptoc®0rs within the
.. ercent of polarization inparted to nuclei in the
MixXIng ﬁ?\“%ec' material is lost. 12. The nmethod of Caim9,
further conprising the step of transporting the first
material to a
23. The method of Claim 22, wherein the magnet of the transfer vessel is turned off prior to

performing an MR system operation.

24. The method of any of the preceding claims, wherein the first material includes an acid

and the at least one other material includes a base.

25. The method of any of Claims 1-23, wherein the first material includes a base and the at

least one other material includes an acid.
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| ocation within the fringe field of an MR system after

the first material has reached the second tenperature.
wa09Thasaet hod of Claim 2, further including BPE¢EUSI009039696

of removing the first material fromthe polarizing

cryostat upon conpletion of step (c). 14. The net hod

of Claim13, further conprising transferring the first

26. gﬁ%g{el 2 Jf%%}go%iélw%g% Cr%j? te%}c?fti leuf}i%? %El % se?ectec{ from the
goupc6&ﬁ§ﬁ@$ﬁ@&ﬁk&@ﬂ§ﬁﬁhﬁ&ﬁﬂxkh@d ﬁR&PQﬁ& cryostat to an
end uSer. 16. The nethod of aim 15, further

conprising transferrlng t he flrst material fromthe
[,2NSRQ Qst.a s gt ranst £s

27 ERERRARG o B BR B Tl AR i BT ke 18
i ncl udes a magnet for maintaining the first materi al
in a na%netlc field. 18. The nethod of C ai m 16,

28.  The medod @b apy PEFIAGS Hcr 2 adiern theacideinplades fopmicracisn a
first tenperature below the tenperature at which the
TI of the first material experiences a mninumto a

29. Fee orthodefpey af ¢lnensdbio¥® viteecih erpeidinviudesalctidicid t he
Tl of the first material experiences a m ninum 19.
The method of Caim 18, wherein the tenperature is

30.  TAL ARG o FASRAND A SIRALALN IR Rld I%Hl%&saé}ﬁ @k 'a&ﬁdt he
same time the first naterlal Is transferr into
transfer vessel. 20. The nethod of C ai m 19, mhereln

eraturg is raised . to.t ond t enpera
31 TS wfRBr Ahbtctibr 8 Suisihit BR B Rt R Phityd ione or
more of i&VdaRshn&itsd (vaRdidh bet ween about 0.1 Tesla and about 10
Tesla. 21. The nethod of C aim 18, further conprising
the step of disposing the first naterial in a nixing

32, ‘f“ﬁ% Hlo%o\ﬁﬁfotfh o% C|'1€ { ) vJﬂe?el tl}f: at ?eiast onelo ?liler materfal tuﬁ:li]udes

ere n a a por

sodiumr eact i ng step occurs within the m xi ng device. 23. The
met hod of C aim 22, wherein the magnet of the transfer
vessel is turned off prior to perform ng an MR system

33. PhRE ﬁl%[ﬂogrb‘f Claim 32, wherein the at least one other material includes material

selected from the group consisting of sodium hydroxide and sodium bicarbonate.

34, The method of Claim 32, wherein the at least one other material includes sodium

bicarbonate.

35. The method of Claim 32, wherein the at least one other material includes sodium

hydroxide.
36. The method of any of Claims 1-35, wherein the first material is a liquid at STP.
37. The method of any of Claims 1-35, wherein the first material is a solid at STP.

38. The method of any of Claims 1-35, wherein the first material is a gas at STP.
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24. The nethod of any of the preceding clains, wherein
the first material includes an acid and the at | east
wWor®In¥d1iey material includes a base. 25. The neCHus2009/039696
any of Clainms 1-23, wherein the first materia
i ncludes a base and the at | east one other materia
i ncl udes an acid.26. The nethod of any of clains
24- 25, wherein the acid includes an acid selected from
the group consisting of acetic acid, formc, lactic
39. @Héj Mol \Bf Gn 6T Bhe pleCedihB@1aMR S, Nebr@h tl?enﬁi'rsplfnafélrlﬁl 1'§f$rozen in step (a)
' 25, wherein the acid includes acetic acid. né
ina mametrmlm itdfas anyriafe asdagiorvel e B0 giaeardhan abept Qdinel/g.
includes formc acid. 29. The nethod of any of clains
24-25, wherein the acid includes lactic acid. 30. The
40.  meh&ded 6f magnetiofredoh anddg MIG-idvestivht®n@ifn subRc@iétidding a human
i ncl udes pyruvic acid. 31. The nethod of any of clains
subject gpother orgppig| §7iq methedicgmpysingot opi cal | y enhanced in

Pt holr R e st By EEILERG Bt A0 Endithin dgonllEe pith any o

thepnx@dﬁg@ﬂﬁﬁm materi al includes sodium 33. The nethod of

daim 32, . wherejn the at Ieﬁit one other materia
P%clu ’nﬁﬁFgﬁﬁB?n§@P§EPé@3? Bt he group consisting

S og}hﬂ)@i &? toaﬂﬂglaﬁgﬁi bf%@g&%? onali& to%mtér H&lear spin

nethod of % a|n1 wher ei n | east one ot
Umwﬁunanmﬂdepmmohudetnwbdjmnhblcarbonate 35. The nethod
ein the a ne ather nmateria

T LBt e oG HeasS Bt SR SuREd o Tany o

Clainms 1-35, wherein the first material is a liquid at
STP. 37. The nmethod of any of Cains 1-35, wherein the '
41.  fhe grethedto Claim 405 flaﬂ% FompatinSEMergyis arkpastanetpban ohage, dynamic
n the

flow dagagéifgl{siog.lc%:ka@?&ﬁlsﬁoﬂ dat% H%l sm]roglcal cfiat? 1}1}1”?%81& &laéa kromathe detected

signals.cl ai ms, wherein the first naterlal i's frozen in step
(a) in a manner that it has a surface area to volune
rati o greater than about 0.1 n2/g. 40. A nethod of

42. : ncﬁ%g‘ioﬁ ofe% Hlaﬁplc\%hérgﬁ)thé H%{f&%&l%@ied%cﬁf indhe HﬁJ{tﬁP have a Tl

ng a unan subj ect er organism sai
value ofatlémdS saopds &tianfigld &)rquth)ﬂhuhe regpge Orﬁl)d Trned ancteugieragure in the
P%?36Q9Iarized nucl ei in accordance with any of
range ot 20- .

43. A method of producing a material including hyperpolarized nuclei comprising:

a) increasing the state of polarization of a first material in the absence of a source of
free electrons or paramagnetic impurities at a temperature below about 10K in the presence of a
magnetic field;

b) increasing the temperature of the first material without melting it resulting in
nuclei in the first material becoming hyperpolarized; and

c) reacting the first material with at least one other material to form a mixture

including hyperpolarized nuclei.

44, The method of Claim 43, wherein the mixture is a solution.
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the preceding clains; b) admnistering the m xture to
the subject; c) exposing the subject to radiation of a
WO e@gueisy sel ected to excite nuclear spin trapSI/UBNE039696
in the hyperpol arized nuclei; and d) detecting
magneti c resonance signals fromthe subject. 4 1. The
nmet hod of C aim 40, further conprising generating at
| east one of an image, dynam c flow data, diffusion
data, perfusion data, physiological data or nmetabolic
45. U8 mefhoa®rahe otk §edceding icBiadb Svhefdn (i @rsiRhRAE] 1ﬁf:ludes a methyl
Claim4 1 wherein the hyperpolarized nuclei in the
group. mi xture have a Tl value of at |least 5 seconds at a
field strength in the range 0.01-5 T and at a
tenperature in the range of 20-400C. 43. A nethod of
46.  PhOBiod®f anyTBL @k ipadcedifg lclighn 5Oy HEYE . RO Bdti e L1 Ipgirs of bonded
conprising: a) increasing the state of pol ari zati on of
nuclei. 3 first material in the absence of a source of free
el ectrons or paramagnetic inpurities at a tenperature
bel ow about 10K in the presence of a magnetic field;
47.  the medrodas Chgnt 4 wherghestdeast e poftionlod thd b@idedrab@eii aad
wi thout nelting it resulting in nuclei in the first
hyperpqlgfizsfli al  becom ng hyper pol ari zed; and c) reacting the
first material with at | east one other material to
forma mxture including hyperpol arized nuclei. 44.
48.  Ahecthred hbplrodficity ainmmtetB] covianmighypéipolarixedinecléiscamprising:

| ut 5. The f f th
21 ai T o Rgept ag g BE SR e GECS bt spfgse area
anﬁ@ugﬁﬁﬁp 46. The net hod of any of the preceding clains,

wherein the mxture includes pairs of bonded nuclei.
by, Tieragemp o wicled polmizsiongh dreglingt matetiglasnd a porti on

g}t the 8re%£11(rjle(Eihentl‘lCI fe:ratu%{: 5t &1% Ff‘lrs F%151)atgrr1 l%rom a ﬁrst tem%eaature%elow the
ucl n contai

temperaﬁlhl@aewmdhaﬂ@ﬂ“l $f 1@ first material experlences a minimum to a second temperature

above the temperature at which the T1 of the first material experiences a minimum without

melting or sublimating the first material within a time period less than about thirty seconds.

49. A method of producing a material containing hyperpolarized nuclei, comprising:

a) formatting a first material including a methyl group into a high surface area
configuration;

b) increasing the nuclear polarization of the first material; and

c) increasing the temperature of the first material from a first temperature below the

temperature at which the T1 of the first material experiences a minimum to a second temperature
above the temperature at which the T1 of the first material experiences a minimum without
melting or sublimating the first material within a time period less than about thirty seconds,

wherein less than about 90 percent of the polarization is lost during the warming step.

50. The method of Claim 49, further comprising reacting the first material with at least one

other material to form a mixture including hyperpolarized nuclei.
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a) formatting a first material including a nethyl
group into a high surface area configuration; b)
WO ppa&dsnhg t he nucl ear pol arization of the fiPGI/US2009/039696
material; and c) increasing the tenperature of the
first material froma first tenperature bel ow the
tenperature at which the Tl of the first materi al
experiences a mninumto a second tenperature above
the tenperature at which the Tl of the first naterial
51. AXRA&hbEBERDIAIAE RiANaMSMRHIn B HEIpBRIriOEd SitMil FBRhAhe:
the first material within a time period | ess than
about hypeirpalgrizdes » gk matgial;Andet hod of produci ng a
terial_ _caontainin rpol arized nuclei, c rising:
B F bRt ERRYRCpeal R HOBR i FRhelifis Setoor BERG1S: e
which tB¢ DUPF thHetfstamiteg4l expérdcnces Dmaamealol aiet@id ©mpeljure above the
i ncreasi ng the nucl ear polarization of the first )
temperaige af Waich thgd1 of thediptanaipig ex periangpipematipug withquignelting or
£ 3 j froma first tenperature bel ow the
Subllm{tlcllelg‘gﬁeer%?t@éeeg%l'\Ahi ch the Tl of the first materi al
experiences a mninumto a second tenperature above
the tenperature at which the Tl of the first materi al
>2. é%ﬁ%tf“?‘éﬂ ROAuCing AW HBD ST PEIPAG I8P Bebt FRERRTHYS:
bpe f gttt ahabhilllh® Ahikh TErRELIA%h ESalifiAn
about thirty seconds, wherelin |ess than a3b ut 90
per ceinta pdlatitieg poybstai, zepdsong the filso statatiat tondlet dt@ tevaperntuge below

ep., 50. The.nethod of C aim furth conprising . .
sbout 130 a ienidS i o dubbeaflar o syoofaalSly GRER: Heg Piarization
of the fil@h@ltddl: 4v@ fOorm a m xture includi ng hyperpol arized

nucl ei . 51. A nmethod of producing a material containing

Ry per frattarg the dirsiuedtesial widrasddast ong:othey niaggrel profoam azinpgure
includi ﬁi sl arg%&gi 8|ei; and b) increasing the tenperature

1o %I Ir's Ferrperature bel ow the tenperature at

which the Tl of the first material experiences a

mnimumto a second tenperature above the tenperature
53, Atmethp¢ Af preductpg amixtyee inFludinghypeipplarized peslsi sap@sisiag:

| Ni . i I | ' e first
T S s
bpnt adipexingwhp eraeotsar inzthel stnaclied of e MR bystamg: and)
formatting a first material into_a high urfface area |, .
thnf i fArats & Pragprsphwy Sbleastiope AEeE Mpial® 083 dsBge including
hyperpdlit&zeliinusfej material to 3He at a tenperature bel ow

54. A hyperpolarized material made according to the process of any of the preceding claims.
55. A system for producing a material containing hyperpolarized nuclei, comprising:
a) a polarizing cryostat including a vessel for exposing a first material formatted into

a high surface area configuration to *He at a temperature below about 10K and a magnet adapted
and configured to provide a magnetic field in a manner sufficient to substantially increase the

polarization of the first material;
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about 10K and a magnetic field in a manner sufficient
to substantially increase the pol arization of the

WO peosti4Gret eri al ; and c) reacting the first matRCT/EHE2009/039696
with at | east one other material to forma m xture
i ncl udi ng hyperpol ari zed nuclei. 53. A nethod of
produ0|ng a mxture including hyperpolarlzed nucl ei

[ vi.din ecur sor C

B0 per pBri sl aferoiy e Pe S5t bt Bibasriaf ithou
meltingld? Quisith@hef th& Fiche @fatcdal Muging i flicl@ng 1 fik€askHMbbRing

precursor wth at | east one other material to forma
hYPﬂPQﬁm%ﬁdr@Kincludlng hyperpolarlzed nuclei. 54. A

2)%/ per g (r)rluglrnltgﬁg\qlﬁfr: eog ée cﬁlélg ct: c 1rsta § C i dlI ngh Elt Fés*t‘ 8?8 5t%grer§1§ter1al to
form a mmﬂmna@dlag eﬁpcblaﬂlze;aqm:m nl ng hyper pol ari zed nuclei,

conprising: a) a polarizing cryostat including a

vessel for exposing a first material formatted into a

Aar at a

36. @h@ S?%%Efgﬁ%eﬁ§aWﬁ oﬁ¥ﬂ§%§%hﬁ§5%ﬂ§£§et adapt ed and

conflgured to provide a magnetic field in a manner

sufficient to substantially increase the polarization
ST She vt pray HebePicasding clains fUthehepPEBT & &°°0Bf heat Source for

melting' tﬂ@flfs@ﬁia&glai tﬂ)ﬁpe‘fﬁm ﬁltsyﬁl%teﬁ)ifal foiadei rst materi al

g or sublimating the first material
resultlng |n nucle| in the first material becom ng

oIa n evi c reactin . .
s THESHRRLB CRRE oot P P Pud e S nebiach b v
thefirstfrﬁﬁtaalﬁ1m§édrlﬁtmﬁi agideyper pol ari zed nuclei. 56.
The system of C aimb55, wherein the mxture is a
solution 57 The systen1of any of the preceding
59. y@e’m {)ﬁ o%rth pet dlng H?m%s ?urﬁler c?mﬁrhastlngs r%lél:gu%sefor exposing the

first mat@iaﬁt’d 4ZHe df@r Eﬁﬁﬁtng tﬁ@flrsfh&tfﬁmstoé’mwf A ai m 57, wherein
the second heat source includes the material with
which the first material is mxed in the m xing

T
60. gér/ % germ ggan rclﬁgPe:%I% %ﬁ@él}g@‘r{y g%hgg Pﬁrxgl&?ﬁﬁgegklﬂgstp%h%%tat in
which thafisst materiabindHeypafiodarized posdition ishheoréd, itisd tramdpert cajostaobeing
suitable for transporting the first material to a site remote from where the first material was

hyperpolarized.

61. The system of any of the preceding claims, wherein the nuclei in the first material

includes at least one material selected from the group consisting of °C, PN, 'H, *'P and *Si.
62. The system of any of the preceding claims, further comprising means for substantially
increasing the temperature of the first material without melting or sublimating the material after

the first material becomes hyperpolarized.

63. The system of Claim 62, wherein the system is adapted and configured to increase the

temperature from a first temperature substantially below the temperature at which the T1 of the
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60. The system of any of the preceding clains, further
conprising a transport cryostat in which the first
woredoend@b3 in a hyperpol ari zed condition i s st oPEHUS1008039696
transport cryostat being suitable for transporting the
first material to a site renote fromwhere the first
materi al was hyper polarized. 6 1. The system of any of
ece ns, wherein the nuc

din th st
first majgah P cnosd ABENAR 9 BASTD Heprar ot b ek Bt i,
temperathﬂ% aBWAKA (ROTS bf teTstQhatdi3FexpaMncddh mbikinand 29Si .
. The system of any of the preceding clains, further
corrprl sing nmeans for substantially increasing the
64. rrFys [0 Bf glatlrﬁe%h\% Iérlfnlrnzt es tegrr:l ﬁsfll al\é\ﬁ@?ti?lrs(?{ij tconq:':"lutrel: i®drease the
temperebrﬁ@@ﬂﬁ&: ﬁlﬁﬂﬁﬁt@ﬁhl&mrﬂ @dempPFatulditel Sy ab&IN IOK t@a&brﬁp@r&ture of about
wherein the systemis adapted and configured to
200K. jncrease the tenperature froma first tenperature
substantially below the tenperature at which the Tl of
thefirst material experiences a mninumto a second
65.  Therpereat uf €lagulest Antheaddnyprashgvetritiéertvesspefoateseyigg the first
which the Tl of the first material experiences a
mateﬂahfrﬂmﬁﬂ‘rﬁra@@m?ﬁé’s%st em of O aim63, wherein the
systemis adapted and configured to increase the
tenperature of the first material froma tenperature
66. “rBhdz sywtealboﬁ@lairm65t where'tnehp onatferesel irmboles a 20@Ket f665maintaining
stem of further conprising a transfer
theflrs%%tgré 17 8/M3EBEL 6‘?1% the first material fromthe
transport cryostat. 66. The system of C ai m 65,
wherein the transfer vessel includes a magnet for
67.  ‘Wh¢ pisteinhphiglaim &5f further eraprsing a inixing desgerchor ceckivegthe first
materlafs?romtﬁe galys?érevrfr:] S%I Claim65, further comprising a
or receiving the first material from
the transfer vessel. 68. The system of C aim 67,
wherein the m xing device and transfer vessel are
68.  Fbaprstean ahlaém6fi wheretn the npeing geyige eyl (iansar yegsglare adapted and
ystem of Claim
configuff B9E opbI vl et S e o IR el Veccel 1 5
adapt ed and confr gured to be turned off prior to

rformn n MR system operati 70. _The s ocg
69. iﬁwﬁfﬂwgﬁﬁwﬁ Bherelibiar Banetiol e (faopfersie el pogieccand
configutddHibe t@he P prior to performing an MR system operation.
70. The system of any of Claims 55-69, wherein the first material is a liquid at STP.
71. The system of any of Claims 55-69, wherein the first material is a solid at STP.

72. The system of any of Claims 55-69, wherein the first material is a gas at STP.

73. The system of any of the preceding claims, wherein the first material is in a high surface

area configuration that has a surface area to volume ratio greater than about 0.1 m*/g.
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71. The system of any of C ains 55-69, wherein the

first material is a solid at STP. 72. The system of
wW@eeondc1sd ai ns 55- 69, wherein the first nateriBCT/US2089/039696

gas at STP. 73. The system of any of the preceding

clainms, wherein the first material is in a high

surface area configuration that has a surface area to

olume ratio greater t about 0.1 /9..74. A system
7. St BRtiost IR Teeatiog o h st it hBman
subject bR&thEEbB8hidm ANBRIFS URic@EtoRpri@tdier organi sm said MR
system conprising: a) nmeans for producing a m xture
pncl udieae oy peodpong pinziathraineluding hy pacpotargah oeclei in lacepmgance
with anOffEh%er cre&%e%ﬁ Q%S,cl ainms; b) an injector for
Adm P&l ﬁgat € mxture to the subject; c) at |east
pne radingecidrdauantiniseink thomi-auRas kikGubjet; subj ect to
radi ati on of a frequency sel ected to excite nuclear
§hi n ftrlaiss prg B frefueney eRibieF parostigAbelsuhirat & radigtign @f a
r i . i . ' |
frequenfy S8 L O e p R n S b Y ROREH e bRRPARAERA SRR R,
épnpr i detagonfadstetiig magetiatresogast sighaktirameeaubgnt.
i mage, dynam c flow data, diffusion data, perfusion
data, physiological data or netabolic data from
75. ?hcgg}%te?n bEERINEY, fu @l éd?ﬁprﬁsﬁ{ LQfs for' &ene _tiﬁ%%% RBtRE of an
produci ng a material including hyperpol arized nucl el
image, ¢yrapri¢ Spowgtataaliffrsmmslata peifurcoredaa, mypytihmgshdaa of metabolic data
f . po arizatdﬁn z{l 1? fitrst material in the absence of a
rom Slé@hﬁ%%el?ﬁ PRI E Mons or paramagnetic inpurities at
a tenperature bel ow about 10K in the presence of a
magnetic field; b) means for increasing the o
76.  Aevyplemdionprdu¢ing hendt¢nial inokydieg hyperpdlatived uphe] ednpyising:

resultinlgsijn.nucl.ei in.the.first materi.al bﬁcoqi.n
mefl oI 1n&_reasm% the stdte of gol f1zation o tal.flrst 1’{1 em,iE Jin g}e absence of a
perpolari zed, an C nmean or reacti ng e Irs

source ¢¥ete@ldlédrons bhpaimh@rst irp@itshen temieeitl@! beldv higuinl K in the
m xture including hyperpol arized nuclei. 77. The
presencg 9§ p g1pgBeticHigldof t he preceding clains, wherein the

Ejf rst sefroi;l ﬂl!cré'a%g glﬁjeeém@l:ﬁﬁﬁg ¥t t\ﬁ%rfﬂé’c![}natzlﬁal wiltBuehehdie
of any of the preceding al ns, ereln the mxture
resulting MChwide Sn pee first mtebariegecmimgdlyperpolarized; and

c) means for reacting the first material with at least one other material to form a

mixture including hyperpolarized nuclei.

7. The system of any of the preceding claims, wherein the first material includes a methyl

group.

78. The system of any of the preceding claims, wherein the mixture includes pairs of bonded

nuclei.

79. The system of Claim 78, wherein at least a portion of the bonded nuclei are

hyperpolarized.
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79. The systemof Claim 78, wherein at |east a portion
of the bonded nuclei are hyperpolarized.80. A system
WO 2009psaadiici ng a materi al contai ni ng hyper pol aPCRES009/039696
nucl ei, conprising: a) neans for formatting a first
material including a nmethyl group into a high surface
area confi gur ation; b) means for increasing the
nucl ear. pol zation of the first erial; .and c) ..
80. ﬁe%(ﬁ@mffBF P9 8?18%&%“11% éo‘?té’ﬂﬁhgrlaipﬁ’@é’ﬁ%’fz‘“@ Rcley F%rPl)’rlsmg'
ARt er hﬁlansffbpfﬁrﬁlaftinﬂg%tfntsﬁtﬂ'ﬁ?t%ﬁﬁ‘ltlﬁélﬁdliﬁg|acﬁ'ﬁéth§fl%roup into a high surface
tenperature at which the Tl of the first nmateri al
areaco@i@@?ﬁtio@nces a mnimumto a second tenperature above
Bge tl% 118 f%% i'lnrcreeasm elrtl:ut%%e%lp ﬁ?llll‘lz on o?%leftllrsts %ﬁ{é%%lt%r'l
peri efnces a mni 0 ing or su
the fhesis fﬁﬁhﬁfda@ﬂrlg \thel BinPetirt BEthR erstQﬂaté@:ﬁﬁdnh@ﬁrst temperature
about thirty seconds. 81. A systemfor producing a
below thgytegteraturg @ﬁwamhuthnghyﬁ@ﬁé@Ftan@tez% CHPRIICAPSS RHPFLE] tRg: second
tempera%lre hE ?Jm}lge%tﬂpetit l\xylll athg 'T? S e L ﬁlg‘éerl%ﬂ%gﬁ%tﬁgs Zminimum
nmet h grou nto a h| surface area confi gur at
Withoutbl)lelﬁﬁgmssdohmatmg the&a'stngatéhﬂ wiittd h aaimqopﬂr'm)dilmtthmmboﬁt thirty
the first material; and c) nmeans for increasing the
seconds, epperature of the first material froma first
tenperature bel ow the tenperature at which the Tl of
the first material experiences a mninumto a second
81.  Aelypemdbupedabioge nidterial eppematginpegolanized huctléneCﬁhpming

%)Elet :‘ i st fmafﬂﬁm :lH.FI e{ l’ﬂgtg?lfl iné u%{; la rrpgb"fﬁrwﬁ 1htg,a high surface

areacoﬁﬁg{@atgﬁrl od | ess than about thirty seconds, wherein
| ess than about 90 percent of the polarization is |ost
Bur i ngle@mﬁefov\mcmaﬁlgg ﬁ@wcl@zpolméatwsqf & forit mafanm 8ud

L)g{ te:]er F.I(I:Song et as@%asetatemﬁera{ r e? &1 r}% :ﬂf:rlz%l frofrn a flrst temperature

below the ¥hipetatindat WHichghdypef pelfist rﬂzﬁémzﬂ léﬁbc&lenc&?a ml-hlﬁlytﬁi t®m second

for producing a material containi hyper pol ari zed

ternper%ﬁlaréwgpve By ﬁﬁgnp%ﬁltwg% at yphighethp d 1f06ﬁhﬂr¢§r|§bm5@rlaquxz)m@cas a minimum
f [

without rfééln%%;% g%u?ﬁelh%bn% ﬂ{%(%%lpt)r rg%@ﬁ%tsvélfrt}ﬁg Ia tlﬁﬁ%(;[%?l%dpgssttﬁh% about thirty

secondd, etpeialesy thail eb@u9o0 Ipercemtnienapal argzagion whiostduiring tHd wadming step.
the first material experiences a mninumto a second
tenperature above the tenperature at which the Tl of

82.  TREsystdn’ bf OBEARS ur@XP&IHRRGRSMBarTIH M Hfng the first material with at

least one other material to form a mixture including hyperpolarized nuclei.

|

83. A system for producing a material containing hyperpolarized nuclei, comprising:
a) means for hyperpolarizing a first material; and
b) means for increasing the temperature of the first material from a first temperature

below the temperature at which the T1 of the first material experiences a minimum to a second
temperature above the temperature at which the T1 of the first material experiences a minimum

without melting or sublimating the first material.

84. A system for producing a material containing hyperpolarized nuclei, comprising:
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wi thout nelting or sublimating the first material. 84.
A system for producing a material containing
woypengpabari zed nucl ei, conprising:a) neans foPCT/US2009/039696
formatting a first material into a high surface area
configuration; b) a polarizing cryostat including
nmeans for exposing the first material to 3He at a
t.enper at ur eIOM/ab t 10K .and a net. for , .
b BTG o5 AIGHRA Tt DGR e R A sk precioafigurgon:
pybst é‘ﬁblaﬁkﬂ ck%@ﬁfa@ﬁ&ﬁd‘iﬂgem%s@{)ﬂ Sbbiap tef fikh@adklifisb *He at a
mat eri al a mxing device for reacting the
temperaftmneévplorm@ut 0K and h magnetefas gengrasingtapagnetie 8eldah atganner

suff1c1e£1t to sugst tlahgrlnec fl:argg h%dplél) agniz)%gg SoP t%l [ Ze(iierlatll n%l . 85 A

h)y per @ﬁhﬁﬂhg dedlica £tﬁr|r@dctlﬁ§ R fliSi Iﬁ@terlal)wiﬂlﬁaﬂ'léasf; Ofie other material to
providing a precursor including hyperpolarized nuclei;

form a pixtyseapdudipg hypespriaiizeg nuskeipr ecursor in the stray
field of an MR system and c) neans for reacting the
precursor with at | east one other material to forma

85.  Aisyttamefor peiducihg g niiype: pelwlingzegerpotdrzed nuclei comprising:

a) means for providing a precursor including hyperpolarized nuclei;
b) means for disposing the precursor in the stray field of an MR system; and
c) means for reacting the precursor with at least one other material to form a mixture

including hyperpolarized nuclei.
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