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Serial No. 60/802,699 filed May 23, 2006 and U.S. Provisional Patent Application Serial No.

61/042.239 filed April 3, 2008. The disclosure of each of the aforementioned patent applications

is incorporated by reference herein in its entirety.

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

The present disclosure relates to improved materials inclnding hyperpolarized

nuciei and technigues for making the same.

Description of Related Arnt

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”) B¢ 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.



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. In each of the aforementioned examples, Dynamic Nuclear Polarization (DNP)
was used to hyperpolarize the precursor molecule. In this process, the molecule to be hyperpolarized
is mixed with a polarization agent containing a source of free electrons, typically a trityl radical (TA). In
some instances an electron paramagnetic agent (EPA) may be used in conjunction with the TA or by
itself. This m%h %}Qf p ez{%oéarizriuion d’s r&t%i tic for. i vivlo ae,p&ica,ti(gn , TA/EPA is
strongly contr,aindicatec? ?or f)n ?/fl%o a[gprﬁggtll(())?%. elz%e %@y&l?ﬁdgt then be %taf?rfélelﬁ% removed prior to
injectiornes tiiedHP InpearidiriEo the veectnwieneleotigol by ihatipre fasth hel otratdeisd teat survives after
fitration ob b AYER A Iniel RiGSERIacleloMOIRPYS SRl P YEIR Al PRASHIEIB gl ampunts of

y

TA/EPA have not been established by the FDA. Furthermore, use of this technigue is not amenable to
the readyiahspbredristordgsurnpémsian slesiarampmagnetic Tppye(HifY maydipgwhied in the art

for impreyed RRBIORRASE:LY Mankfagiire, transport and use of highly polarized materials. The present
disclosure provides a solution for these problems. SUMMARY OF THE DISCLOSURE

Advantages of the pré8iiraiefoelinmndericatieainnrrblsmpichng apyrentisrsitntnes déscription

that followssAdditianaloadvamntagrscaldh edigclnsugpidhimeEeatized ome Atkaiseddysdhe methods and
systems ‘Eiamc Iarlélf)oin&ed_out in the written dﬁcription and claims gereof1 E%s well as from the
append S BFEINGEROved Priqri o ERETaTRE S Al BE LA LB R R PSR ASVEHARE R the

purpos_etl&f Iﬁeiﬂsis@ﬁ@su’rﬁ, wbmﬁ@@h&@ﬂ piﬁtmﬁaﬁwectsﬁtﬁ pi?&ﬂﬁﬁ;dtﬂeﬁf.om&amethod of .
producing.2 majerial containind typerpolarized luelel. the method includse (ymattig @ frst materia
into a high'surface area configuration. Next, in @ polarizing cryostat, the first material IS eéxposed to
3He at dtetnperat)nesdefahisibduti ik and anmagrietic thelctad atraapoaresthcigabto substantially
increase th rﬁqlari%agogtof tpe first material. The temperature of the first material is then increased

. OldrlZ crial, . . . . .. . . .
without mer g or su Tfllmatlng the first material resulting in nuclei in the first material becoming

hyperpolarized. If dedihesek th’_esﬁmmtgﬂwdénﬁéﬁaﬁémé@méﬁmgﬁm Tothranwhatevial to form a
mixture {pcluding YRes BRIAlEEd BHESL P{l‘éﬁ%x?é?Q94%%%@5%'3%%&1&%99(?{9%%@99 solution 0} further

accordance with the invention,” the mixture may be a solution, If desired, the first material may be
melted [SRSE RFoBleEs a part of, the reacting step. The first material may be exposed to 4He after
exposing the first material to 3He. If desired, the first material may be stored in a hyperpolarized

condition in a separate cryostat. The fi r@} Elfﬂ% g3y rﬁed in the separate cryostat to a site
remote from where it was hyperp ' aterial with at least one other
material to form a mixgutedngedirgnbyResnalarnizraduntclgl. 1 REEHHARGAVHHERAIpAes embodiment,
the nuclei in the first _materi}zill irfmlliudes %dheast oin% material %e]glecé,edifrom th_elzl%roupl,cogsis(tiing of 13C,
15N, 1|_|f’r%r_|a_|5h§ﬁias¢§ptloni at follows. ifional advantages of the disclosure will be realized an

attained by the methods and systems particularly pointed out in the written description and

claims hereof, as well as from the appended drawings.

To achieve these and other advantages and in accordance with the purpose of the

disclosure, as embodied herein, in one aspect, 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.



In further accordance with the disclosure, the method may further include substantially increasing the
temperature of the first material without melting or sublimating the material after the initial temperature
increase that results in nuclei in the first material becoming hyperpolarized. For.example, the
temperature‘%?a%?%gé}'i‘r%%ased from a first temperature substantially belo]\j\‘/j /lé g?ﬁﬁ}grg%ﬁre at which
the Ti of the first material experiences a minimum to a second temperature substantially above the
temperature at which the T1 of the first material experiences a minimum. In accordance with one
embodiment, the temgterature of the first material is increased from a temperature below about 10K to

a temperature of abotit 3R arF ERBFaSHELIGA SR RSN ERY Bie aob8Rattire of the first

materiabmaydehincieased intheresened pfiarmagnsatic fietdb Al raiemigerein Bssithan about 90
percent of polarization imparted 0. nuclei in the first material is Jost rdance with certain
preferre@aég?ﬁjo%a}%egr‘ftgf( (Seefﬁgtr%p%?a Ureof ?ﬁg’%?é %ﬁ%ﬁ?ﬁa@%%ﬁ?ﬁgg gfn&f%,\gustresence of a
magnetiadietthbimayrbteswwhdrizin opstndariatxbon 8@ R0inG05e5ar40¢1305120, T drrS peteadit of
polarization imparte uclei in [ ial is | I ' 8filst al.may be
transporrtneag '{[{)Q gr oc %%érﬁp \%ﬁ#?ﬂ% g}%gngé%%%%? gﬁﬁ%gﬁi%i%@%&%%g%%rial has reached the
second peinplersaaréng the firstmagtherabas ddan casvithethaagiseldsfremiaanrbtfoa i &dditionally
include H}%&&%ﬁaﬁfzéﬁwmg ihecfissimatenal frorrdheolaizing cryastaladien the dpitial temperature
e

increase that results in nuclei in the first material becoming hyperpolarized, .By way of further example,
the metReicHEyTeHfRT ahiErRidens it g trEHr MBI P R i Rbriery O5tdt afte Pfe initial
temperalige increase that results in nuclei in the first material becoming hyperpolarized. Accordingly,
the transport cryostat may be transported to an end user. The first material. ma n be transferred
from the transport crydstF IRt EEF ?{%W%}Es%g IEHR SR éli%%% IHSLES g‘aﬁermanent magnet
or electrarhagmet foimatnianingthedirstmafetiabintannedieticiiieldndiegoethbmatydtirther include
increasing (he lempsratire fom 3. st ismperaice Belawihe, lsmperalie alich s Jg.of the first
material experiences a MIRMUNT to a second. emperature above the temperature at whic %he Ti of the
first matbyictrexperiehcEs:araimphaLiin: Ehedstmpensty i meay bed biswd torshiswecttedtemperature at
substantigdyde.Repadinedie-dstmatgiahis. nsieend g hadianslatrasel g amperature

may be raised to the second temperature in less than about thirt@}e}con S in a magnetic field having a
strengthtbétiveeridpene o Tadisig BhBpr ¢ oh sapperature at[kiighitls heedbafed WakHak disclosed

embodiragntsethesnsthedunayriudhsninslugeibssiap ofidisnogingthe-firstamatedalin a mixing device
within the fringe field of a MR system. Preferably, at least a portion of the reacting step occurs within
the mixifRPtFEVce. TeetiahSiem i amsR s B e g e ol & RRRETEr S 858R1Y rHbly turned off
or otherwiserdgactivatesghamshistted pegy, eepesipsrning anddRisy sterriepamtianincreased itn further
accordance with the disclosure, the first material may include an acid and the at least one other
materialr%}?agf?ﬁ%?ﬁaggaa %@?Wn%’ﬁ?% Behat ‘5%’8{%‘%3%??5 Erlﬁiaa?[)eor‘i?;tlIargr% %/r‘fﬁ]éh?ée éaglazgs{emélnd the at least
one othempatediab maieincliddion ragictiAccomdinglys theiasid widycirstiudedaradidrseddotedifrom the
group cqpe RING AL AeclaRa G BRI AL BUSTEsaply i aghisdspiopiealy
enhanced In orie or more of its carbon sites with BC. In accordance with on€ embodiment, the at least

one othewrntorlasditetodbss GdiuH, @R 4R thelidM vef wakanh Hhyriresicrsiam trsrdedam
bicarbongtey|n,AgeqiHaRGEwih Sl frithgeemhodiment.efistinatetslrayde slauid, solid,

and/or gas at STP. In accordance with one embodiment, the first material may be frozen in a high
surface aFéBiREHTHINERBASOCANR trse e he dustanrterpbhimEseifd fredtePtfan about 0.1 m2/g.
In furtheg-agsardance with the present disclosure, a method of magnetic resonance (MR) investigation
of a subject including a human subject or other oggaﬁg)ism is prov[iﬁ%g. Theén.e.tho incl d{izstﬁalroducing
a mixture including hyBetBOIE RS TRIGE P AL SR RE S e Bin T IR AR HOBARRATE YD e subject,
exposing:iecsubjestiig thdfatiomatdaieonaheypdetediedtpoenciéauindaitapar@nsitiens in the
hyperpolarized nuclei, and detectin netic resenance.signals from. th biect. In an
aepect, e Mo e e B e L P Sl tenciucing o
human subjepio ot hertiord anis fv; Saidneletssthedmprigithg first ma)gsrddueingranapixteeitiuding
nvperpolatizatitiel ARelngd ABRUE: ma BLAXRRIINGINE ADIRSLIIAG:HAR Bapnadministered with

the mixture to radiation 019 a frequency selected to excite nuclear spin transitions in the hyperpolarized
nuclei: ahgperpolarized. Accordingly, the transport cryostat may be transported to an end user. The first



) detecting magnetic resonance signals from the subject. In further accordance with the
disclosure, the method may further include generating at least one of an image, dynamic flow data,
diffusion data, perfusion data, physiological data or metabolic data from the detected signals. The
hyperpolarized nuclei in the mixture preferably have a T1 value of at least 5 seconds at a field strength
in the range 0.01-5 T and at a temperature in the range of 20-40C. In an aspect, the disclosure
further provides a method of producing a material including hyperpolarized nuclei. The method
includes, pereasing e sein haslazalonal aliskuaisdatindis ahsencagl aspugaghiee
electrons or paramagnetic impurities at a temperature below about 10K in the presence of a magnetic
field, inciesssingpihiacwperstarenofthagret pnatesisowigist fonelungines tiadgsimaeiel in the first
material.hecaming iy perpalatize dhAng ieactingine fiish maerilamih ahirasbAnemther material to

form a mixture including hyperpolarized nucliei. The mixture may include a solution, among other types

of mixtut@gperature bglo fifempesryan et e Giseldbaridstietrath SHRCHBAH M RBREM may
include gahecimertapvherringbecfirst iateriahipsludespaaetnyigreunsBywamekistagsfxample,

the methads described herein may include embodiments wherein the resulting mixture includes pairs
of bond @ HES:. PRESTABTAHIM %@ﬁaﬁ?&ﬁ%ﬂ%%eb%ﬁd@awer@?ﬂ‘a%Sﬁyaax%albﬁ%&m In an
aspect, the-discinsureiHthes presides) anmeathacheifpreducingradeaipdal:crniainmgrhypetpolarized
nuclei. The method includes fo%natg%?%first material includi%? a metﬁy&f%otjf into a high surface
area cotgFASH TRT R JHses AR ot APLAtRSATSE dle APaeRshEa Rl AR TR &SEL8Y the
temperdicirecoh Uiedirot IMTatériadraroua fdSEddmperature below the temperature at which the Ti of the

first material experienc minimum to a ng.te ratyre.above the te ratur which the T1
ot R ThE disEI0Ra b Gdtne sﬁt o e

. : ¢r accordance wi embodr 1s, the a e
of the first material experiences a minimum without mel ing or Subfima mdnt%e irSthatenal within a

time pelipdués sitheiepaticlirpninty Sectnt sidiera othemaspe dstive didio e éralgo fpridvidesvBRmethod of
duci . taini i . ) _ : ir<t material
el e ation of

the first imaséeialessabisnsasagingritm b m peg dremelatversdinstreieeabdy fronsdaifsirtelrpeisture below the
temperajure L whighiigdtd fidbs HekpAlar ahReHRRGE S A A13IMUM to a second temperature

above the temperature at which the TI of the first material experiences a minimum without melting or
sublimating the first naferBsvAtRidRIH & bk Hiadieslo tian the Sut Mty b Sehdaciiie minddss than

about 9@, peteanialihe-RAIRIZAlIGMISIaSINNGR NBEsASHY the temperature. dRfuihel.paardance
with the disclosure, the first material ma&éfge reacted with at least one other material to form a mixture

includingPiderbbrarizad htildram dtcofm e tthearapiereiel emtsoutnehtseagdhan about
80, 70, 66s5acHide 30,2203 sk:acd Paicent Bbtha palRtzationdsiostihRring Rasiade emperature.
In an aspect, the. disclosure yet further. provides a method of producing a material containin
nyperpotBo i T THE SR eI UL BB o AP G PP ShAHER At i he
temperaitrerdiiheWithtomatediakiiroen atfiesit teasp enatotte belowith énténdpe ratlivenaguwvh ichiihke T of the
first matFriaI e :p%rien%e %m'nim mtg sng%onagbtelgg eer@lt%goa%o%% th%jterrﬂpelggﬁ%e at which the T1
of the first ma er(l)a}ué?(p flences a minimum without melting or U aﬁma‘ﬁfﬂg %ﬁe irSt material. In
anotheraspabinthg thediosmeaistil furhbe plowdbsdidetidie giprofliCintraswatbrat cotitaming
hyperpolan lej. I i i ial | ' face.

co e L B A Y o
about 1@kuafigcaraatneciome e arpatairibaselffieidht 18 &ibstantially increase the polarization of the
first material. The mefhod.@l50, laGIHAES. FeRRURO Fhedirsh rigHal Wbl deash ARR RIha matgrial to

form a mixture including hypetpolarized nuclei. In an aspect, the disclosure alsorgrovides a
method OfprdaTrsherHIh R ara et IRy Hyp erpuRit AdIs e CTRERLIRRT SR Ty 4 5dretifsor
including, byarpelanizesanieiels disRosiRadbe areasapilinestay fieldRtam bR sysiem, and
reacting the_precursor with at least one other material to form a mixture including hyperpolarized
nuclei. 2dministering 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.



In accordance with still a further aspect, the disclosure also provides a hyperpolarized material made
according to any of the processes described herein. In further accordance with the disclosure,
in an aspect, 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 3He 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 polarizafipp,of, (e, sk MRIGRlaChe aealsm il Rdudena Digipat source for
increasing the temperature bf the first material without melting or sublimating the first material resulting
in nucleitimettiediien nfztenkicbevohwitiegts/punsolaied . oT keheysternisnl feidraethed\igaLEsmgking device
for reacting thg first maigrial ythahlraskARe.9thes Maieialdadenn.s Mixue:ssluding hyperpolarized

nuclei. In further accordance with the disclosure, the mixture may be a solution, The system

may further indllide ac3Besna hesrkisarededranbesh gimenirersAatéhdheape it thediriaterial to

react. The secana heal S ES Rav.incude pr matarishnithnvhighihelfisstmaiasakisamixed in the
mixing device. For example, the first material may be melted by dropping it into the material with which

the first materi&l is mARECIBY TASPERFURIRNARSE SRS Ha%/BE FR¥EHal may melt prior to contacting the
material with which the first material is mixed. The system may further include means for exposing the
first material to 4He after exposing the first material to 3He. In accordance with a further
embodiment, the system may 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 first
material to a site remote from where the first material was hyperpolarized. In accordance with a
preferred embodiment, the nuclei in the first material includes at least one material selected from the
group consisting of BC, I5N, IH, 31P and 29si. In accordance with another embodiment, the
system may include means for substantially increasing the temperature of the first material without
melting or sublimating the material after the first material becomes hyperpolarized. The system may be
adapted and configured to increase the temperature from a first temperature substantially below the
temperature at which the T1 of the first material experiences a minimum to a second temperature
substantially above the temperature at which the Ti of the first material experiences a minimum. The
system is preferably adapted and configured to increase the temperature of the first material from a
temperature below about 10K to a temperature of about 200K. 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 vessel can be adapted and configured to be turned off prior to performing an MR
system operation.

4da



In further accordance with the system, the first material can be a liquid, solid, and/or a gas at STP. The
first material is preferably in a high surface area configuration that has a surface area to volume ratio
greater than about 0.1 m2/g. In an aspect, the disclosure provides a system of magnetic
resonance (MR) investigation of a subject including a human subject or other organism. The MR
system includes means for producing a mixture including hyperpolarized nuclei as described herein
and an injector for administering the mixture to the subject. The system further includes at least one
radio frequency coil fr gxpasing he.suRise i."adiation.oha freanency SeiRGIed g acite nuclear spin
transitions in the hyperpolarized nuclel, and a detector for detecting magnetic resonance signals from
the subjggiterating at |ppsh rprep et ordanchnentaie didelasdiféusha dysiaerivmgofdataer include means
for geneyping Ailapahang AtaBdmage. durrmicludatpdifusandatansrftsiondata, paysiological

data or metabolic data from signals received from the detector. In an aspect, the disclosure

also proWiry ek ARy spstb et pradlientg serratsrrifelddirpahiebs s Micdel. The

system ipgludesempaneionincieasieg the . tate 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. THe 8y SRSTHAHECAEITH B R AP IR eI ig AR BRthe first
materialiwitiing Mekingirrasliiiogin Thickeddibthadirlemiate tal hearning bypauppkalizest alhgtsystem
also includtes eatﬁs fEr reactitnézj the firs{ r#:nataial with at least on%.other material to form a mixture
including AYB&rBo AR 2R ATIcIA? SOUTee R THaT QB8 STRHRBIE e BIELSE e 1HaPaTdtibsed
systemdbahay shilirel aKiisttimatesaldthaf inckines affadthiytgeaing, tHdesipetsttire digoidead systems may
be used (o, maje A miuee hal lncidesipalrs of bonded nuclen Prefcrably, hleast, ahariien of the
bonded nucler are yperpo1a ized. & M T Srther actordance with the disclose em%dglnments, in an
aspect, syste thddirprodiecingrathrtedst eeritiaimphype tpdtarnze cinreteinslpdovided. The system

includes, MeANs, eﬁ?%&%ﬁi.“%?e %ﬁtﬂi‘@%ﬁé@ﬂ@ﬁ&g%&ﬁﬁ%ﬁf%&#@#%ﬁ?ﬁ%ﬁ‘é&?ﬁ%ﬁz e area

configuratlon and means 10r increasing the nuclear arization o e system further

includes means for ifefeEBRgepderapatdiuhe distestire: rameaibodpcieser st berawarature below the
tempergfuigataNG e d hafdhe frstinatail SXPRIGRSESAMINERYIIP. 1R & BeFopd. famperature

above the temperature at which the Tl of the first material experiences a minimum without melting or

sublimafiFe: fifstasherasinhshhshst peroaqbes grabedBotnteriiysBetisdesulting miyiugrther

accordaperyéh e sisclasid suicAPASRR 2 S sien fRrRredyailgehmateriakcartaining
hypeivolarized nuclej is provided. The system includes means for formatting a first material including a

methyl GERSPRIESZCRigh surface area configuration, and means for increasing the nuclear polarization
of the first material. Tiveasysien, iedacisaludrstne ans/ faedngrRasad theoRiTipg e efithe first
material from a first temperature below the te rature at.which the Ti of the first material experiences
P i I S GBS St Bt Pl IRk R e JBRCh HER PPGF RIS itorin
experiemeghyd gnoniriom aiibbstrfaelngacrostigiimatingi theediispriatendkbavithindrtitioa petied less than
about thirty seconds, wherein less.than about 90 percent of the palarization is lost during.the warming
e, In S B B D S %020, 10
or 5 pertieritwpthetpolarizhtidriis Toso il dgsthreaiearhingstep:es a minignfy tthes@ovodrdance with the

disclosuyg, s QYSIRR A (Dalde meaiRnigas g e fist mateplwihalRaskang oiber material

to form a mixture including hyperpolarized nuclei. ~  In yet further accordance with the disclosure,

in an aspéteud wykiagmoforuploaritiadghs fstardditditaining Hysapitddesdimacbeig higvided. The

system inglides Means dedupernelatanga £‘1@M&f&@'a@ﬁ&ﬁﬁ&%ﬁﬁﬁﬂfu@ﬁ@ﬁﬁiﬁ‘@ﬁ@? temperature of
0

the first material from a first temperature below the temperature at which the f the first material

experieREBRIRIRFAHRGHRCIS b adHa b ersitind BBt natiperating Brlmn igledndt the first
materiaheXREranes srio INPAWR MAthaul Relling-alosublinating thedirstarataiidlation 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



In still further accordance with the disclosure, in an aspect, a 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 3He 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

inC'udingePcye%?m;%%%@J is lost when IR ARCRIRBGRIINANG dlerloseraiubagiments. in an

aspect, a system for producing a mixture including hyperpolarized nuclei is provided. The system

includeshnaiaplosorep oy fdirgraterat map Péieridid g iipé isathre atheicratend indaims FeridiiFosing the
precursgl.indhe siraufialdiof eMR sysierrdhie:sysiete-ithetdoclddes, nmeansoreagsting the

precursor with at [east one other material to form a mixture including Fgyéferpolarized nuclei. It
is to be YHERS%oBY Mab tréGotegtindlgBraraicaaselidide BRaR SIS BeaTeF t8<efiption are
exemplaippiigiaie intended to provide further explanation of the disclosed embodiments. The

accompanying drawings, which are incorporated in and constitute p%rt of this specification, zre
included to illustrate Sh& FtRAte BerdiAer RS ARSI DRHGE HREBtE rﬁ@ﬁ’bcd%ga?nﬁ@%f‘ ms
Togetheowithihelgdosesipiiondhadsaviihgsmsemneiteledplainppritiplies of thetdisctoalrenBRIEF
DESCRIPTION OF THE DRAWINGS. Fid. 1 depicts nuclear pqlarization decay times ("TI") vs
tormpordISTE T REASA o TP RSyl o At SRS e et SAe s of
frozen wBcheheithed decfictaoiderial expefige® deypictaasthe seatiodvienp efsameatempthey method and

system jn accordance ij[%h iscl S‘;{Ed mbodiments. DETAILED DESC%IP'[I I}{QF PREFERRED
B O v R B e e s P ciments
of the distitsetmmiiimentsrakamples of which are illustrated in the accompanying drawings. The

method and corresbagdiggleRs aliie. diselesd smiadinsaia il hedaserifeda.paniynetion with

the detailed description of the system. ~ Itis one obj this disclosure to provide exemplary

method&wikeebpgninieies hypamelminsdleecls Fayséngpes poksr peaatitnbuiigenteddonithe addition

(or use)phioxigcaYS S AR A At EPAHBlAEE salééyass%pﬁs(ﬁmg RRIaTizing.agRNS (whether or not
0

toxic). In accordance with a preferred embodiment, nuclei in molecules are hyperpolarized which may

then be ?@éﬁ?@&?ﬁ@?&?@%@%’ééﬂﬁg"ﬁcﬂ@&ﬂé@%ﬁﬁ&é@%&ﬁﬁ?@?@gf@aw £59beerddldng pyruvates in

solutionincrease the polarization of the first material. The method also includes reacting the first
material with at least one other material to form a mixture including hyperpolarized nucler.

In an aspect, the disclosure also provides a method of producing a mixture
including hyperpolarized nuclei including providing a precursor including hyperpolarized nuclei,
disposing the precursor in the stray field of an MR system, and reacting the precursor with at
least one other material to form a mixture inciuding hyperpolarized nuclei.

In accordance with still a further aspect, the disclosure also provides a
hyperpolarized material made according to any of the processes described herein.

In further accordance with the disclosure, in an aspect, 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 arca 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



WO 20091146153PCT/US21109/039696 In accordance with a particularly preferred
embodiment, sodium acetate including hyperpolarized nuclei may be provided. Sodium acetate can
play a particularly vital role as a reporter on the metabolic process. Although sodium acetate is
typically not a substrate found in significant levels in the blood, it is readily taken up and activated to
acetyl-CoA. Acetyl-CoA is oxidized in mitochondria by the TCA cycle to form carbon dioxide (COZ2). In
the process of acetyl-CoA oxidation, NADH is generated, which drives oxidative phosphorylation, the
reducti - 1S tightl I 1on ; ylCoA through
e A e B R L R et
functiornuclel.  In accordance with one exemplary embodiment, a method for making sodium acetate

solution including hyperpaiasizedhaclel may ke Aledverdmthis.may s ascosunlishedrir example, by

reacting acetic acid with sodium bicarbonate to produce sodium acetate, water and_carbgon dioxide

gas, whrefrinerdianbst faslidsaesrahprbeassLarechietirolaiZBate AL 5ER R iEhaturally
produces A-AiKiy resHCRS: B SRILION dhab Mg uenianalneambinerivith duiens:ssalinerar other

chemicals, is amenable for in vivo afplications as a tracer and/or as a source of metabqlic information.

Other atidRUSHHR % BesRa iR 40 Formieatia frshmatminbRan s PutishaY Fa BB A 8U° storage
and Tramsfeaeh R0z eaiMades st material Wntikectadigacty e tfaees dhenpharactBristicatusalear

polarization decay.times (TI) af materials including hyperpolarized nyclei are a fynction of their
i SO AT HBEDAR N RGP R A LA S RN i, solc
gas etc juath@lmcadoledams dtemnposinehbwiiongtheinduled aiolesppdiarizatios wiltdest tefore it
decays gway 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 nuclelh evertthuge distanbetheT hobodimenattdaigstan tverfbthsuipglielt as a

consumaple, (EMoy é&m‘%vﬂl%%qﬁg%@?n&%&é?iéié%gjgﬂJé‘fi%&E@Eo%ﬁi%%{‘iﬂ%‘?&r@c{]dﬂ?edUCing the cost
burden. Inaddition to temperature an

field, the physical state and the chemical composition of

the matérnsinafissyees ispielckebhpoliddhiafionigesesy i shabisi carenadhicalsUrsRPth dr of acetic

acid anq, SORIWD ACEIAIEANEE AW ARaeQl (SR RerAbrRS aRd I gk@&&gﬁé}ﬁa@&iﬁ%g iggovered that
the Ti of hyperpolarized nuclei in sodium acetate is quite short WO 2009/146153PCT/US2009/039696

over a \Widdeidndes drribmperiatUnsludes atlsaT 41¢ 1etinker 9t BB e B CAYBEIPSREized sodium
acetate ty-bexrapspartggi 8¥gr any reasonable distance in any kind of reasonable magnetic field
without severe loss of polarization. However, the Ti of acetic acid (deuterated) can be very long at T <

15 K and in a moderdtefiiatiiatic FEHARyMesiP R 6mRoR. RIS HERan BOAGREEN Forting HP
acetic agiflfheuaaoaticranio inaludingdyaar potasrret pactei)ovehidargeistancedianeatisigaplying it as a

consumable jtem. Because it is sodium acetate, nat acetic.acid, which is required for yse as an in vivo
agent, tﬁéﬂ%&l@%@%% DT At Ret 1y an%lfﬁgt belora Lga. "8y IE)eq‘ulliﬁltjstﬁgIelln-amethod
describedhoveidoas:nakdahd itsgltmelicddong fiesmetrpasport eutstondigbydbddwpferpolarized material.
1% 35,34 e sold

One reason for this js th e A present in the frozen HP _material short

- 15 A oc .
state. The *E@%\%zﬁ\lﬁ%ﬁ%g iﬁnég\%%%sl hou rriﬁieﬁi{r}i)gertiﬁrécsﬁgtgﬁgﬁlrﬁrg its |(Sﬁu state. However, the Ti
of 13C isuhstetidly ahdie thquithstattiza ettypichlthaohlththedesioha@rad @geoonds Foinhigireason,

ond erTyaen @%ﬁgﬁﬁ%@%&% matesialdpvparnelazec using BN naldeas bigrAg a result

DNP polarizers are ally sited very close t6 the NMR/MRI system that is used to analyze the HP
materialSahey tpragtaare below about 10K to a temperature of about 200K.

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 ficld of a MR system. The magnet of the transfer



Placing the polarizer near the NMR/MRI system is problematic for a number of reasons. First, the high
cost of these machines imposes a very high cost burden on the end user, both in terms of capital
equipment costs and overhead. In addition, the limited payload scalability of a DNP machine means
only a small number of scans can be performed per unit time. This in turn limits the diagnostic
information that can be obtained using an HP material polarized using DNP techniques. Transport of
the final product in its liquid form from the DNP polarizer to the patient also consumes time that is then
not avalgle (9 ARl LN AR SBRIARIGAPIARESS performint IAAROIINGlY another object
of this disclosure to describe methods and systems for 'storing and/or transporting HP materials. In
accordamseaiaith a preferred embodiment, methods and systems are provided for storing and/or

transporting materialg,thatylay. D 43ed BRIPIRCWSORS IBArRamitaieastinn toqhanyreture a
material (e.g., solution) of biological interest including hyperpolarized nuclei. The present disclosure

permits aRaSFcaneR Rref Righifcaateaiskiieestitn hahish FwRiEstaeHigy HPspPIGd as a

consumablermatesialaniachvedralia finsh lasatiom antidransported to the end user. Extraction of HP
materials from a Cryostat WO 2009/146153PCT/US2009/039696 Many molecules of

biological interest coMtah 3RTHHF RUPSELRI HsR E ShEmat BR eyt FsaeaEtd Mddium pyruvate,
and othgfsesTibaiprasenaaitthecretinyh ok Rasiecpsetabacefieetdn theshardlisgafiktideaterials.

As can be seen in Fig. 1, the Ti of acetic, acid has a minimum, well below its,melting point. The position
ofthe TR S B T B D TR A S b rotaton o
the threayévbrifuciginitiaohad: thdheimethyl darbdijecthdhe protonficbatimeditiey otdteseven at low

temperatires,causing nery uclel g rela nder feidiemperatis,condlions whidhwould otherwise
have very long TIs. ecause-or the minimum, low temperature hyperpolarization methods to
date havecietiespioriraesiticapioh Werhyirgrsdherad suo gresé vdethetpdlanikatiomptvanons materials

during e?é%%%%%@ J{(}mglﬁ%@q@iﬁg gnvironment. Typically, this involves exposing the material to
superheated water"or methanol in the presence of a magnetic field to get the sample to temperatures

well above the minimiarfitither taverdanty, with the dipglospprdictyiguiney fhaheiénglwdtmestsmaterial be
kept small, 30 hah Q%R%H&%ﬂﬁ%@g&?%&ﬁlé%mﬁéﬁ% thakihe-Relarizetist deavery close to the

NMR/MRI system that is used for analysis. This is extremefy disadvantageous for many user sites

where spaseolesisd drsmiunstabolgditiadruwneismi eesive e iYparsstfize materials, the DNP
device must be kept g GartaiRmimnugmdistaRte awalom tedprast deneerdNMRUMRE system).

As noted abgve, many metabolic substrates contain methyl groups which impose a minimum in T1 at
temperdRH LA EtHRUAS RSN e BRI akfife YA ST e RO ATTTES A BIRCSHRIE b
discoveihthatiah e Pesates M Uchyviiaesthin shedsniifeda]deubatibnpaehags-than the melting
or sublimation temperature of the material, Tj is.again long enough that short ferm storage/transport is
feasible " HHESH4b RS THREBEES Bt ot qjétc-{ré g%oqé?ﬁqejﬁgﬁég oF %nﬁté%gg}d}ft r(1:%37:0’5;’3{?3?%’ontaining
polarizeflmataniel)deetheutside ey thofdhedviRmalhetfiRropeacyal wizhogttmsidhgoovery requires
that the polarized material's t erature,be changed from. well w the minimum,to. well above it in a
e e R e L B o
sublimatirgrthormedetia. (Briveithairsdenthist heeftaudtstitriveeone Soivite short@rdichwdisebe used
immedi% olarized licant 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 thelmiuéiial asaprdenpaariéhvbpdisinmurnisadisolostd tehtperataratdipea 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, in an aspect, 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



WO 2009146153PCT/1JS2009/039696 adjusted very quickly. This has the significant advantage of
allowing materials to be warmed from the very low temperatures (as an example, T < 10 IC) required
for long term storage/transport to the more moderate temperatures suitable for short term transport (as
an example T - 200 K) without melting and/or undue loss of polarization that may occur as the result of
a short Ti somewhere in the temperature profile of the material in question. In accordance with certain
preferred embodiments, the temperature of the hyperpolarized material may be increased in the
presence of afmagnetic fiegﬁi aLa rat ng 'n{f% ?zﬁg%?iﬁtﬁ) 30, 20,48, 30, 20, 10 or 5
percent%?aﬁiglaorlea(t:fgﬁsllﬁ%paﬁeﬂnt% nuclei in%(lﬁe _|§rst mat_erialc%%o_sit_. eZ%e a%]e a%vantaege of
prepaririensiatizedtindichishs Nl thishndinriendtthdcupeyanesy thambermniospettetdovarssvdistances
(for example. OMHNERAE ATHRRHER! FILS e rRthaRkYSIngIeadil AvAllARIG GyRaRBig materials
(e.g., liquid nitrogen or dry ice) and in relatlvelé/élow magnetic fields. Another advantage is that the
melting WeiEnsrenashianering ibedsicadi gl temp Sragne igrers ibial BRIWEBRtR SR thg point and
melting temperature i§ degieasedrdance wifkQRdgIERYRAIRHAIS AL, are, selidsabrequpitenperature
into high surface area powders is relatively straightforward. For example, well known techniques such

as ball iiFPLEAT BT BYRS Tt th Pl R QT bf the SEfigThiRdrdiTaReEs than a micron if
desired fiMheiibe metetiadialbecnewderizrehia arliapichiatsaRmdampe il aigiftermnl approach must
be used. Ball milling is not useful for many frozen lj qu as the heat of miIIin%nglts_ thfé)articles.
ApplicaPtHES HB BB B U6 GRER LR G L MRS o U HOB LS B VBB E materials
that aredigati¢l fon desrashmnahstengardiiemperatiire andpibisuiesfanddhatraithebdrtwnsically or as the
result oft a chentgzilgaltre ctjjo&, ql?k? t%uittab!e n)[eta olic subgtgae}es1 1]‘l?r,tll-lp tL\)/Iell? g,ct:gglﬁ\t]%glrﬁos s, Suitable
methodS ate described. for e?am% €, ' Sp&ﬁ:g% scﬂ?g?eﬁa?ent%pﬁﬁcg]ﬁon erial No. §,536, filed
August 18,2008 iy afore meritioh¢ick Jate fithapplic ativerialsoplisclose s varousothdnanixtures that
may be achieved in.accordance-wi i re (e.g. ' ' and the like).
Quantu% gf%)?gtslgn Iglv?/q&%ﬁ Egefgg%%%%gs%% %ﬂk% ’ g%%ét%%f%sﬂ%%oég%ﬁ z}{ ﬁg}ﬁg{% %lrfg’e" environment
to produekehighltey tisncihout Ribpgsetatio tiorpinaneitierials loth drthvarihyasasias e nlroblematic
because {6 alax AN IMe - RAsLOUGE HAARLSHED RARdiioRsds ¥eydongsopRlicantbas
discovered that, by configuring the material to be polarized as a high surface powder and exposing the
surface$ @PWW&%@Q@%?% loigHEne HtaXamoRgiR® can be made much shorter and amenable
to WO 2009/146153RGil/h1p2QR248396Q61nds attiabliexe ;o predislionaAnpligrahhas further

discovered that removal of the 3He from the surface of the material can be accomplished by exposing
the matéFrsPits AsTpHiRAFa YA AdseE SR Ot SRTEFh i &R B SHEWRAEER8 be warmed to room
temperatyperpdtheriaundug. loss of polarization. Once the material has been returned to room

temperature, nuclei in the material become "hyperpolarized.” As alluded to above, that is to say that
the nuclear polarizatibhi6t STHE AGCTATTR e WIaEr AT i B &Rk He WL BIERTISBe in

thermal egqiatébiritieonibhénpnateugidielucingdhe idyoeipelalredinucliendadenandss fised for a variety of

NMRIMR) protacels; Mostaotably, he material can n and ol feclbe used s anin.yivo MR material
or it can § acatecl1 ags a precursor Wﬂ% an%l%ﬁer ma erla?%o orm getlhlr materlai Whlgh IS itself useful

as an NKRIM Ristn@atepiahture belowth: RatpmaNe. 8 6588 WihiCkhisfintonperatbekbyriaference herein
D s A A AR LA SRR o

experiences a minimum without melting or sublimating the first material.

In still further accordance with the disclosure, in an aspect, a 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 nuclet.



1) Configuring the gas as a high surface area powder or sinter. As an illustrative non-limiting example,
this can be done by freezing the material out on the surface of an aerogel or, more advantageously, as
a high surface area "snow". 2) Cooling the gas to "brute force" (very low temperature, very
high magnetic field) conditions where the equilibrium nuclear polarization is very high. 3)
Exposing the frozen gas to overlayers of 311e. In addition to providing a path for thermal relaxation,
the layers of 3He act to efficiently magnetically relax those nuclei in the topmost layers of the frozen

gas to thermal equi'iQH%M%D@Jaoma&gym?m@'ag%qgaoaﬁbéﬁmﬁiy, polarized.dn Wisserse the

unique properties of 3He are employed as a relaxation agent to hasten the nuclei's relaxation to a

state ofiehpisiarizitione includingdyypsimotingathawls: énpgasdedovEraspsterpionlider REaay&s of 4He
act to effigignty.repovugHIesiRiliem e sinaee 2Rl theniozemans- dijs:alletivabeizalaigs the nuclei

and allows them to be warmed back to room temperature without undue loss of polarization.

The abdbe yrocel iRfiandvii asEmobkatioReRBtRSEMEORS) Kt BeRATEE technique

whereby, affigiertelaxatiep,ahrtsleb ibaliuwedareenenvnenmeaipaa beiswiirhed "on" and "off' so as
to produce highly polarized nuclei that can be warmed to room temperature to r%%}]ce. HP precursor
materials or HP matefi&id8F Wﬁ@%ﬁﬁﬁ%@/fﬂ?@ﬁ%@%@g}f}é%@%fﬁ% 1039896
applicatiprsidd igbnpartanktenaie thakilieapy opess«<dae pneidequitetkemsdition «ftany catalysts and
that the ruﬁe force el&vironment can be made highly sterile. Applicant has discovered that the
QRS prbté& %5?3%8 & Yed to operate on a wide range of materials, rather than only materials that
are gases at standardeoaditimpsnifhisdragiines tiatkthecmatarataeda hypermpsianzgabeidbrfigured in
2 high sufage arce.- Applicantfasurner discouered Ratanide.anss.of laidanak e frozen and
powderlzpe $SAhab their Suriace area to volumie ratio 1s very high. In particular, liquids such as acetic
acid thatwepodchehsicadmsadiigrthrakd thohstibnsraftivattisalie s uizstsares touitalia foriajplesoh and in
Vivo Nh/ltlﬁél\éég&ggggcols are preferred. The various discoveries described above constitute
methods and systems that fully enable the configuration of various materials as high surface area
frozen powders, polarizing the material without exposing the materials to catalysts, extracting the
polarized materials from the |ERIERPHRIREPENMIROOMERIESD Rew GG Decome hyperpolarized (HP),
and transporting the hyperpolarized materials to an end user site. It will be recognized that the
recitation of "hyperpolagizedenigierugicarrelarigarearisety imerdr Td mhatdrmnrebtRg Hisensolarized
nuclei. Ifdesired sthes hyparpgladized snasesislnapyraeisersied withyaiber maiarials tosferened third HP
mateiial that is of use for MRI/NMR applications (e.g., in vivo MRI applications). In accordance with a
preferreﬂcé’ﬁ?ﬁ’&b‘iment, materials are used that contain molecules of interest for biological MRI
applications. The follgwing &xampledechasied feartidliy excexpaianedanshpariislly on insight. Example
1:

accordance with the disclosed embodiments.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference will now be made in detail to the present preferred embodiments of the
disclosed embodiments, examples of which are illustrated in the accompanying drawings. 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



Deuterated acetic acid is frozen into high surface area pellets by introducing them into LN2 in a finely
divided form of droplets. The surface area of the pellets is measured by BET to be - 5 m2/g. The
pellets are placed in the sample chamber of a dilution refrigerator and cooled to T < 100 mK in the
presence ofvgal%?olglmg]g”ﬁetic field. 31-le is added to the sample chamber” %Tf%g@%/%ggé?‘letic ”
relaxation. Once the sample is polarized (a process which can be monitored using NMR), dHe is
added to the sample chamber to remove the 31-le 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 wHHAGRIY Ke Bith P RHTBAA e Fed FROMHE R AR e RGP LY%  esla. The
pellets akpdrpsisiereaciold Hansperclyasiabdheracsimdatiielditappatatury eaaditiens are
maintained. After fransport, the temperature of the. WO 2009/146153PCT/1J$2009/039696 pellets is
okl RS B e A B A UG REIR o W B (S e pelets
can therigefremoleed fiorth¢igotraris portadiostamandabioughtieddcthestibinim oftreylARC8yistem using a

small magnet fied and. AR, cryagefie. matsieLIRAINIa. Re pplafaatign. The pellets may be

rapidly melted by dropping them into heatéd sodium hydroxide solution’in the presence of a magnetic
field to éfretiteGriypefsomrDEHikgracsieh adichhévroririgravepherpbrarizEassifium acetate
50|Uti0nréhﬁeti%r§9ﬂéﬁ'§gé§%§c§9|ﬁt@@miﬂﬁ&qm%%@@&l@ﬁ%ﬁgdﬂ%i@% the flux lfdgsiked, the stray

field of the MR system can be used to maintain a magnetic field over the hyperpolarized precursor
when tHepEBREET e iled 18 FakduHyFRIFEIATIE ikt FOr e sHEcHod Bblarized
precursgdg(stiehrashamrasietes@ base including hyperpolarized nuclei) may be transferred from the
polarizing cryostat if nearby (or transport cryostat) intq a fransfer vessel as depicted in Fig. 2. The
temperature of the h)%ﬁé‘?ﬁéil HeEQ predtirssFR a%})}fheéngbBér%l%}\}a?e%ﬁﬁr]é}?ﬁIagrffps?tg %5%1S€é%5%re below the
temperatutetatothich thelibinf tiypcfipstamzateé riat ek peridrgesdieninithinntevdbs econdpiédmerature
above the LAREA ALY AR INGLS Sl HISLBRISHAL RAREHRNGES SR PIglgradly, the
temperature of the hyperpolarized precursor is elevated from a first temperature substantially below
the tempedamirentinhidh site Tiotthaust matdeial expefidsauscarminipehyreractettdd évperature
substanially abgve ﬁ%z@ﬂé@%&&%&@ Ahyhich the: 1¢ ofhaifirstmaianal rRerepessig.minimum (e.g.,

from below about 10K to about 200K). This may be achieved, for example, by immersing the precursor
in a liquidErhBgen; st a5atbERansraAL nitrBgERABIE AH YRR FRBACAHER s A BSHIAREBIft well above
the temperatdee atmmaiehithardinieon 3O dteaba dniniEn uinaAlte mativeynihepircdggansan be heated by
passin%ag(%%s vv] rmed to about 200K ogver its surfaces. As illustrated in Fig. 2, material

formatt 8EINgH YFREL QP fSiF is polarized in a cryostat 1. Preferably, the material is polarized
at a temperature bet\BeencahodTimicand Adtiinkd Materipteferably between about 10mK and about
40mK. The temperatuyre, of the. material is_then increased.. resulting in %gﬁ)@g a{ig&%@ ~a state in
which the polarizatiorliﬂJ @1?5%6@e10t %ltv 5?% ‘?%ﬁ%gﬁ C?)err _|’H§1ﬁ|1§/‘!i§%9£ot ‘%{‘rg%gl _equﬁ%rﬁum .(le%e material
is then eftremtedlamt swrecdhirenedmssdrnenso stapdureion infisatisnigararorseiid magnetic field
environmgatsyeldhat desryeldienueisarsralaizatometite malrgakis siaws Lig hypgipplarized

material may then be transported via the transport cryostat 2 to storage or a terminal location, such as

a hospitafoina Asiserpenrgibey IpnadimindugrénBdiaReioH Py iiey betore it decays away to
2009/146 4538 6l 520Q9/0388 96 framnsnoduainiastat2 ifde sndaterioteryostabey. tlansier vessel 3 that

maintains the hyperpolarized material at.a higher temperature and lower mallgneziic field suitable for
short tefReAREORPHEB B ATTHG G ARG IETAHS U BEIREAH PrBaroaa PRASHA o ransfer
vessel g issnperatutels)prefckaptydistsedsasiguickly aspassible getobs theplemperature at which
the T1 for ihe maietial S AL mnlmU. i, .. FSLEXAMRlE, 08 femperalig Incteages preferably
performecflln atime perio Fess than %hfdl ‘iro or mo ?pre era Ily, seconds ong. P erably, the
applied fiedtbofdhe transfer vessel 3 is not in excess of 500 Gauss such that it may be brought safely
into proximity of the NMRAVRY 8y ik e AuBIRGIAHZEH MAtelAb sieR eigfird from the transfer

vessel 3 into a mixing device 4 where it is converted into a’mixture, such as a solution, preferably
suitable e Ry VNG iAjdbtisiiorine m{lyenprn it regleyInabRatinetety Vide SAPRICHE SSinto a patient 6.
An NMR{MRBLSYSIRNT 17 d8 4heRk HSedAe GRADADA-aNAF ROl IME{MRE RiatReflses and fields.

Applicant has discovered that the T1 of hyperpolarized nuclei in sodium acetate is quite short

i1



The transfer vessel 3 includes a compartment 8 for receiving the hyperpolarized precursor material,
and includes a magnet 9 such as an electromagnet or permanent magnet for maintaining a magnetic -
field over the material during the transfer process. Preferably, the mixing device 4 and tgr(ansfer vessel

3 are dispo§¥8 Wi e stray magnetic field 10 of the MR system 7. It vgiﬁqbﬁé A0 %(és%ﬁaf the depicted

field lines are merely intended to be illustrative. Advantageously, this permits the hyperpolarized
material to be melted in close proximity to the MR system, thus saving time delivering the resultant
solution to the subject during which the polarization of will decay. As further.ill stratej}%gﬁ?ﬁ. 2, the

polarizify &Ry Setst Rl dRERs AN HEEL TSP Appiing Bkl d HidrdRs DU ISEMBPES g the
materiakdéaibe byperpelatzedsmadddeaisorroedoblalsingdha: temperdtireobihelmateriafito facilitate

hyperpalayization. Also illustrated js the.fact that the polarizing cryostat 1 is.in rable communication
with a gﬁ%ﬂ%‘g%@?‘é‘fp\ ‘éeéen&l "a %tfeuc'ricaé]l of eweﬁi%é@gr?léihde%a%f gto}éffrigle f%e%ﬁgtl ‘lés%l?é:asno%'rggﬂéf material
that caridye asEckttbHeatdhe hypdrpotanizedetivafietibltfmnaldytBmpel diurd e ldveeher rerppseitature at
which INe.RRIRE ARE AR aleMRereRag s TR ReTod 2 NIANALIENGARNE R A1
illustrated. Fig. 2 also illustrates that system 7 include$ & transmit RE coil 17, a detector 18 (such as a
receive ¥iIsanrlyiaad supportrgahta dREarFeariodl A sl Enisaite taphTFREIfIEIEe ¥4 MS for receiving

and progessitg #RGRIVEM:Hala/ivo agentha UgfeHSd RMBRAHRE R sDmaek die g cleedromagnet. This
permits the magnetic field of the transfer vessel 3 to be selectively %eactivated to [%revent the field of

the WO 2009/14615 380N 56t s e 8 4rabhrsre AORSLY 87 g h T fe i Gk it T P BB m
operatias. sidtespativelypihp fiektcandaavethshieldedite minimize inderformeerdidesired, the
hyperpolarized. precursqr for making, the erpolarized. mixt ay be made on site.|n relatively
close p 59(17??1{}87 JHREN C‘ﬁi‘%ﬁ%‘?ﬁ. ST 'd}’ér) Oel?‘?rgset t%d(}shgniﬁs{%r%\ésn o't %mp{r%osvé%t%@&@su re, as
describekalvgvbandtstidimoiieddating Siprovidetio rEuperiCrinypérpolaiived haidrtis and
methods for. in S . ill n lled. | IoUs R ifications
and var%ﬁé@%@g %énr%eaﬁg%%ot T}eﬁd_et?ﬁc%gagrr?ggmfé%g(‘)ﬁg %ﬁ%ﬁéﬂd@%\g&jﬁ e%%égghﬁ%ﬁ?s Witho%et departing

from theoEpiniteorlsdoperps thizafisciosdMNehiberiiferibie Thas, msidiritdeelaHatthepiaderitdisclosure

include mogi t'@@é@@ﬁlyﬁfmﬁmﬁmg&a@m@mm@@@%@g therspibisctdiseiRsyraand,
equivalents. WO 2009/146153PCT/US2009/039696 CLAIMS What is claimed is: 1.A method of

producing a material RBABSHPAVEEE i S MRV IR bigem is problematic for a number of

reasons. First, the high cost of these machines imposes a very high cost burden on the end user,
both in terms of capital equipment costs and overhead. In addition, the limited payload
scalability of a DNP machine means only a small number of scans can be performed per unit
time. This in turn limits the diagnostic information that can be obtained using an HP material
polarized using DNP techniques. Transport of the final product in its liquid form from the DNP
polarizer to the patient also consumes time that is then not available for observation of the
desired metabolic process.

It is accordingly another object of this disclosure to describe methods and 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 hyperpolaxjied 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



a) formatting a first material into a high surface area configuration; b) in a polarizing cryostat,
exposing the first material to 3He at a temperature below about 10K and a magnetic field in a manner
sufficient to substantially increase the polarization of the first material; "C;) increasin(% the
temperature%q ?qugﬂ@ll%/ﬁaterial without melting or sublimating the first m%?e(%sfzroeeg@ﬁ?ﬁgﬁin nuclei in
the first material becoming hyperpolarized; and d) reacting the first material with at least one other
material to form a mixture including hyperpolarized nuclei. 2.The method of Claim 1, wherein the
mixture is a solution. 3.The method of an% of tgg]geceding_claims further cogmprising melting the first

material prior to the ré4EHABCLEYeRof R %%hﬁj%f%ﬁ?&@é{bﬂ@“@aﬁﬁ%, RSP S mprising

melting ifeutiestotiatariatbas padiohtberieaetingisiders. The prathod dftannehihgprgdediag claims,

further compriSINg eXRoiNg e ISt MAIENIAL ials. As can be seen in Fig. 1, the T1 of acetic acid
has a minimum well below its melting point. The position of the minimum is somewhat field
dependent. The minimum in T1 is a consequence of the rotation of the three 'H nuclei attached
to the methyl carbon. These protons continue to rotate even at low temperatures causing nearby
nuclei to relax under field/temperature conditions which would otherwise have very long T1s.

Because of the minimum, low temperature hyperpolarization methods to date
have relied on very rapid warming schemes to preserve the polarization of various materials
during extraction from the polarizing environment. Typically, this involves exposing the
material to superheated water or methano! in the presence of a magnetic field to get the sample to
temperatures well above the minimum in a time << T1,

This approach requires that the amount of material be kept small, so that it may be
warmed rapidly. It also means that the polarizer must be very close to the NMR/MRI system
that is used for analysis. This is extremely disadvantageous for many user sites where space is at
a premium. In addition, when DNP is used to hyperpolarize materials, the DNP device must be
kept a certain minimum distance away from the target device (NMR/MRI system).

As noted above, many metabolic substrates contain methyl groups which impose
a minimum in T1 at temperatures between the polarizing temperature and the melting
temperature. Applicant has discovered that at temperatures much warmer than the minimum, but
still much less than the meliing or sublimation temperature of the material, T1 is again long
enough that short term storage/transport is feasible. This enables the possibility of placing the
polarizer (and/or a transport cryostat containing polarized material) well outside the vicinity of
the MR magnet. Properly utilizing this discovery requires that the polarized material’s
temperature be changed from well below the minimum to well above it in a time much less than
the relaxation time T1 at any point daring 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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to 4He after exposing the first material to 3He. 6.The method of any of the preceding claims, further
comprising storing the first material in a hyperpolarized condition in a separate cryostat and
transporting the first material in the separate cryostat to a site remote fro '

hyperpolar%’gg f)(}ﬁ%/r]éfglgfep (d). 7.The method of any of the preceding clgﬁrﬁi,}%@gﬂe\%ﬁ?ﬁe nuclei in the
first material includes at least one material selected from the group consisting of 13C, '5N, 'I-1, 31P
and 29Si. WO 2009/146153PCT1US20091039696 8. The method of any of the preceding claims,

further comprising substantially increasing.the temperature of the. first material without melting or
Sl HEL G YA A it St SR HE BN A O B VP e B

: . e tempera{:ure is
increasegfiane ecfirstte rmppeeatuiesubstantiatyiddlen the)tempperdtaréoagwdiich the T1 of the first

Tt RIS TR S SR A el b perar
example T ~ 200 K) without melting and/or undue Joss of polarization that may occur as the
result of a short T1 somewhere in the temperature profile of the material in question. In
accordance with certain preferred embodiments, the temperature of the hyperpolarized material
may be increased in the presence of a magnetic field at a rate wherein less than about 90, 80, 70,
60, 50, 40, 30, 20, 10 or 5 percent of polarization imparted to nuclei in the first material is fost.

The advantage of preparing polarized materials in this manner is that they may
then be transported over short distances (for example, from one part of the user site to another)
using readily available cryogenic materials (e.g., liquid nitrogen or dry ice) and in relatively low
magnetic fields. Another advantage is that the melting time of the material is reduced as the
temperature differential between its starting point and melting temperature is decreased.

Configuring materials that are solids at room temperature into high surface area
powders is relatively straightforward. For example, well known techniques such as ball milling
can be nsed to reduce the particle size of the solid material to less than a micron if desired.
When the material to be powderized is a liquid at room temperature a different approach must be
used. Ball milling is not useful for many frozen liquids as the heat of milling melts the particles.
Applicant has developed methods to produce high surface area frozen powders of varions
materials that are liquid under normal standard temperature and pressures and that, either
intrinsically or as the result of a chermical reaction, make suitable metabolic substrates for HP
MR study purposes. Suitable methods are described, for example, in Applicant’s U.S. Patent
Application Serial No. 12/193,536, filed August 18, 2008. The aforementioned patent
application also discloses various other mixtures that may be achieved in accordance with the
present disclosure (e.g., colloids, suspensions, and the like).

(uantum 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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- 10. The method of Claim 9, wherein the temperature of the first material is increased from a
temperature below about-10K to a temperature of about 200K. 11. The method of Claim 9, wherein
the temperature of the first material is increased in the presence of a ma | % ate wherein
less than ab‘ggtz%g%'érlcent of polarization imparted to nuclei in the first mga%ﬂ% @Bﬁgé‘%@ 2. The
method of Claim 9, further comprising the step of transporting the first material to a location within the
fringe field of an MR system after the first material has reached the second temperature. 13. The

method, of Claim 2, further including,the step of removing the first material from th larizing cryostat
upon cofBRHBHO SR QpRBANGHC nrh%"éé‘iﬁ’c%%ff&rrl’%‘l%%%,Ofner’i%dzifﬁjéf)lrrﬁ%lﬁgﬁiﬁ %%glfxegr%ﬁ{gn the first
materif':lt_h'latsmﬁatransmrmrmﬂamupomccmnjiéiiﬂ?rb@fes;@pi((g)thdmaTdIr'ellmeﬁ.%d ‘OfiClaiatiy4, further
Compr'sﬂiﬁ‘&é{?@@}ﬁé’%"gft% § ”%Q%BP&%%“%@%%%% 038 609 MR8k é@o&?ﬂ%&.‘f&%ﬂ&&%@ﬁ? 15, further

comprising transterring the first material from the transport cryostat into a transfer vessel. WO
2009/146488 RS S20T0t D6 98cd theThetanathabetOrliNe tvkers iaRe itarsfakidBel includes a

magnet far maintaining et pptarial i & magRats figlde, #8« The methedief Glaig 16, further

comprising increasing the temperature from a first temperature below the temperature at which the Ti

of the firsrFARSARIE RPBASNERE B MsRAtsHRLd: 3'sE CORYCEMR & oM A58% i tdmiber®tire at which
the Ti ofthaifirstnmatgsialLxRanieNcen 8 NHAHIbolarized” nuclei can now be used for a variety of

NMR/MRI protocols. Most notably, the material can in and of itself be used as an in vivo MR
material or it can be reacted as a precursor with another material to form a third material which is
itself useful as an NMR/MRI material.

U.S. Patent No. 6,651,459 (which is incorporated by reference herein in its
entirety) describes a technique of producing hyperpolarized gases (i.e., materials that are gaseous
at standard conditions). This can be done by way of the following exemplary steps:

1) Configuring the gas as a high surface area powder or sinter. As an
illnstrative non-limiting example, this can be done by freezing the material out on the surface of
an aerogel or, more advantageously, as a high surface area “snow”.

_ 2) Cooling the gas to “brute force” (very low temperature, very high
magnetic field) conditions where the equilibrium nuclear polarization is very high.

3 Exposing the frozen gas to overlayers of *He. In addition to providing a
path for thermal relaxation, the layers of *He act to efficiently magnetically relax those nuclei in
the topmost layers of the frozen gas to thermal equilibrium which, in “brute force” conditions, 1s
highly polarized. In this sense the unique properties of *He are emploved as a relaxation agent to
hasten the nuclei’s relaxation to a state of high polarization.

4) Exposing the frozen gas to overlayers of “He. The layers of “He act to
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
polatization.

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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19. The method of Claim 18, wherein the temperature is raised to the second temperature at
_substantially the same time the first material is transferred into the transfer vessel. 20. The method of
Claim 19, wherein the temperature is raised to the second temperature in less than about thirty
seconds in Wh¥Yha#d feld having a strength between about 0.1 Tesla I AG3UPLF 4 Es1a. 21. The
method of Claim 18, further comprising the step of disposing the first material in a mixing device within
the fringe field of a MR system. 22. The method of Claim 21, wherein at least a portion of the reacting
step occurs within the mixing device. 23. The method of Claim 22, wherein the magnet of the transfer
vessel Epriivridusit Briotoproivialg SHVR Bpsesrdeperatitg e iwitiétRcd BraAsEthe

preceding; ¢lainns whereindngfirstmatesialincludesign aoidand the at least one other material
includes a base. 25. The method of any of Claims 1-23, wherein the first rg%%erial includes a base and

the at least one othefARAEEAIAN RS HELPALS 2805 8IS ETRISS0ODEBESE “26. The
methodvahianngf slaimer2ds2uwherainiheraiginclistesagasid seladietidsoditithe. gibimp consisting of
acetic ar(élc(ijliiigsr rphlact’t aécg%tearri]aq R)y gg\ﬂgp%%glarized be configured in a high surface area. Applicant

has further discovered that a wide range of liquids may be frozen and powderized so that their

surface area to volume ratio is very high. In particular, liquids such as acetic acid that upon

chemical reaction make solutions of metabolic substrates suitable for injection and in vivo

NMR/MRI protocols are preferred.

The various discoveries described above constitute methods and systems that fully
enable the configuration of various materials as high surface area frozen powders, polarizing the
material without exposing the materials to catalysts, extracting the polarized materials from the
low temperature environment so that they become hyperpolarized (HP), and transporting the
hyperpolarized materials to an end user site. It will be recognized that the recitation of
“hyperpolarized material” herein is intended to refer to material including hyperpolarized nuclei.
If desired, the hyperpolarized materials may be reacted with other materials to form a third HP
material that is of use for MRI/NMR applications (e.g., in vivo MR1I applications). In
accordance with a preferred embodiment, materials are used that contain molecules of interest
for biological MRI applications. The following Example is based partially on experience and
partially on insight,

Example 1:

Deuterated acetic acid is frozen into high surface area pellets by introducing them
into LN2 in a finely divided form of droplets. The surface area of the pellets is measured by
BET to be ~ 5 m*/g. The pellets are placed in the sample chamber of a dilution refrigerator and
cooled to T < 100 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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27. The method of any of claims 24-25, wherein the acid includes acetic acid. 28. The method of any
of claims 24-25, wherein the acid includes formic acid. 29. The method of any of claims 24-25,

wherein the“g((}:.izdoég cludes lactic acid.  30. The method of any of claims Z¢-23.uhigfgiRéhe acid

includes pyruvic acid. 1. The method of any of claims 24-30, wherein the acid is isotopically
enhanced in one or more of its carbon sites with 13C. 32. The method of any of claims 24-31, wherein
the at least one other material includes sodium. 33. The method of Claim 32, wherein the at least one

other material includes material sele from t roup_consisting .of sodiu roxjde. and sodium
b@carbo?f‘e]tlt%tf’ @&{“’ﬁg@’ ﬁ%&?%&o%%’? Iﬁi?r&?g?tf) v@"é?e?i riﬂ t(r%%l at fee sl% ’o@%‘%ltrﬁe{rs%%%ﬁfgl 1ﬁ])icll %czs sodium
bicarbomiategeR5THhpelrvethad théhairmnBR e hereifithrusplerhstimstiiothe biagbiiakrsiudes sodium

hydroxide, .36, The method of a ims 1-35, in.thef ik is,adignid at STP. 37.
T el A LB B e e B e maclinto 2

maintain the polarization. The pellets may be rapidly melted by dropping them into heated
sodium hydroxide solution in the presence of a magnetic field to create a hyperpolarized mixture,
such as in the form of a hyperpolarized sodium acetate solution (i.¢., a sodium acetate solution
including hyperpolarized nuclei).

If desired, the stray field of the MR system can be used to maintain a magnetic
field over the hyperpolarized precursor when the precursor is used to make a hyperpolarized
mixture. For example, the hyperpolarized precursor (such as an acid or a base including
hyperpolarized nuclei) may be transferred from the polarizing cryostat if nearby (or transport
cryostat) into a transfer vessel as depicted in Fig. 2. The temperature of the hyperpoiarized
precursor may then be elevated 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. Preferably, the temperature of the
hyperpolarized precursor is elevated from a first temperature substantially below the temperature
at which the T1 of the first material experiences a minimum to a second temperature
substantially above the temperature at which the T1 of the first material experiences a minimum
(e.g., from below about 10K to about 200K). This may be achieved, for example, by immersing
the precursor in a liquid cryogen, such as liquid argon, nitrogen, xenon or krypton, that has a
boiling point well above the temperature at which the T1 for 3C is at a minimom. Alternatively,
the precursor can be heated by passing a gas warmed to about 200K over its surfaces.

As illustrated 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
1mK and 100mk, more preferably between about 10mK and about 40mK. The temperature of
the material is then increased, resulting in hyperpolarization (i.e., & state in which the
polarization is above that at which it would ordinarily be at thermal equilibrium). The matertal 1s
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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38. The method of any of Claims 1-35, wherein the first. material is a gas at STP. 39.The method of
any of the preceding claims, wherein the first material is frozen in step (a) in a manner.that it has a

surface area to volume ratio greater than about 0.1 - m2/g. 40.A method W ' ance (MR)
investigatioﬁvgfzémsgﬁlﬁfiéa% including a human subject or other organism, géu metﬁé(%ﬁc?c%rising: a)
producing a mixture including hyperpolarized nuclei in accordance with any of the preceding claims;
b) exposing the subject who has been administered with the mixture to radiation of a frequency

resona B4y L BEE B TRk AE O It 36 A ANBE Lo BRe i ot leas
one of anatmriag et ditihieric flowrdata aciffosienndatat pdiflsion datdopiysiciogidairdataor metabolic
data fro@e}&%,dcﬁxtggéeoq g’f&?%}% transfer of the hyperpolarized material to transfer vessel 3, its

temperature is preferably raised as quickly as possible across the temperature at which the T1 for

the material is at a minimum.

For example, the temperature increase is preferably performed in a time period
less than 30, 20, 10, or most preferably, 5 seconds long. Preferably, the applied field of the
transfer vessel 3 is not in excess of 500 Gauss such that it may be brought safely into proximity
of the NMR/MRI system. The hyperpolarized material is then ejected from the transfer vessel 3
into a mixing device 4 where it is converted into a mixture, such as a solution, preferably suitable
for in vive injection. The hyperpolarized solution is injected via a sterile line 5 into a patient 6.
An NMR/MRI system 7 is then used to carry out a variety of NMR/MRI protocols.

The transfer vessel 3 includes a compartment 8 for receiving the hyperpolarized
precursor material, and includes a magnet 9 such as an electromagnet or permanent magnet for
maintaining a magnetic field over the material during the transfer process. Preferably, the
mixing device 4 and transfer vessel 3 are disposed within the stray magnetic field 10 of the MR
system 7. It will be noted that the depicted field lines are merely intended to be illustrative.
Advantageously, this permits the hyperpolarized material to be melted in close proximity to the
MR system, thus saving time delivering the resultant solution to the subject during which the
polarization of will decay. As further illustrated in Fig. 2, the polarizing cryostat 1 includes a
magnet 11 for applying a field thereto, a vessel for containing the material to be hyperpolarized,
and a heat source for raising the temperature of the material to facilitate hyperpolarization. Also
illustrated is the fact that the polarizing cryostat 1 is in operable communication 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 2 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 [ield of the

18



42.The method of Claim 41 wherein the hyperpolarized nuclei in the mixture have a T1 value of at
least 5 seconds at a field strength in the range 0.01-5 T and at a temperature in the range of 20-40C.

43.A metho%@f {l;ggy?ciiglsg a Amaterigl ipcluding hyperpolarized nuclei cowﬁ@609!03gggi@creasing 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:; anti % éﬁ% reac in(j thetﬂrﬂﬁsat%rial with tat le sﬁe%rlu%. other m%tqgal t%%orm a mixture
[

including®ASSerssta defetteA e R M D SRR ST TRE e isa Solution. WO

2009/146:4563IRCTMG 20002969645 The Indthiod! chahy piphpret eding sciaimsning &a the first
materiaL%%&%% Aide r%p( Anqrx%%) be made on site in relatively close proximity to the MR system.
The methods and systems of the present disclosure, as described above and shown
in the drawings, provide for superior hyperpolarized materials and methods for making the same.
1t will be apparent to those skilled in the art that various modifications and variations can be
made in the device and method of the disclosed embodiments without departing from the spirit
or scope of the disclosed embodiments. Thus, it is intended that the present disclosure include

modifications and variations that are within the scope of the subject disclosure and equivalents.
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46.The method of any of the preceding claims, wherein the mixture includes pairs of bonded nuclei.
47.The method of Claim 46, wherein at least a portion of the bonded nuclei are hyperpolarized. 48.A
method of ég 8 Ao %1 aterial containing hyperpolarized nuclei, comprigiRgliys2eeddsiRunatting a first
material including a met yI group into a high surface area configuration; b) 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 %ﬁﬁﬁ;e Ti of the first material experiences a minimum
without melting or sublimating the first materi time period less than about thirty seconds.
49.A métfindiotlmoddong a material containing hyperpolarized nuclei, comprising: a) formatting a
first material including a methyl group into a high surface area configuration;

1. A method of producing a material containing hyperpolarized nuclei, comprising:
) formatting a first material into a high surface area configuration;
b) in a polarizing cryostat, exposing the first material 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;

c) increasing the temperature of the first material without melting or sublimating the
first material resulting in muclei in the first materia! becoming hyperpolarized; and

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

including hyperpolarized nuclei.
2. The method of Claim 1, wherein the mixture is a solution.

3. The method of any of the preceding claims, further comprising melting the first material

prior to the reacting step.

4. The method of any of the preceding claims, further comprising melting the first material

as part of the reacting step.

3. The method of any of the preceding claims, further comprising exposing the first material

to “He after exposing the first material to “He.
6. The method of any of the preceding claims, further comprising storing the first material
in a hyperpolarized condition 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 ieast one material selected from the group consisting of 3¢, BN, 'H, P and **Si.
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p) increasi_ng 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

_experi‘ence%%‘%@mg{gbt.o a second temperature above the temperaturepgtwRighsiie bl 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 includin erpolari cle : : :

2009/146153 er?ﬁ?ﬁ‘é’éc?é/ﬁ%%%é?f%ﬁ%%%%%? ’g%gﬁ(%:i%n% r%g{t rs\i%/tl’qct%rﬁgilgiﬁ%crﬁ3513rgpolarized
nuclei, tempnigingare of G Hiyperpolanzinighadirst egaraibdivrting thy mateadiniiei e erature from
a first temperature below the temperature at which the Ti of the first material experiences a minimum
to a second temperature above the temperature at which the Ti of the first material experiences a

minimufh withShe medkiibed Couptifatigeindif Sormanm ISPRssthoar f STSHTERG 4 Haterial

Con;?ingﬁgs%eﬁﬁg%%ql@ USlBle GAMPISINGD the B) farmattiooradiisiiaserialdate ahighsurface area
contiguration,
to a second temperatare substantially above the temperature at which the T1 of the first material

experiences a minimum.

10.  The method of Claim 9, wherein the temperature of the first material is increased from a

temperature below about 10K to a temperature of about 200K.

11.  The method of Claim 9, wherein the temperature of the first material is increased in the
presence of a magnetic field at a rate wherein less than about 90 percent of polarization imparted

to nuclei in the first material is lost.
12.  The method of Claim 9, further comprising the step of transporting the first material to a
location within the fringe field of an MR system after the first material has reached the second

temperature.

13.  The method of Claim 2, further including the step of removing the first material {rom the

polarizing cryostat upon completion of step {c}.

14,  The method of Claim 13, further comprising transferring the first material into a transport

cryostat upon completion of step {c).

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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b)ina polgrizir_lg cryostat, exposing the first material to 31-le at a temperature below about 10K and a
magnetic field in a manner sufficient to substantially increase the polarization of the first material; and

“C) reacting R% '{%ﬁgﬂtﬁrial with at least one other material to forma mixtprginghkidingdsyperpolarized

nuclei. 53._A metl producing a mixture including hyperpolmized nuclei comprising: a) providing a
precursor including hyperpolarized nuclei; b) disposing the precursor in the stray field of an MR
system; and c) reacting the precursor with at least one other material to form a mixture including

hyperpqlarized. nuclej. 54. erpolarized material-ma - j

: 1 FFJ o QLN @ 4 St of the
prec:edﬁ]%1 clalméo’.rgg%&i?s?/s eimgPQr%%gf‘g %rgfﬁéﬂ a r%g%éagﬂ%%eﬁgﬂ;ning hyﬁér%%?r%é% nl%%iggcomprising:
a)a polanizfingt cryestatine wdgngta viegbel for exposing a first material formatted into

18.  The method of Claim 16, further comprising increasing the temperature 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.

19.  The method of Claim 18, wherein the temperature is raised to the second temperature at

substantially the same time the first material is transferred into the transfer vessel.
20.  The method of Claim 19, wherein the temperature is raised to the second temperature in
less than about thirty seconds in a magnetic field having a strength between about 0.1 Tesla and

about 1{ Tesla.

21.  The method of Claim 18, further comprising the step of disposing the first material in a

mixing device within the fringe field of a MR system.

22. The method of Claim 21, wherein at least a portion of the reacting step occurs within the

mixing device,

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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a high surface area configuration to 3He 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

. %?ﬁ\é{% 2009/146153PCT/US2009/039696 b) a firsphpatsadienday increasing

“of the first %e{d
the temperature o first material without melting or sublimating the lust material resulting in nuclei in

the first material becoming hyperpolarized; and c) a mixing device for reacting the first material
with at least one other material to form a mixture including hyperpolarized nuclei. 56. The system of

Claim 59, wheyein the mixture is.a solutign, o7 .The system.of any.of.the pregedingeclaims. further
compris"?ﬁ'g aesft.ﬁceonrrl1 ?hoéja %s%lgrggcgjrl?ﬁg%in%g’t geﬁ%% ma_te}ia} to pgrrﬁit the first material to react. 58.
The systempab@iainsT, antisreidHersecondineat sotree iféflides the material with which the first
material is mixed in the mixing device. 59. The system of any of the preceding claims, further

comprising means for exposing the first material to 4He after e;(]posing the first material to 3He. 60.

The systém ofmynstimd ofreveefisirentinds2 furthercib pAh e ifsh &pdit effdstat in

28.  The method of any of claims 24-25, wherein the acid includes formic acid.
29.  The method of any of claims 24-25, wherein the acid includes lactic acid.
30.  The method of any of claims 24-23, wherein the acid includes pyruvic acid.

31.  The method of any of claims 24-30, wherein the acid is isotopically enhanced in one or

R . - 13
more of its carbon sites with ~C.

32, The method of any of claims 24-31, wherein the at least one other material includes

sodium.

33, The method of 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 inclades 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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which the first material in a hyperpolarized condition is stored, the transport cryostat being 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 ‘3C, 15N, Ili, 31P and 29si. 62. The system of any of the

precedimy claim&GmaReEehpHah P rdsrediveslnssntamendhsRngate TR s dratsPe b e first
material withoptmeling:or sublimatinacthe caaterialaftanthedissti nalais hacomes/Byperpolarized. 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 Ti of the WO

2009/1464 53PGTHLELA0H A396 98 ksl malesi QEU%F%%%&VBFH@W&&@@&@%%WWWG
Ir

substantially above the temperature at which the Ti of the first material experiences a minimum. 64.
The syst8f fCIAH S ITEAETSINIHE BFReARIBRIEHNEI and configured to increase the temperature of

the first materia)from g tempgraturebelomaban0k e siisireiatie 0 habauh2Q0Kith any

of the preceding claims;
b) exposing the subject who has been administered with the mixture to radiation
of a frequency selected to excite nuclear spin transitions in the hyperpolarized nuclei; and

c) detecting magnetic resonance signals from the subject.

41.  The method of Claim 40, further comprising generating at least one of an image,
dynamic flow data, diffusion data, perfusion data, physiological data or metabolic data from
the detected signals.

42.  The method of Claim 41 wherein the hyperpolarized nuciei in the mixture have a T1
value of at least 5 seconds at a field strength in the range 0.01-5 T and at a temperature in the

range of 20-40°C.

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

a) increasing the state of polarization of a first material in the absence of a source
of free elecirons 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 thé first material with at least one other material to form a mixture

inchuding hyperpolarized nuclei.

44, The method of Claim 43, wherein the mixture is a solution.
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‘65. The system of Claim 60, further comprising a transfer vessel for receiving the first material from the
transtp(_)rt_ cry(r)]st?t. 66. The system of Claim 65, wherein the transfer vessel includes a magnet for
“maintaining the first material in a magnetic field. 67. The system of Clai ‘ risi

mixing devié‘e’qgf’q%%‘gkﬂ?}g the first material from the transfér vessel. 68.rEI' e%%é%&ﬁ%?ggin: nGg7a
w_herein the mixing device and transfer vessel are adapted and configured to be operated within the
fringe field of a MR system. 69. The system of Claim 68, wherein the magnet of the transfer vessel is
adapted and configured to be turned off 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, whereinthedisbindteriabishe paliddh SARms7 @hTesystert ofaenabhdiiems 5889, wherein

the first material is a gas at STP. 73. The system of any of the preceding claims, wherein the first

materiafi§1f-a high surface area configuration that has a surface area to volume ratio greater than
about 0.1 m2/g.

46, The method of any of the preceding claims, wherein the mixture includes pairs of bonded

nuclel.

47.  The method of Claim 46, wherein at least a portion of the bonded nuclei are

hyperpolarized.
48. 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.

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

a) formatting a first material including a methyl group into a high surface arca
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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WO. 200_9/146_153PCT/U52009/039696 74.A system of magnetic resonance (MR) investigation of a
subject including a human subject or other organism, said MR system comprising: a)means for

_producing a mixture including hyperpolarized nuclei in accordance with ing claims;
l)an mjectoW]%P%?aﬂﬁf‘ﬁg%ering the mixture to the subject; c) at least (?r;gr gati%% %?ggﬁcy coil for

exposing the subject to radiation of a frequency selected to excite nuclear spin transitions in the
hyperpolarized nuclei; and d) a detector for detecting magnetic resonance signals from the subject.
75.The system of Claim 74, further comprising means for generating at least one of an image. dynamic
flow data, diffusion data, perfusion data, physiological data or metabolic data from signals received
from the detectomethod of producing a material containing hyperpolarized nuclei, compsising:

a) hyperpolarizing a first material; and

b) increasing the temperature 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.

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

a) formatting a first material into a high surface area configuration;

b) in a polarizing cryostat, exposing the first material 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; and

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

including hyperpolarized nuciei.

53. A method of producing a mixture including hyperpolarized nuclei comprising:
a) providing a precursor including hyperpolarized nuclet;
b} disposing the precursor in the stray field of an MR system: and
c) reacting the precursor with at least one other material to form a mixture including

hyperpolarized nuclei,

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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__76.A sy_stem for producing a ma_tterial including hyperpolarized nuclei comprising: a) means for
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 presenge;of & haeiagsic field; b)
means for Wc?e%@?ﬁé%é temperature of the first material without melting it‘res%lting in nuclei in the

first materia_l becoming hyperpol_arized; and c) means for reacting the first material with at least one
other material to form a mixture including hyperpolarized nuclei. 77.The system of any of the preceding

claims, wherein the first terial i i
e e TS e Sy ouR TR LSRR O precedino

melting or sublimating the first material resulting in nuclei in the first material becoming
hyperpolarized; and
c) a mixing device for reacting the first material with at least one other material to

form a mixture including hyperpolarized nuclei.
56. The system of Claim 55, wherein the mixfure is a solution,

57.  The system of any of the preceding claims, further comprising a second heat source for

melting the first material to permit the first material to react.

58. The system of Claim 57, wherein the second heat source includes the material with which

the first material is mixed in the mixing device.

59,  The system of any of the preceding claims, further comprising means for exposing the

first material to “He after exposing the first material to *He.,

60.  The system of any of the preceding claims, further comprising a transport cryostat in
which the first material in a hyperpolarized condition is stored, the transport cryostat being
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 B, BN, 'H, P and 3.
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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“nuclei. 79.The system of Claim 78, wherein at least a portion of the-bonded nuclei are hyperpolarized.
WO 2009/146153PCT/US2009/039696 80.A system for producing a material containing - -

“hyperpolarized nuclei, comprising: a) means for formatting a first maggrial.i ' methyl grou
into a high S‘Hﬂégggg?ég%onﬁguration; b) means for incregsing the n%@%@%@%ﬁﬁn of t%/e%‘irstp
material; and ¢) means for increasing the temperature of the first material from a first temperature
below the temperature at which the Ti of the first material experiences a minimum to a second
temperature above the temperature at which the T1 of the first ma(ggpr@&lfx eriences a minimum

without FEeRAEERSEHIRRERRTS HIRTHEL R S It Hhaa B &R :

. . &ss than about thirty seconds.
81.A sysieifenpadwaioy taTatefidkdhntamingahyppepalarzediicien comprising:

64.  The system of Claim 63, wherein the system is adapted and configured to increase the
temperature of the first material from a temperature below about 10K to a ternperature of about

200K.

65.  The system of Claim 60, further comprising a transfer vessel for receiving the first

material from the transport cryostat.

66.  The system of Claim 65, wherein the transfer vessel includes a magnet for maintaining

the first material in a magnetic field.

67.  The system of Claim 65, further comprising a mixing device for receiving the first

material from the transfer vessel.

68.  The system of Claim 67, wherein the mixing device and transfer vessel are adapted and

configured to be operated within the fringe field of a MR system.

69.  The system of Claim 68, wherein the magnet of the transfer vessel is adapted and

configured to be turned off 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 1s 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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~a) means for formatti_ng a first material including a methyl group into a high surfaée area configuration;
b) means for increasing the nuclear polarization of the first material;-and c) means for increasing

_the tgmper%gf)%m&gi;st materigl from a first temperature below the tepapareturecadashich the T1 of
the first material experiences a minimum to a second temperature above the temperature at which the

'I_'i of the_first material experier_lces 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 warmingfste . 8t2.The SystenuR Glaim. SkdHiher corplising; RSk i i
- i _ ok reacting the first
materlaJ{IJ(N]th ﬁt Teast Qnemq né:rlgnrgtsgﬁa to @rrrgm a mixture includﬁﬁg hyperpo?g%iej;id nuclei. 83.2 system
for produbjag ermitenagaostaisatgMisepFOIERR 1EEER, comprising: a) means for

hyperpolarizing a first material. aifling 2 PEMGRRIANCIOBSPAMe-teRaprIaiue atithedirst material
from a first temperature below the temperature at which the Ti of the first material experiences a

minim_um@b@xe?%@@?@égét@?@%pove the temperature at which the T1 of the first material
eXpter[epcest%mlnlnr]&{ﬁhj@&?Q%ﬂ%&!Hﬂx%@fiﬁgfﬂh@nﬂiﬂﬁgdh@ﬁﬁﬁsiunjate,rial. 84.A system for producing a
material containin erpolanzed nuclei ising:
c) g a¥ rl)easrt) one radio frquflzhgy(r) rcrc])%r%%llngipg_vsigg%lgg ?14%‘3445:99' %%_g&gtﬁjjnS(%%OQ/ 039696
frequency selected o excite nuclear spin transitions in the hyperpolarized nuclei; and

d) a detector for detecting magnetic resonance signals from the subject.

75.  The system of Claim 74, further comprising means for generating at least one of an
image, dynamic flow data, diffusion data, perfusion data, physiological data or metabolic data

from signals received from the detector.

76. A system for producing a material including hyperpotarized nuclei comprising:
a) means for increasing the state of polarization of a first material in the absence ofa
source of free electrons or paramagnetic impurities at a temperature below about 10K in the

presence of a magnetic field;

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

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

mixture including hyperpolarized nuclei.

77.  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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g)meqns for formatting a first material into a high surface area configuration; B)a polarizing cryostat
including means for exposing the first material to 3He at a temperature below about 10K and a magnet

-for genera.ti%ai@bq)]%%c field in a manner sufficient to substantially incrgagedhad@kadzation of the
first material; and c)a mixing device for reacting the first material with at least one other material to

form a mixt_ure includ_ing hyperpolarized nuclei. 85.A system for producing a mixture including
hyperpolarlzeq nucl_el comprising: a)means for providing a precursor including hyperpolarized nuclei;
B)means for dlsposwgghegpricursor in the st{r}a field of an MR s 163 s for reacting the

precurs Q'With}%lﬂ&tg 5 ug%nﬁlgt%ﬁtgpt% ?o?rél %nrlﬁigﬁf %?%&ﬂé%ﬁ?@ylﬁ}%ol rized nuclei.
a) means for formatting a first material including a methy! group into a high surface
area configuration;
b) means for increasing the nuclear polarization of the first material; and
¢} 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 within a time period less than about thirty

seconds.
81. A system for producing a material containing hyperpolarized nuclei, comprising:
a) means for formatting a first material including a methyl group into a high surface

area configuration;

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

c) 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 (o 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.

82.  The system of Claim 81, further comprising means for reacting 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.

4. A system for producing a material containing hyperpolarized nuclei, comprising:



WO 2009/1461353 _ PCT/US2009/039696

a) means for formatting a first material into a high surface area configuration;

b) a polarizing cryostat including means for exposing the first material to ‘He ata
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; and

c) a mixing device for reacting the first material with at least one other material to

form a mixture including hyperpolarized nuclei.

85. A system for producing a mixture including hyperpolarized 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 nuclet,



