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BACKGROUND

Field of the Disclosure

The present disclosure relates to improved materials including hyperpolarized
nuclei and techniques for making the same.

Description of Related Art

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

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

amount of polarization lost during the chemical reaction has been shown to be small.
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extremely long because at low temperatures, molecular motion, which is a major source of
nuclear magnetic relaxation, is greatly diminished. To address this drawback, a variety of
relaxation agents have been used to reduce T; in the high B/T environment including dysposium,
gadolinium, oxygen and others.

An alternative to employing a relaxation agent is to incorporate a polarization
agent such as a trityl radical and then transfer polarization from the agent to nuclei in the target
material. This approach has the advantage of not requiring such low temperatures or high fields
and has been used to demonstrably produce very large polarizations in small amounts of
material. It has become the basis of a commercially available research device with the trade

name Hypersense®.



However, adm xture of either an external relaxation agent or a polarization
agent has a nunber of drawbacks. First off, they are generally equally
ef f ecti vewatzodapeioari zi ng the material while still in tkreTdaskéidost3at e upon
renoval fromthe high B/T environment. This makes it very difficult to
store/transport the hyperpolarized material any significant distance from
the polarizer and therefore mandates that the polarizer be placed very

close to the MR pachine . in whi (%h. Ehe st ud%%uti lizin hyperpi)l arized
material is to BEAFHREFUEHE of SURY M SF i) Slaraioq,REeRtsh 2 HPI3HERUM 485PY ons

agent 584 ‘ﬁu&%&%‘%ﬁ*&\bwackgxh‘fst o'ft*?it}r%yfﬁ?é( 3 eﬁiﬂ%@qﬁﬁ%@eeﬁ@@@ﬂ d‘é%fah%in%%c use in
in vivo MR studies. For this réason alternative rel axation

agent snateral varle shbnn thexobd atatt upmn rémeydh drompthe high B/Anmwvednmienth dibis makes it
depol ari zi. e terial have been deyvel oped. For .exanpl U.S. Patent No.
6. 51 VG FallE s B B O Sim TR 8 BroBRET i Sy BROE Bansg 5 65 Tayer <
of 3Heoniizar dddherstbid ARAdALLBASHOPbALE HePibd WEilyRIbsk O etMR MBdhedeiial to be
hyper pol ari zed. Quant um tunnel i rlgmi n the 3He overlayers causes rapid

e’

r el axathighthe studpiatilipige hyperagl ptgrial is gibaepreied utpiSgcansliyy maast whaxetion he
nucl eqy. BBh%tho%%gaﬂs A8 £ D&ﬂﬁot@!(i . §HK &@%@E&é@a 2hE prSoIGRGE £Rlldiglipert and
can noreover be thHhorough 9 Fenoved frominhe naterial prior to warmup from
a hi ghi® MReswvdieonnent whi ch addresses in vivo usage concerns. U.S. Patent
No. 6,651,459 further teaches the use of 4He to renove the 3He fromthe
surface of the PO 4 FatPalteiatize relgraiPnpasyethaeys nap foa ¥hcapon war nup.

An as F%Er‘?l‘ierﬁ’ﬁ)ret eﬂx@%fc?%vﬁhgﬁ‘c%ﬁolia?zi%g%e hi€riAevE EE‘enOd'Qv}éloﬁ&ﬁrﬁﬁ%{ e‘!c?nlﬁgle[ el ax

the substrate ayer w In 1ntimate contact.
mat er (5. Patstt Noe 6rédd et 5P itaohas thenye ¢fi'Gle as anélacaioaragantdybsisorhtne pydroof tHe

ol ari zat.i.on ich may, i npose materjal handlin ifficulties
e P s Ared ey oo s ] romy P Bl Prochs MypéalaieSi. Quansym
hyper pdlihg fkhé “HE o) eBER dades M18Y SeliD@ol Bt @kiv@ber Bnd Blatdiak RN thrapRy

kind of external relaxation or polarization agent. Mre generally, there
r emai nstuzativaed thernuckear pelarifagioniinp highed Tappiroavbids “He inehemicadlyunat and canspor t

20 35PN PR e B P S 54 B v 05

Advanteagiesnridnt imechddRise ids ifliveiel 188 @ndkink. UES. Fatent Bbt 6165 N45Nthrihec@nEhes
apparent fromthe description that follows. Additional advantages of the
di scl darse o Hp tyeemang|the; dte form thagoriagg of e peBsPCMRSghQ/OWTBIE at t ai ned

by th%e?&m&qigaq@?%%sﬁﬁﬁﬁm particularly pointed out in the witten
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An aspect of the above process is that the *He can only effectively relax the

substrate layer with which it is in intimate contact. Thus, the material must be made into a very
high surface area substrate prior to polarization which may impose material handling difficulties.
There is therefore a need in the art for a methods of manufacturing hyperpolarized
(“HP”) material where the material is not mixed with any kind of external relaxation or
polarization agent. More generally, there remains a need in the art for improved approaches to
manufacture, transport and use of highly polarized materials. The present disclosure provides a

solution for these problems.

SUMMARY OF THE DISCLOSURE

Advantages of the present disclosure will be set forth in and become apparent

from the description that follows. Additional advantages of the disclosure will be realized and
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In further accordance with the disclosure, the first material may include
an acid and the at | east one other material may include a base. On the
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deactivated or shielded prior to performing an MR system operation.

In further accordance with the disclosure, the first material may include an acid

and the at least one other material may include a base. On the other hand, the first material may

include a base and the at least one other material may include an acid. Accordingly, the acid

may include an acid selected from the group consisting of acetic acid, formic, lactic and pyruvic

acid. Preferably, the acid is isotopically enhanced in one or more of its carbon sites with °C. In

accordance with one embodiment, the at least one other material includes sodium, such as in the
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The nmenikbde preédrale davor avaliagf & 1¢4st § seovndeatiadicld prength i thtrange PAded &r ea
configuration an i.n.a pol ari.zi cryostat, exposing the first material to
3He at%nga{% reéag%ffénglglrg eog LR:%%K and a magnetic field in a manner
sufficient to suistiaeidsatel HrthdiGreAaS 4 Methp@bapiodatin®a nefterid endhidisd
material. The nethod al so includes reacting the first material with at

| east hyperpelarerd mheler Tae meghoddnehndesinsteaning tha statrifmgl izpeepef afiisted nucl ei .
The di : [ t Cy ' ' L

nyper S ar SLGeabSRePORYLES: & el (PL B IR AU G i
hyper pobarifiesed.gn BHAgidiscdissf asovey at A Onp@iatu 0 BEILOAMCH! LI il Phesddd2 dfhe
precursor in_the stray field of an MR system  and reacting.the precursor
with dpagngtistielgnigcispias thedeapsrafurg of the figt ateriyl wibortrasltiag HgetiyeriBol ari zed
nucl €igcle in the first materidl betokiig 15922080 £k 38 AhE hARYa PwitR D
enbodinrl%%fcﬁmc}?e alrséipsattém ?or0 pr%gﬂ%?% & nat erigﬁt gont altll%n%nngylﬁyggr ptollegsrti zed
nucl eione sther omtediatto fohe asyistueennchelinglegpespoparizad na¢lag Theyostat ntagundgdea
vessel fﬁ{t' ex osi%a first. material formatted into a high surface area
conf i guPdt B T4 eré?/pezi OtféIHfSté’rreét_ure bel ow about 10K and a magnet adapted
and configured tig fRfRY hel@rdntBINBihCdikil8d e, ithe RelRONEEscE hezbifMayt O
substantially increase the polarization of the first material. The system
f ur t henclideodnofeléments whereithibg tfirg auaterdal fimyludes emeeibylrggourheBY wapef atrthee of t he
first naterial w.thout | ting.or sublimating. the first teri.al resulting
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| east one other material to forma m xture including hyperpolarized nuclei.
I n fuhyBePolagiedst dance with the disclosure, the mxture may be a sol ution.
The system may fyrtf ' 0 f Lng. the first
material to per n'qillte d?%{eoskll%ﬁgl#g& t%‘?lggsl J]I?S&r%gtg(f:? I%ld'ﬁlﬁgg g&a&%ﬁﬁl%é@? mg%wce may
i ncl udgpépelarisddemicidi. Whe medhiddhcltdts fhiniatingratiest nalteriad invludeey 4 methye groupi Ng
device. Far. exanple, the_ first materjal may be nelted by dropping it into
t he mab@ihigh wrtace frve CANKgEAHGN, Licrepsingthepuglear ﬁpke@a%twewf\x%ﬁyfoﬂéf mAfFigher
exanple, the first material may nelt prior to contacting the material wth
which the first material is mxed. The systemnmay further include neans for
exposing the first material to 4He aft6er exposing the first material to



3He. In accordance with a further aspect, the system may
further include a transport cryostat in which the first material in a
hyper pol awozed/érdi ti on is stored. The transport cryostratr/tsgopnefer abl y
suitable for transporting the first material to a site renote from where
the first material was hyperpol arized. In accordance with a preferred
enbodi nent, the nuclei in the first material includes at |east one nmaterial

selected.fromthe group consisting of .13C, 15N, 1H, 31p and 29si.
' acdOf G LR aF St Infipaldir ég{rﬁéﬁx@l"?{é‘i“%d'éeq% for
subst aghp&hduye 4tVHi@RGENY of AR ASMRSEALWBe¥nctNE nitiftin (B Lo eWpthaHt

melting or sublimating the material after the first material becones
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tenperature at which the T1 of the first material experiences a mninum
The sywratked insludessfospatbng aduspeaeria merleding p gipted grnpiineradigle swfse pedper at ur e
of th - . mat er i f r - erature
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di scl eatipgatutenef By fitse mararinl froel diist @nipe anat ®eloweths @dmpevitureat aihidihnge The
first material fromthe transport cryostat, The transfer vessel preferably
i ncl u®b&eIHEHARTIAlGPCRHEICAT &MATIAY et 1CPRT CHREEYITERDOYT e FREIFETIE 3 i el d.
In ac Qﬂ?&?&%%%%ﬂé fﬁstf[ﬁéflt&?ﬁrexﬁéﬁé%és’? ni?ﬁlﬁlewﬁ%&ﬁ?ﬂglﬁ OB EmaTE the Adst
device for receiving the first material fromthe transfer vessel” The

m Xi ngnadevdl sethanad titnegresibé tesy éma @bowdrtkirgyrsed@wdabiheraid dgs dlthnaabduc@hparcamt ed t o
be operated within the fringe field of a MR syste The net of the
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per f orgcnguRN Vi SRAETIMRAN R kfed with at least one oltRr fAld#Atl BRAAMRAFE W th
the system the first material can be a liquid, solid, and/or a gas at STP.
The fiindudinghgpdrpdlaiizedgrelesr ligicyoridancg wiitlyeertirr pratoared coodondnty lasathiaon t hat

has a surfac ea.t I rati o greater than .about 0.1 nR/g..

The drBeraDare M 0B 8 25T bEnpr i Wi naPAuBR R b o Bving Pt i on
of a se¢hp&sdurd Ncl udi ng a human subject or other organism The MR system

i ncludes neans for producing a m xture including hyperpolarized nuclei as
descri bed her ei Mhgsidpclpsuienjeetrder piowidge aintithaderfiphgduche mingietiplecongining
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exposi e su to radiation o requency sel ec 0 excl nucl ear
Spi n teapshtaiecosrtahe first hatdmppaomal frst eagerutat delowathe tansieitectad whicr thel@ ect i ng
magneti c resonance signals fromthe subject. In further
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The disclosure still further provides a method of producing a material containing

hyperpolarized nuclei. The method includes formatting a first material into a high surface area
configuration and, 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. The method also includes reacting the first material with at
least one other material to form a mixture including hyperpolarized nuclei.

The disclosure also provides a method of producing a mixture including

hyperpolarized nuclei including providing a precursor including hyperpolarized nuclei, disposing



The di sclosure al so provides an exenplary system for producing a materi al

i ncl udi ng hyperpol ari zed nuclei. The systemincludes neans for increasing

t he st at ewof2opal2erodzati on of a first material in the abgemas2aib/oarssour ce of
free electrons or paramagnetic inpurities at a tenperature bel ow about 10K
in the presence of a magnetic field. The system further includes neans for
increasing the tenperature of the first material w thout nel ti ng it

resultj in nuclei int |rs mat eri a bec e jzed. The
syste f‘alg@ﬂlrﬁ‘?rd{‘&&i?e%r%eggﬁ IPIE 105 eETA %‘h?%ﬁ?ﬁx‘%@ ﬁg F‘b $O8Et i ng t he
first Jamtefdlal W foli‘maatmix@lﬁ‘éEnc@ﬁtﬁn@ﬁ*}%&pﬂﬁﬁ&ﬁ'n@ﬂef0 forma mxture including
hyper pol ari zed nucl ei ' n further accordance with the

di scl osure, the Inllflsfdieoswr@psc enth thagisclpsure, ze eanbfodingent wht eystah ferhat
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surface area ura I on an I ncre

pol ar |fira;tmalma1f Thlaeyg‘tetrnﬁrthmﬁleﬂucah a f"fitelesmhﬂ:mfémmﬂaegmg thelerdlpatieasts f or
increasing the tenperature of the first material froma first tenperature

bel owhdist Bseprbyithent melipg ensubimating Ge firptangtenia resplingip auclekindhs Bfites a
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f
the first nateria I ences a nimum w t hout mnelting or sublimating the
first timafist material with at ]aastt ione ofher mattrinkb®sotrh amiatwowiinctulding yypspotmcsd
I'n further accordance with the disclosure, a systemfor producing a
mat er i"4F'°tont ai ni ng hyperpol ari zed nuclei is provided. The system i ncl udes

means for formatrh mqleaaédo&%cmtﬁrth@&saagirydh@gmauﬁ%me HEAMRod, Mt @ high
surface area configuration, and neans for increasing t'he nucl ear

pol ar isygemanryofurtheren¢lndsa semnéhczalsourrhéorsy@tlmhfelfrrstheatemzﬂéb adwst thedinst f or

i ncreasin hete erat ur, of the first rSt. t ture
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the first materjal experiences a mnimumw thout nelting or sublimating the
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t he wgrm ng step. In further accordance with the discl osure,
the sySfem may include nmeans for reacting the first material with at |east

one ot her mat er ijakcdoQadRt Wid a}r?uﬁhwagpéaaqhyg*swnﬁm %Mr digRh t‘i’ﬂﬁkl L

In yet further accordance wt scl os yste or produ
mat er |ca3|'ostaom which mlg; ﬁmypmapuhlalmaz]rwemtalmed c«md;nncmns d@dﬁ:d Tﬁ@ twspcehwnynsithes
neans .f or t mat er | neans i ncr%a?J ng the

F orpor PG BRI of LEmAREkIE B 1Y SRR (g Tggor rom WHERe (e T
2011/ Qrld3 Rﬁ?&l%@&gﬁ%ﬂ 3&Qccordance with a preferred embodiment, the nuclei in the first

material includes at least one material selected from the group consisting of °C, PN, 'H, *'P and
Si.

In accordance with another aspect, 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 T of the first material experiences a minimum to a second temperature



tenperature below the tenperature at which the T1 of the first material
experiences a mninumto a second tenperature above the tenperature at

whi ch t hewdkoofo2stee first nmaterial experiences a m ni nuRCEUSh@O4T3R0 t i Ng oOr
sublimating the first material. In still further accordance
with the disclosure, systemfor producing a material containing

hyper pol ari zed nuclei is provided. The syst em i ncI udes rreans for formatting
a first mate aL hoahl hsurlfl??lt @ ration, oIarlzln
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first from emnmeratfméemg@ntéogoo am@hlumletgrfepfmbwtr@oﬁew ce for reacting the
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enbodi nepnt, the disclosure provides, further enbodi nents of panufacturing
hyper s8nagyrsd e heansrated Witkindhe finge dielhol aMR wisteRbdlerapenseel he dpnifehg a
first i t | east one
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pol ar iopatatiom of the at |east one nuclei to other nuclei in the first

mat eri al . cordance with further aspects, the.fir

mat eri al prefera[‘&[f'ift}lehé?‘i? & WS 1YSiegt e %ﬁsbﬁ‘ﬁter’gﬁ E’SIBB} ]csﬁ? of at
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pol ari zation step, and the increased P’arl zagtl on of the at |east one
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transferring st ter antl |y puyrged of
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of 12 ari zation
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envi r dregesricy cohlifsr gxpefiag izl syabjelcdoudmtl@;t oﬂ eRsjueatiesetdctdd tp edeier matdangpihhe
tenperature of the first material, and é)ésubj ecting the first materi al
to an tw%&amd%&mmhreséM@lﬁmvﬁéié@tpﬁ& é@@%%lﬁégrfeéwfr?sepamwe n the
first ool Blis@bjeks exposed to the polarizing environment for a tine
sufficient to poI arize at | east one hydrogen nuclei contained in the first
material to therdmbdyheantrdgae withrthaidiscldghee,fthe sistemamay ifatheminclisle meassl i d,
liquid and/or. gas, at STP. Preferably, the net her ncIu es the step
o Y ex tPEBTFE AClefit 3t OFast wriee) DrEis RS BBt A7 R toHgiaBngr FOM (o 9.

cr ysophalidlophial dued Bembiabsiic did Rbaliga: ibleit b salhddgiase. "N S0, (he
polarization time is preferably SUf%ICI ent to polarize the at |east one
hydr ogen nucl ei Tha disstosnestahspl prgvidespan exemplary SYStemIﬂPr Ia‘@@wltlmhm@tmal h anot her
preferr d..as urth
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t he polarizing environnent to the second location in less than 1.0 seconds,
than 0.1 seconds, less than 0.01 seconds, or in about 0.001 seconds, if
desired. In accordance with still further aspects, the second

| ocation can include a cryogenic environnent with a magnetic field. For
exanpl e, the second |ocation can include a transport cryostat including a
magnet, wherein the magnet applies a rfagnetic field to the first materi al
at a low tenperature. Preferably, the first material is in a solid state
after the polarization step and the first material is directed to the
second | ocation by accelerating it with fluid pressure. The first materi al
can be d| rect ed to the second Iocatl on by directi ng |t through a condui t
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In accordance with yet further aspects, the second |location can include a
nmelting vessel for nelting the first material. In one enbodi nent, the

regi on ofwdeoriges®wd nagnetic field can include magneti c pemiuskaiongrst® | ower
the strength of the magnetic field in the region of decreased magnetic
field to a magnitude |l ess than the Earth's background field. If desired,
the nmethod can further include warmng the first material while in the
polar|2|n envi r.on r|or t 0. expul si on. The warm ste referably
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surf aggofd @@ témﬁéatufévgt %théﬂ th€ g obﬁle%a%ﬁénmxgéﬂfent&ra Aidin¥E withddcci ent to
pol ari ze at |east one nucl ei contained in the material . Subsequent to 3He

exposumating biesuhhgl}atlsgxthfeafuet matedal frothime tiew feiriod fesméitaarabaitt thaty deeorsiéposed to
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Warm ng preferably increases the tenperature of the first material from

bel owndterial digheding o methyl gigipd AtoraHaghT Jurfice arpa cpntiguratiyt @nd gleaesdger i ences a
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mai ntained in a magnetic field during the warmng step. The fjrst material

i's pretErhbey of fis iréthnFtFB?h FREIPEFRT MIRARIRINA %eﬁﬂl?fje‘i%fnPF@tlge 4ksrBe | ocati on
in a Iﬁﬁer%?eaét%hlélh@lg ! &f %qnjsterﬁ%efl!ﬂac&pgﬁencg@ ﬁRl LW tﬁ&ﬁtrhg n%{)IEf er abI y

i ncludes a cryogeni c envi r onment a nagnetl For exa
secondublooainghe Cias mamrialh deéthan 4 fisa ppood less thos hbdut |thm:tbf lachomgs avheagn édss
to the fir rial .gt a |low

wherein the net appl.i es ic fiel

o mper i bgul A percent BP e TRy BAT S dind dblifs ey tHaisP S gRet aBICOHE ot hod.
the fickgiin PREIEREMERIMBELs PRdsahhZ &5bubl 80,79, 80,178C hni3aue0 S1@l £t Rekeht &Nt he
group consisting of (i) dynam c nucl ear polarization, (i) the Nuclear

Over hagbkeizatedif is dost d(lllllilg thpavaamytgr&ﬁgkn i nduced pol ari zati on, ( iii)exposing
t he nucl ei of t?;‘]— rst nma rlal 15041 etgézdnuc ec'lucP eanﬁ eviously
VO 2011/ 026103P Fioltsd oot § tﬁylge‘?% Yﬁ (N may Acly the first
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hyperpolarized nuclei.
In yet further accordance with the disclosure, a system for producing a material
containing hyperpolarized nuclei is provided. The system includes means for hyperpolarizing a

first material and means for increasing the temperature of the first material from a first
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The disclosure further provides a nmethod of form ng a hyperpol arized

sol ution, conprising hyperpolarizing a first material that is a |liquid at
STP i n asweebifmstoh above, and m xing the first hyperpolrariusedonutsas i a
with a second material to forma solution. The first material can be
reacted with the second material to formthe solution. The first materi al
can include an acid and the second material includes a base, or vice versa.
The acid can include one or nore of acetic acid, lactic acid, pyruvic acid
and f $FHPTLIHES %F&OW OREPERBE F‘%}HFIF ﬂif’rc{g %fé]il%%@} m@&ﬁlﬁé@ﬂ@gg@%ﬁ?&émwm
enhanggd sélond 8 S ratiRY ot tHeltEmPLAk CatSIRiES tHRYT, D s i dsthinh @R alfx pPAELCRE 2 TOT €
i sotopes selected fromthe group consisting of 13C, 15N, 1H, Zﬁ, 31lp, 19F
and a ngnimum vathoot aakiog onsutiineatingthderst meppeiol., t he second material can

i ncl ude sodi um su as in the formaof sodium hydroxi de and/or sodi um
bi car bonat e, - 18 M6 tthet fecoRfint iTh B GRTRAR Y HER TS GelRnS ] RRRL oy
mat er icghtafidil PHefporidl n0flek prohfdedathetshemBhdl08ksGRéhnt orttb@Ratineh BE
m xing the first materi al mﬁtﬁ a second material to forma second sol ution.

| n andedierial @xp edighertfacaaige coRfiRuraliqn o Pplasdingsrystat hyrph mgpe/fer QkROsEign t he
first el 15 a i , t i m Xi ng
the f itr S H%Frléjt%éepﬁ gﬁo v%% %lrt]hgm@eeégﬁlg br%a e?]ilxgﬁ 1?% ’ %‘gr%&géﬁseg%rt%eg%ﬁiﬁggst il

anot hernagastiofitldeint manher suefidiad te substantihlieincieasd the @olixativg dfhke fikst St
material with a second material to forma suspension. In one enbodi nent,
the fimaerighatBe pyten alsg inchpdey agpixigpmlevign dor mactingttholrst mterigh wHB At leatt| ude

m xi ng ot B el hafhia Rt Bfrh &l "ﬁ’-tlﬁg'rﬂ:llﬁﬁfgcﬂf% gﬁatl [A@hulig forma colloid. In
anotheP eﬁgog#néﬁt, t%e f?%st haterla g nzge a go ﬁd at STP, and the
met hod can f urt Hefurthec hosbedamicx vty thdéislbsedtemimidenérayd, awlystbmegosprodndngrat er i a

to forman enmulsion. In yet angther enbodinent, the first material .can be a
sol 1 d ko e nermnr s PR I BROHBA. (IRt oLy TROHES [T SR | o
W th 8&esep qlcnﬁﬁg lﬁ)?erﬂo@arfz‘éﬂ LA CARMASIE Sor TR REIng the pRc@RAtiRele @Ahodi nent
the nmethod can include encapsulating the first material in an encapsul ating
medi urfieldipfeandiBayystainat Theg yrteni furtheranclbdesporaps gor reacting the precurber veigicdr dance

w th ano hert spe%t. Rhf nethoq can]fﬁrt er iquu e sioring the first
materia TN & ?{%ae?%%l AT ORGP 0N "E AYPAB YA 51518 Y cr yostat, and
transporting thenhédosdand@ivethiaabtheRerhb&lifneat) B @idcldsuposbrides Rir@esi t € renot e
fromwhere it was hyperpolarized. |If desired, the first material can be

t r anss8tbodnangs of myrndadtemaRreinelarzed mataiige OnepushexenplapRmsthod drgludpse

met ho i - ' ' - - L ' terial
rrom & fok 4 BRLH, b B0 SR S R G 8 o P B BT 1 he
first contamietal thedirsttrhgarideardi tsefeedng the andreasedigoladation of the at least one

2011/ 026103PCT/ US2010/ 047310 device within the fringe field of the MR
systeﬁWCWhE”¥P?§¥wWhWEP?Qﬁtggﬁ?Phen react (e.g., chemically) with a second
mat erial wi thin i 06 o003/ o IRl fleahldma bR TRORSL, BLIOG faReT er
vessel is turned off prior to performng an MR system opéeration. The above
st eps retengivepctae poldzaion ofaglastloms hiydfogeineudleiiit ittel metbghamrgnoupsied t o
hyperpol ari ze the first material. .In accordance wi.th still another
embodHied e pploeStion b and 1 idlpirapp G giton i 15 Sdtibotk Berosen

I n acGREdARGRnYeEEd &NGth&ialucRIMOHE MRAtmatdidlpt (hedrah SteR iRk driRSirs@hatkAlt h
above, but further conprising increasing the tenperature of the first

mat er iiaprefargny aulfsitansinlly pengedt af parampgrieowagerithandopdarszatondganepérrde ur e above

Tmn while the first terial 1s siktuated in the transpor 0Ss or

pei ng M1 ERds TekeSimPR, B o Bl el B AP ERRH o TXARPA can
t hen Qeiofltd gaireAtibMt Thé ALt hatsniaf Bprofe®dB) isotéPRAEY enHaheed Hyadusbantivessedr 1 S
adapted and configured to maintain the fir tﬁ%%ﬁluﬁt an, el evat ed

t
magnethe Pf B doavgsites vath dnesst aete” KXeweF %Na%{ el fialg pdi nt of the
first material. fgr sel ¢ ' - net and
t he tenperatureIgg&¥ﬁ§%??k§?zﬁgggﬁ%gPabgﬁpégéﬁg#% %ﬁ%@%ﬁ%ﬁgfﬁghgggnsfer
vesselexpbsihgets firstimapaidl tna pblatibiag @h dir@fmedit.y This @refembbcacndart éavd drie od
further aspect, the nethod can_further incluyde mxing the first materi al
Wi th &) SEEERINGEE STTBAREE 9 Rt o iahand Wéumeﬂ%g@tf%ﬁ YRl AR de
nmelting the first material in the presence of an el evated magnetic field.
The m xing step can occur while the first material is directed into the
transfer vessel, while the first material is situated in the transfer
vessel or in a further vessel in the ftinge field of the MR system. The
first mterial can react wwth a second material within the transfer vessel.
The disclosure also provides a system for manufacturing a hyperpol arized
material. The systemincludes nmeans for delivering a first material to be
pol arized to a polarizing region, neans for increasing the polarization of

o, . N - e



WO 2011/ 026103PCT/ US2010/ 047310 decreased magnetic field to a second

| ocation to facilitate the transfer of polarization fromthe at |east one
nucl ei towvotzhewo2enedl ei in the first material. The meansPCoruSdimw@esing can
be adapted and configured to transfer the first material fromthe

pol ari zi ng environnent through the region of decreased nmagnetic field to
the second | ocation over a tine period greater than T2 but | ess than T1.

The neans for directing is ref r abl dapted and_configured to transfer
t he fiﬂilfg?aSﬁfifnélﬁP%t}C ff‘fil%g‘ﬂ%eﬁ"é ﬁﬁs ?%aa]éﬁwwﬁ &hetpﬁ 18 SOREOHBGI S of
decr easgfe SBORRH 6 pt)la?ilzg at Bad Bﬁe REGOBGh hRFEALbMined A thXAFRhReridl o | €SS than

1.0 seconds, less than 0.1 seconds, Tess than 0.01 seconds or in about
0. 001 thermodgEamic £qaidbiinmd The first material mayrbezcroticl daquie and/othgagat SAPf ur t her

rmgnotTeepby B apo R e ERs WEEIeTS ot B3R B T EBRREhs anepor

cr yostpalarizig dadirBfiment TBEN efyso ke ile tHeh@rsimaiRAhl id pPihe 86lid@stargMatd, ¢hd i el d to
the first material at a |ow tenperature. Preferably, the first material is

ina sﬁelaﬁ@atsctratﬂl@ewrnréﬁerq@dﬁ affigignt te pokaide theent {qaptsanerfydeagennuelsi igithect ed to
the sece ation by accelerating it with fluid pressure. In one

enbodi e e first material is directed to the second | ocation by
directing i t t hinagdordanceonditiahothet preferednppees sktmgtsd atn furthpedluda excess
of 10 m's, in excess of 100 m's, in excess of 1000 nm's, or_ as deS|red The
conpr désgiing hs figsh mateieal fige Wémphﬁflngﬁavmn?%}vrew@ afgglongf dggigase f ur t her
eXAMPluontREASAGPY edoAA RN ERACHRAL WL AIELE 101G X855 Slonf B am%bét'oag the
first erla [ n one enbodi nen e region o ecreased magnhetic field
i ncl udeslenmgmiadrinnclshingthel fing ntater]ab witer thehpolmtlza&mgtshapo1Pr¢fb1eab}yagmeﬁrstcma’tteﬂdtld in

t he reglonfof ecrqﬁ§e magnetic fiel n|t e | ess than. .tk dEarth S
backgrolyeTed igem f i crydgarent ‘EPé‘g @éetré OEéP f"HF%Sﬁ MR feans
(such tﬁesseaan@ioegﬁcm SRk a kigRi el %ﬁea&@ fﬂ&a%m)z Bl les\VHallTTNY FBP@xafzﬂ;ﬂ§ tpdRdser i al
while in the polarizing environment. The warm ng means preferably increases
the t emj@wépan be tinsfdreccrfrom thenptlevzieg erfvm@mrbeﬂ tovhe $esondlpgaticat inrlessghanahi ch

t enperdl by kB e El B P Bl b Ch bR ST Tt e feshigfer

experiences a NiAhfasIIANES WK sltrh@htr aSpHest eietst@ndYodiibh ichgineludswbl i mati ng
the first material. In accordance with still a further aspect, the flrst

At er [CAOLERIA CHELIQIHNGN &vithgy MagrTetis flmdg HFos grample. B s2cope eraFoR Fqrpincluge a

polarl i zed
ot t1 PR R TR ink dtEy Shelp $P SleblvglTBl Bt HUCH BPHAT)

dy namngatérist lheatowehperaat i Gn:fel(ab]ly) thie i@ stoabid s vweyohid yaeds afefrftect , (i)

par ahydr ogen i nduced polarlzatl (iii1)exposi qrthe hy droqen nuclel to

hy per FOI3&F RGBS PR ENC f“&%“rré"\]/isdh%@ﬁ?dﬁ?/ﬁ@rsﬁﬁq% PPN fyiecq ?resm%s&%@i ng the
first il pldhe UonPnll herbnraoafieba WL 150Bh BI ROR L ek WO
2011/ 0261 3PCT/U82010/047310 i scl osur er pr |des a
benef icondiit wgk atcompodssadi gag. Honextaerpla ltheh@nst mgteatl dapdstdiened mm&i thgr oup,

wher e rbon nuclei within. the nethyl is h |zed and
Wher eiAn e B PmEriece it & e e imprER Shid Dl yapaet PO B HE Sor  d
st at e gHpRds6tRl @k prefB@bRihALdG HeliM@S At may NR1SMRAREI ci al agent can be made

according to any of thé teachings herein:. The di scl osure
further provi dednacomeddnod with yeehufrenispecthvie Smend ]mefmm;ﬂn 11T¢19dématﬂ¢btllg

i ncl udes RLTO a_ hyper o arlze nat er.i accor danc

ot heereb BRI, 8P o WRFRE Pl b F B PO} oBRR FRERGe Sl e "o
el ect reBENRlcitadRBeE Picldieo IdiRertROi AN gOf of (hé MagSdtictiRIEMahE Regidieof
hyper pol ari zed encapsul ated material, and receiving NVR spectra fromthe

r egi onlegirasefmpaeastc figigdo nggﬁ@& legs than thg Fapthisi hackergpng ﬁeldi Vislesigerpithe can be

anal y ded
el udred S AERRGARER Wity e ik Vi AR 1 R ol T Do BB 2
bioIogoea@ﬂgomc@BSWmmnagemp@aﬁaﬁmehheaﬁyﬂmﬂahb@aﬁmamhhagﬁah@n@umﬁonl

i ntroduci ng the hyperpol arized materjal into a region of |nterest and
recei VEIY RREEBRAAUET A VRIT G s O Of SiaifES A0 X PRSERED S BB e f0 2
hyper pol ari zed nmateri al . The acconpanyi ng draw ngs, which are
incorporated in and constitute part of this specification, are included to
illustrate and provide a further understanding of the disclosed nmethods and
systens. Together with the descriptioh? the draw ngs serve to explain
principles of the disclosure. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 depicts nuclear polarization decay tines ("Ti") vs tenperature in
differing magnetic fields for several different protonated and deuterated
sanpl es of frozen 1-13C enriched acetic acid.



Fig. 2 depicts a schematic view of an exenplary method and systemin
accordance with the disclosed enbodi nents. DETAI LED DESCRI PTI ON OF

PREFERREDVaNBODRR26AEBITS Ref erence wi ||l now becwaseotionsmea ai |l to
the present preferred enbodi nents of the disclosed enbodi nents, exanpl es of
which are illustrated in the acconpanying draw ngs. The method and
correspondi ng steps of the disclosed enbodinents will be described in

conjunction with the detail ed descriptio e system. WO .

2011/ OHSIEIBT ehiA9HE Frdapperatie at Fhich Mol H&f@’vseﬁftseﬁl PeRFicgs 2

di scl QﬁH{rﬁuthT.Fﬁg)O\yi'ﬂQﬁlt SAtRPRLAN Y meR I O SuMNRLERYhOHE RlatdrfAl vVar i ous nol ecul es
may be hyperpolarized without the need for the addition (or use) of toxic
cat al ysts such dsaecoTgynEPyithra fottherendmidangrt he disclanyre podvaddsz methadjémt s
(whether or not toxic). ln . accordance wth a preferred enbodinent.. nucl ei
' roieyPle e s Ehiera PEESAARERCRi o ReRi TP R ERRTE oty

13C- beatHertgrief @ Gibhasrfaée AtOpOYiGainclendifs BRtpotdHzhti @b ot 8daat &R MRk Pyr uvat es
in solution. ' ~I'n accordance with a particularly preferred
enmbodicaptained s thedirstaedent] evithie p yaisalgnfyfeda pinsgnviedmanicdtyee ingeat fgask/i ded.
Sodi u tat i . Vi r ol - rd er .
ot abolt & §p s En gl A Bl SHEHIY el () ABRubEBR S BB S
f ound anfingegad fiagadiic ficdd.eThe first trfaeerial B@dpodet td therpoiutizing dnakemmen fans
activated to acetyl-CoA Acetyl-CoA is oxidized in mtaochgondria by the TCA
cycl e iy Fisligicride Bolirias ehdpank opcompjel cpptaingd iphgdstanyderial de fhermedymagiis dat i on,
NADH i atied, i i [ i ryd -atd . i on of
oy gers T e B P LA RPN
acet yltigod ledst onsgiuctdiéo JiBAr neddi én thEHirst, mareidsd wielestitecdg fhEArayadteridl frpm

reports the.netabolismrequired for art function.,_. I n

Lo e, S Bial e Srpoh chasreased RBERSH e uachrs Lsbiam
acetate sol uti on WaGeHcod i MIBRRRALRCZ B Y RIactRYa BB RRALYE @Gh bd hi s maY
be acconplished, for exanple, by reacting acetic acid with sodium

bi car lsopesed te dpfosduices wéidsiontapelasizeat lozst ene aundei cantimed di xintwenids
wherein, nucl ei. kn_at | eas ne of .the precursor.s are hyperpol ari zed.s . The
Feact IRLHREE palls Fan s Hide Sriztaiseh (T EMLER P i PR BOTPHETE Hleen
opt i on@kdnyoveandimme dSwistduehtiofegpssurs @ THe therfirothgerigRanbe dlasmed withsmnabl e
for in vivo applications as a tracer and/or as a source of netabolic
i nf or rabstawallpMedingQisyBliadne ke firgmpaterial pyasuliing imAecleign theemateridd may

addi tianah Y 19perPbRALLR NS e BiertBB inSERLERR @AHTLANS] L 0% (LAl Zzed

Mat er i Ioactive tracers, aracteristic

nucl edronpbélawi tiatenperadee ay whichebe T] of thofirsoaiaetiabépetrivadesdinnigivhyp €T peltar i zed
nuclei are a function of their anbient_ environnent, Tenperature, nagnetic
fi el d aREPdHeMBryaIEatoveths emprrate alhishithy Tiqfitfufigt maGripkexpgaeIcet €. ) al |

| ‘ n . o Lor ot Lon | |
play f?m;qﬁhlﬁn!(f‘mm &k @idtk HinARY, ﬁglr?%glto?‘é Bllﬂﬁéldglg%é‘ﬂfsk ﬁ‘%[erﬁp. Phd AR M

| ast before it decays away to t equ ium Under appropriate
condi tcawhs nikirtaioehinemagatic tfielddurogi the waonigg stepnJée fule caaterial mesrefepahy up t he
possi bl i t%{ of transporti n?. HP material s ii .e.,.mterials i ncI,J;lzdi gg
hyper SUFSES 0 e EPRFIFINGFAVIrPUPHY e SRR LAk iRt P SRS A s 04 hen be
suppl iteh BS The second location preferably includes a cryogenic environment with a magnetic field.

For example, the second location can include a transport cryostat including a magnet, wherein

the magnet applies a magnetic field to the first material at a low temperature.

In accordance with a further aspect of the method, the first material can be
polarized using a technique selected from the group consisting of (i) dynamic nuclear

polarization, (ii) the Nuclear Overhauser effect, (ii) parahydrogen induced polarization,

(ii1)exposing the nuclei of the first material to hyperpolarized nuclei of a previously
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WO 2011/ 026103PCT/ US2010/ 047310 consunabl e, renoving the need for the user
to site a polarizer on its prem ses and reducing the cost burden.

I n addi tiwo 20o/2erwper ature and field, the physical statecanusdailoe+4shem cal
conposition of the material influences its nuclear polarization decay tine.
Appl i cant has neasured the T 1 of acetic acid and sodi um acetate over a

w de range of tenperatures and fields. Applicant has discovered that the T
1 of hyperpol.arjzed nuclei, in sodium acetate i uite short over a w de
range héger&’ l3peshsasr @V pgsing HFJFFF%HPGCP?} 34 ”KY?OY paviyaameghanthor ¢ f or

hyper pehdidazssk §e8dbpm acetate to be transported over any reasonable

di stance in any kind of reasonable magnetic field w thout severe |oss of
pol ari zati on. Hdbewasclosuteduithdr pydvideset incthad ol fqroneng £hpespblazed sbltiver y | ong

at T < 15 K and in a_.npder.ate tic fi.el. ically.B.- ,0.1 T). This
o scovarprinaf B puPeftufBE i n R Hiet A il ol SYPATR sel o ol Uk g
hyper pgikaigi tEErsd H%}L&ﬁ&la@zéﬁrmz_it&ﬁzg%iﬂi SiROEEMardAid] @UBRh YisBBitibh., RBe Brst
consunmabl e item Because it is sodium acetate, not acetic acid, which is

requi meHeriad ca Beregsted withrthe pagond guniial toHfermg dlea sodutipmi dhedirgtgnateiizlednt o

sodi u tate.j L1 T SCI bove
does  MpdElitid 4 pOSCRnE iRl includes o puse, or i PfSa. PACRT EEPREAREEE
hyper pohairé aestetimbeat] lattic L& pyaasoicid afid fdiing dcéd.t hadnetehtbodMdaPAhpaasd@nt i n
the frozen HP material shortens the T.1 in the solid state. The TA/ EPA
cannotcahBe setppicady RhHSES atRMetar MPre AbithAPEIG Hfes Pysrbstitwion;of 9ng osmetce .

Howev | i 1B 15 eld pguild 8 29 ty.pd y on
t he o?%’é?ﬁ e?)? el%-((:)tg.c-1 ﬂtérélltggg%dr?grs& h%t;@t(ﬁi s@’r elg’s (I)_il”], HI og’g %g%(?n ggg[rn aaég&g%g’] or

t r anspath a pirthemispedtaths séoopd mpodrea icarethclisle ngdiDNPsuch asdi thedasn bf endivks a

resul ,dDNP polgielriz rs.are t‘ﬁé%l cally sited very close to the NMR MRl system
that i ’i?g‘éjd’afl oL SAPYPPICHROTAS- hpt er | al s they produce. Pl aci ng
the polarizer ngRhcdR@NNVRINRLBS LSRR ellohaBBAIGn bk sBluRBARES T and
reasons. First, the high cost of these nmachines inposes a very high cost
bur derthomethihé cantirthseincludotiixing thetirss meferishpith alseesndinpiendl te gmsa seaand

means ‘ool Cia< Siibelitsl Thidie RO REETRLAR b b P A This 1 n

turn Iphdieri8 id Heoldi RGTOS hddCthe Retouerither ihdladesaairid2ethe bit@ini@diall $iithc s2BortdP
materi al polarized using DNP techniques. Transport of the final product in
its | inepierenl tofamnfa sohtiane TDRE] penthereprhodiraent Hbe prethagknan Aiher inshederraking me
that i fREM.ARN HRLERIG LRLiR0S & a&éu‘gg Qfont of?@?ﬂlﬁf&l TRt a%.ofjhjsﬁc
process. 't 1's ‘accordi ngly an ther o ject o thi's "gi'scl osure to
descr inheerint ihogsidan § TPy sideths nfetiiodsdan fimiger dmudvider mixiebp dif-dtinngertdP withter i al s.
In accordance with a preferred enbodi nent, nethods and systens are provided
for stETMAGHR & farPheiioit i Mgraeesnapdmeptherfiyt maedlegn g apg)id at
2011/ Q3GL QLT BRI QAR OnAEEEMEIAL the e SRRIVGH 2 LRBRL bRk Lo
manuf acture a materia q?e. g.r,1 sol ut’?o%?leo?“g?o ogivcg:lg{algnt er est 1All nt((:)l ag?ng
hyper poleanilsed Inuel eratheFleebodmsantthelfisst hosuraécperan tdidtat SiPpard the nethoolv er
significant distances. such.that th mat erij al s . be supplied as a
cons U] BTG ORI N RGBT VAN A PO BUSE g AR ETBRSHO A o ¢ he
end ugghnotEXtdnddiR¢htOhe HR B Qh iRl 8dd S sAlatnY @! Akt material inan ~ MaNy
mol ecul es of biological interest contain a nmethyl group. Such nolecul es
i ncl udecapsdiating medivat. elhesadipmaoipg mediven canek parhey.s. The presence of the
met hyl group has_a profound.effect in the hand|in f HP. materials, can
e soen’ n Fi g 1 feqgnde Mpfnoiet s Sty hsriboul Shufe 6l
mel ti mgat@il id a hepdlesidd ondiebn iheetinkgsinerysstaoimmwhatprtial thetapensenil. The
mnimumin Tl is a consequence of the rotation of the three 1H nucl ei
at t acheEhettEnsprst FRPHI to @ity sHNotT hwseWhsig dowesnhmaiodirizednlfidsticed: rerfgstat e
even o ' ) L4t e
i of ati il ehT EPERABUARR SR AL B G Bhidld ah RS B e ottipd,

can then include increasing the temperature of the first material from a first temperature below

Thin to a second temperature above Tp,i,. The first material can then be disposed in a mixing
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Because of the mninmum | ow tenperature hyperpolarization nethods to date
have relied on very rapid warm ng schenes to preserve the pol arization of
vari ous msDenilal2eloduri ng extraction fromthe pol ari zi ngPemuSz@OETH0
Typically, this involves exposing the material to superheated water or
met hanol in the presence of a magnetic field to get the sanple to
tenperatures well above the mninmumin a tine << TI Thi s

approach. req s that_the t of erjal be. t small, so that it may
be wa © Wé% ﬁiﬁ fripge figld gf %@"ﬁ@ St’ﬁ%‘%lnalﬁ?& f%lnéfii? F %@P gt (Fefy close to
the NVRENRLIgYwiieMsEdoal maPert @&hiiPfhe ANRInY eFice ThieSerhiSly SRE WBIFRLOS the

di sadvant ageous for many user sites where space is at a premum In
addi t itensfenirssel DNRries! aff pidortto phl;fpremp@ IaaMli eystem epératien. TheatoMP siey taebenust

oy st onriba S el B P eh 8T i U6 RReblind & B h Tl SR i

met hylacer@aties withi ¢l dnBiRSs EmBodThidh (Y EHY fiift ﬂiélteﬁhl it gﬁman@buﬁm@ deeleyen t he
pol ari zi ng tenperature and the neltlng t enperature. Applicant has

di scovered t hat 1@@¢Q®é¢ﬂ§‘é¢ stithragstheierAbedimats a piedipdtip eraviidadras et foith akeve |

much | f

s agih AL APt iheilecdRle St SR RLRAHE Bofl o BRECHGRLLA,, 2
enableﬁkbhﬁmﬁﬂﬁﬁkhbhd&Mqﬁﬁﬁ@kab®W®T$b®hm®&aﬁhﬂﬁhm&&ﬂdéth&ﬁhﬁﬁﬂﬁmmﬁpon
cryostat containing polarized naterlaI% wel | outside the vicinity of the MR
magnetcryostabpebgine Gltf?qt‘?dzlinFRga trapséeriesebyvi dgsiredgthe gt mHealch thﬁmbsrdilrf@tad

mat o1 lifb e AETRENAINL SRR RNGAML (AT ICLdoBel B Dol DIJMEInl i WRldr@bove
it inatime much |ess an WO 2011/026103 CT/USZOlO 047310 the relaxatlon
time Hataialanyn govattd wagneng fichl sdmt acesperatnd lovwt thaethd meltiog peinbbf tet i ng

t he terlal ce the erlal is lted its Tl becones quite sho and it
st | G RE g G the rartter v EssE et S RS %01 CeduEPEAUEREL hep

conf i gi&d Rgedid) %aﬁTB& RlalRhindPindge t}xﬂ@s@émt Q1 hzieghe iMpRt #ith il Bﬁ&ryhé‘é Fﬁ m gh
surface area to volume ratio, such as a powder or sinter, the thermnal

r el axac¢adance mathof further amaecsr thaimegtnd dae fmslee inadude mixang the Tlmsitsnaactriabwsth &s

e RS R R BRI fPRL e o

exanplpesserdcesofh eldvate@antighetk fidld. BB ehikidk Rieplcan agalrtwhalRIROfitst tteiiakismor e
noderate tenperatures suitable for short termtransport (as an exanple T -
200 Kyiigeted gt theeranstey vessel while fedes) matsrighis pigiatad indeg @WSﬁﬁa{?SSﬁW iB@cur as
the r h

at er oo (s SR hing e ORHERIE o e Tk HFRTRAL MR T Wi B el <. e
t enpemadteriad wathid the thyigfer pskdri zed material nmay be increased in the presence

of a magnetic field at a rate wherein | ess than _about 90, 80, 70, 60, 50,

40, 30, 20 10 &}he@Sﬁ&tSe@rﬂlSOd%r%@F%ﬁ P i many ACtEmEaYRGROMANZEd the fir st
mat er 'n"ﬂ’ Eystem includes means f&?d ”g%%arﬁ%atgﬁﬁgéﬁé Eglaﬂ%cﬁ{o'azed
materials In t I's manner Is that t be transported over short
distamok&mﬁ@nbgexanphmibﬂmommﬂmgmpqpkmmﬁumh@kmkQstwUmcbbaammnhhmﬁhusing

eadll avai l. abl e cryogenic materials ui.d .nitragen or, dry ice)
nd | T diHyie bR resradnd Kistisor biRNAHPR Y SRR, L e

el ti nglaizBlordf thog 188k 8hd AlcldiSo bRLHRRIeias td st apRRARINAQE fherigat i al
between its starting point and nelting tenperature i s decreased.

Conf i guatétind caminghidalagnathytror gravel ardisthapolraumomeﬁpeleattwme ht/dutogemmgﬂelsmr face
area vvdetrhs is relati veb St raldg %h Ce% QP ?ﬁlp
technl%gu SYL RO AN BRI RG Y &Y SReTiedtr p8rerdid Ptoﬂ%lzﬁé ‘%|a8 size of

t he sghdréhst@pelatidtioh@f igss 1éReshethydrsge@Mutlei ei@ertRMsfcibefo biher MRl iin e tO
be powderized is a liquid at roomtenperature a different approach nust be
used. fBgfimatesial by e tr@smln&wﬁnﬁ Therfirgtgmgteripldy éwftrﬁ'duusa'@st%tglaﬁmutgéép f of
mlli ped nmet hods to produce

hi gh ufgglgég%gg Q%%QSSaﬁﬁaﬂﬁﬂgkh§?®§FP)(ﬂﬂﬁzﬁé$|a|8 that are liquid under
nor mal standardIhaanﬁmﬁmumahaﬁdnbmesﬁmmeﬁﬂﬁmgmmhampn&mhhﬁﬁumnﬁbnn@umalIy or
as the result of a chem cal_reaction, ke sujtabl e nmetabolic subs rates
for SPERY HHFGERS thegpiRppEal s TEIREEIONEBPUEH B ek in
Appllcant s U S Patent Application Serial No. 12/193,536, filed August 18,
2008. The aforenenti oned patent application also discloses various other

m xtures that may be achieved in accordance with the present disclosure
(e.g., colloids, suspensions, and thelfike).



WO 2011/ 026103PCT/ US2010/ 047310 Quantum Rel axation Switch "QRS" Process
Heretof ore the use of a "brute force" environnent to produce high | evels of
nucl ear pwbanilzesiodn in naterials ot her than gases has Ipegruspriobhsnat i c
because the relaxation tine of nbst nuclei under such conditions is very

| ong. Applicant has discovered that, by configuring the material to be

pol ari zed as a high surface powder and exposing the surfaces of the powder
to 3He, the magnetic¢ relaxation ti.ne can_be nmade much_ shorter and amenabl e
to i nd§eepiedmasagis delgdo BP%@B@E‘?C&H‘?H %%Flihé%f eﬁ&@%m@?ﬂﬁﬂga&m@a 3% hat

r emdval,sPhnd iR1e3 BothE Ol e S r@GRaSHall e MRLAY fRbirb@MhREn 3¢ Ga5HEd shed by
exposing the material to 4He. This greatly increases the Tl of the nateri al

t hus a&bhfogvradtd transter e fivar metdrialoren dim paapanaeuiwnmienhibrugh e glonsd of

pol ari zation. Once i terial has. been returned to rogm ature,

et el e g R SReGhMUOTTR Ve | b RS bl CRE L IREREUS, o
i s toTgayht Adfand foR diB&imRak pRe¢ably Zahptedanf con@iFBredus bighsfemthé Figse Ak@fal al i s
wel | above what it would otherwise be in thermal equilibrium The material

i ncl udiong therpelaripinscanyypampidhrougly dleapgionnt Aericdsed maseticdieldto/hip seqopd of

NVR/ Ml%caaroﬁ),tfgf: %?n 1%,@1? Ees]&‘&taﬁtﬂ(%’ Sec&h"cﬁ E@stt%'éh 6'1 %@&dsﬁe?ﬂﬂaﬁ) 60'1 tsgc%l Es QleinUSEd
as an In vivo farerial or it can be reacted as a precur sor W Lh anot her
mat er iabbuttOFlovetomist ifidedrednt eri al which is itself useful as an NVR/ MRl

mat eri al . U. S. Patent No. 6,651,459 (which is incorporated by
ref erence her ei AP peFordance Mithryst § Jurthes apesfe heaceudHasagiga can inshigdci ng

hyper s J; el r.e :

Chner EASRE) S aRRa e el FERL T S PRkt DGRt

1) Confangperi argostdténdadings neghetyvherertf the enzanetaappbusemagietisifiel dto. thésirsan
illustratiye non-limting ex e, this can.he done hy freezing the

mat or OB DIV EReiEC S rably: GeTbgaragial iU i SGeeucryaiay o
hi gh g iRCE seh8RriasiP@Wected to the second locAliof PPhdRR A i0%#h FRid Redue. fiar ce”
(very low tenperature, very high nmagnetic field) conditions ere the

equi | iobe eobpdinnsing dle fiest mateziat is dlire¢ted taethy sédogh location by directing3y thExygbsi ng t he

frozen s, to. overlayers of 3He. .ln addition to. providi a path for

t her maPTol S A BRP R HeR gLt st SER st Rambr pTerEner AR PSS ¢ el ax
t hose 1006 h#4, or Bs id@ell OPA® 86mpiRYRH $adEart iREIuliE BRI, AT nidy ihiladdrBle. EByivaly br i um
which, in "brute force" conditions, is highly polarized. In this sense the

uni g ug@lf prdjse exarerledhe syqend recabompranyied uasa metiizaseatel & regleng thedirast en t he

boi1; OGP B PR oS b s T B R e momntisyers o

4He. Thieldiey®eriswef thé kel of he magnetic field in the region of decreased magnetic field to
a magnitude less than the Earth’s background field. In another aspect, the system can further
include means (such as an electrical resistance heater) for warming the first material while in the
polarizing environment. The warming means preferably increases the temperature of the first
material from below the temperature at which the T of the first material experiences a minimum
(Tmin) to a second temperature above the temperature at which the T, of the first material
experiences a minimum (Tpip) without substantially melting or sublimating the first material. In
accordance with still a further aspect, the first material can be in the form of a high surface area
powder prior to polarization. Moreover the nuclei of the first material can be polarized initially
using a technique selected from the group consisting of (i) dynamic nuclear polarization, (ii) the
Nuclear Overhauser effect, (ii) parahydrogen induced polarization, (iii)exposing the hydrogen
nuclei to hyperpolarized nuclei of a previously hyperpolarized gas, (iv) exposing the first

material to a brute force environment and combinations thereof.
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efficiently renove the 3He fromthe surfaces of the frozen gas. This
effectively isolates the nuclei and allows themto be warned back to room
t enper at Wwe i tte8 undue | oss of pol arizati on. PCT/USTé®/08130W €
process is known as a "Quantum Rel axation Switch" (QRS) since it describes
a techni que whereby effici ent reI axati on of nuclei in a brute force

envi ronnent can be switched "on" and "off" so as to produce hi ghly

pol ari zed nucl ei_t hat can warned to rogmte reto uce HP
precursor mat er i FELIGIOSHfs tﬁﬁ?"érﬂr%‘fl esfao'?enﬁg%i‘i‘ggg a]}ug Vi"€4ti ons.
It i s 1idIPpoid Althy lij@o{i';?tv@hefréiﬁlkhet&?oo‘hrrﬁféfé VidlRede %%th;ﬂ%%ﬂp 1§h§}5@pﬁgﬁiéd' 4n of
any catal ysts and that the brute force environment” ¢an be nade highly

st er i Ivédherein the beneficial agpni it edaptednans! Wnfgove tebe tnrva&ohﬁh@tmssm otess may be

extended to o te eof teria r at her

at o PR e AR P SRE b T p RS S EEbRET: wliy M e FRBE et e
material to be MnpelipR)sak @RReriRoGAR 4 ﬁ@dh@d of pe@ormlg%mm Ep&qowow The
Applicant has further discovered that a wide range of |iquids may be frozen
and pcm!h@d inelydesintraducingehypespaliiined naaterinl trpdg on aererdaaes withgny ef {hehi gh. I n
parti p I. ke
Col ut 1oy hEHLAR SRERATIRGR GaflEh s Tt B AR RBRL D P

NVR/ Mrkgipii Of d€néss taaeeitp tief lgrpreqﬂlanzed encapsulated iliﬁeeriaaa, rain® uscetli SC NIVER i Blmtra
descri bed above constitute nethods and systens that fully enable the

conf i gtarathcdrgion ol wiareis ThateY R apectgetpn glﬁVléliSPrqfé‘& §1V§rSé@P¥6rC@2 OF 2PYNeRsk s,

pol ari r

xt r sl PRa e 8*?%&“?2%%%2tﬁﬁlgﬁ*éf’%?%%?e%@%%ﬁ?‘5&%?%%@2@%@%‘?%nment o
t hat trm;cymeﬂ)emmm fwypeimgmmeaahohecﬂ nHPiplogivd] proegss proadconpntdhwithypeppibear i zed
materialﬁto an. end user be recogni zed that the recitation of

hy pef5M4e? beginitedrgpe a}?e‘}YQFIEPO a§1ZF$1fnélFF&1é‘ iy FegfQly of1BterRst AP 5CCVRE udi ng
hyper paliR! daZest MRGhRkes 1|nﬁlcQ§§é $t8fetall IR WRRE Bﬁie@ﬁdlﬁ%dﬁﬁét&ﬁdlm s may be
reacted with other materials to forma third HP material that is of use for
MRl / NMR appl i caﬂih@raSCC(r@pagymgldna\vmga WHEh appmqoa:mrat@dst) and cwna@t@t@rmtrﬂféhw th a

preferred.enmbod ar e nt i nt er est
Por " brBraBrauan s G- BHE P4 R REr b, Ry ee&oRd ot y
on expRith@RGAd3Pderdar Té@ktey warh the amhptlomheuﬂgs serve to explain priR€éipleg ot ed
acetic acid is frozen into high surface area pellets by introducing them

i nto lthedisglore.i nely di vi ded form of droplets. The surface area of the
pellets is nmeasured by WD 2011/026103PCT/ US2010/ 047310 BET to be - 5 nR/g.
The pellets are placed in the sanple charrber of a dilution refrigerator and
cooled to T < 100 nK i BRIBE DESAIRTEONTO ORANMNGS ¢ field. 3He is added
to the sanple chanber to hasten magneti c reI axation. Once the sanple is

pol ari zed (a pr dt2dsdapifitehuciens Pplariayiantdseatinss (g NvRtemagatufesingiidedng o t he
sanpl e, I anpl e
o v ook Ry R B o b Be el B3 By SR 2R Feelifed

r enovedetidaid.t he chanber of the polarizing cryostat while being kept in a
tenmperature T < 10 K and in_a magnetic field > 0.1 Tesla. The pellets are

transferred to &8 0is6t1 SHEPREE diewplanexemplarymethod agd s e it ur e

condi tabﬁﬂ&arﬁ@%n%?ﬁ%l:l%@éheﬁ%&cﬁﬁleﬁtganSport the tenperature of the pellets
is quickly raised fromT Kto T - 77 K, for exanple, by imersing them
in liquid nitrogen. The pellets can then be renoved fromthe transport

cryostat and, br Gy P QutS b 0AY pRe HIRARE USRS, 2 5™

pol ari zation. Thergehdeathsl ﬂWbé?ﬁa&éii%' ddkan tBT%ilé s pFHQRRI dMbddadct BE e

heat ed sodi um hydroxi de solution in the presence OF a magnetic field to

creat ehsy:lcrsycbemb@dlmentzse@ampkqsmf@vhlﬁu@h ilsstrinted til thefageempsfysngdrpeings! dhé zed
ate sol uti,0

ﬁ;g'er%eﬁligcf z%nélacog:lrﬁ(sﬁo&d ng s{eps of the dlsc?ose hBS& trnaetn?s wﬁ)lI clescnbeacfrll ggrlljul%tlon

with the detailed description of the system.
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If desired, the stray field of the MR systemcan be used to maintain a
magnetic field over the hyperpol arized precursor when the precursor is used
to make awbyparqeioari zed m xture. For exanple, the hyperpoltuseeinma73ps ecur sor
(such as an acid or a base including hyperpol arized nuclei) nmay be
transferred fromthe polarizing cryostat if nearby (or transport cryostat)
into a transfer vessel as depicted in Fig. 2. The tenperature of the

hyper pol ari zed precursor y.then be elevated froma first tenperature
bel ow t he { erpe b GHE OB Eh SRR TE (BPIHE e arwa}eémdéw_tf@s'?&mu&]ﬁb@s a
m ni MyRibe AoREALHAa} BERGFAbMAA-RARPN R UL R deBMRET AL MBSH (oMliShrtdig: T1 of

the first material experiences a mninmum Preferably, the tenperature of
t he hyplehypts sach 2edTHrERAIr gorthirsael ystarrady Pronragfaigess (Weathaanat texic). In

subst%ntoi gl |c§ bel ow fﬁ?% teergggraet re t.whi%h %he 1 of 1t hev{i%lsé nmat eri al
exper PEFTSYCE WHIHE PRSHES TERG PSith S 9P G EeL T SYBAPP AN AR08 Phe
t enpernbeeadtedMdl folim t e bdakingfmd1B&uldd SfHiol BBt Alih@lesERB ak 8AELSEs @dM NI MumM

(e.g., from bel ow about 10K to about 200K). This rmay be achi eved, for
exanplparuvgiesiimpadpiéothg t he precursor in a |liquid cryogen, such as |iquid

argon, nitrogen, y.pt.Qr il i nt . ve the
fenperature ot WhichTonee HEnA oy Bt BrRBlirk® B s Bl nEROKE,

pr ecumspérpsharizabnitbahed Heyprpadsad. Spdiurgasetw@rcar dlaly @ paboularBOGH] mlefs 4 t's
surfaces. WD 2011/026103PCT/ US2010/ 047310 ] ) As illustrated in

Fi g. 2Posigt ep the metaboter Riaerss ntBhepgh sgrivelieideisdyRigahoiahisubsyateaioreéth i n a
Ccryos : [ he : i i 4 tegwe [ ween
abouttS 1f}c§ﬁgle?%)lgwur{r%orotg’g#ﬁ%@yb@f% %e%rtﬂg%tgg%@%%% and é ot te%g?r%{ The
t enperoaidized iofmitdebomdxiadryi tht TICS\ ¢yedntoifnon eadben dioxesu [0, hglni the process of

hyper pol arization .(i. . state in whjch the polarization is above that at
b enetShETR e GRbhaT AP 2Rt Sefiorhiah SRt Ty BN ER C RS el i 5 ¢ hen
ext r agt &g er SHRER W orRodd fsiARaPeblpl&d A5 @nsémpfidt aliBb b2 ofacbGPEr At Ur e
and magnetic field environment Such that decay of the nuclear polarization
of t hé& afathepuglth¢ $CH awle. THius, hegpurepeinaei Fed ayaledhixakpertsythe hetabpbsm
transporteﬁ Vi.a tt}e transport cryostat 2 to storage or a termnal |ocation,
such Ag14© égrpl?etagl UnCHoR- hyper pol ari zed material is then extracted fromthe
transport cryostabccdrddhc®with dnbleéhplady sPSddaihe! a hieBdffeF mHIIRE 8bdidmt hat

mai ntai ns the hyperpol ari zed material at a higher tenperature and | ower
magnetaretaejselugon indudinghypsipadiiied nuelehingy he srsdneed. Betipmay beagqomplishedaf t er
the tr, 0 - - ri: - ' ol

t emperr o RIS by aF L B R AR AR G Bicaflonk® & BRIRLPLod BB

t enperaad vioatiosdeqdas t wigerdih nfuolei inhae 1638t @tel cdlthd Srea@irs@s Atertiypuipolarized. The

For exanple, the tenperature increase is preferably perforned in.a tine
per | odea@e% thuy aatusgly prgduceg a myxtugggich gs asgluggn $hat.svhea aptigeallygpgbined

Pr ef er, i i fi fer: 31 I s of
et R b A S L
syst emsoilive ohypebpbt arfommediona(thérakids suthhmriaadjcepyredicfand fornfie atid amgf er
vessel 5 into a mxing . device 4 where it is converted into a m xture, such
as a 48 1&9?@%’,0%“8’?“&12%1@’6 8% abl e for in vivo injection. The

hyperpol ari zed spbibd Y TandtRl SR MBegdI@rile line 5 into a patient 6.
An NMR/ MRl system 7 is then used to carry out a variety of NVR MR

protocol s. Unlike radiGdvtive trages$.ehe dwsaedrisgc nndeardearaatongeay oeres (80)f or

i ving the h lari zed . ter] and, i ncl ud t 9
Cuch 26 Moot PR S Br PR Bl R A # B0 e RAm, Gt Hbg ot 1 ¢
fiel dRyferdude, MBsREL el Cid thIphRRal SRR &e BAEERSSquill RARr 80l &) 4Dyl Xi ng

device 4 and transfer vessel 3 are disposed within the stray magnetic field
10 of atrple iVReteysingta ow Jongwhd indeedmyckedr pdlatizatine vde pist befdrefif d¢adys dwaxstoar e
merely, intend to be illustrative. .Advant ageousl this.permts the

ny per psTRT S, PaieraPise s Pad PR &) EEDeR wteyiE T iRe RSy st em
thus sRYdy@néd sRnEBIthey podsiblith BE crh@PeltindMP StdHalsQie ! MatdialssHAL&RE during
whi ch thgnggLQ%?za?Lonﬁ%f mﬁ?] de%%&.lﬁg furthe;gillustrated‘in %ig. 2, the
pol ar ihypergolerigesknupleiover ddrgeidistagcasndmas, HA magrialymgh yhandeguppleddstaner et o, a
vessel for containing the naterial to be hyperpolarized, and a heat source
for raising the tenperature of the material to facilitate
hyper pol ari zati on. Al so WD 2011/ 026103PCT/ US2010/ 047310 illustrated is the
fact that the polarizing cryostat 1 i$8in operable communication with a
source 14 of 3He and a source 15 of 4He. A second heat source 16, that is,
a source of material that can be used to heat the hyperpolarized materi al
froma tenperature below the tenperature at which the hyperpol arized
material experiences a mninmumTl to a higher tenperature is also

oy ~ o o - o, b1 o o, L T~




An alternative to an external relaxation or polarization agent such as

t hose descri bed above is to directly polarize a material containing nucl ei

t hat havewonorivmsiosal |y rapid rel axation rates in hi gh BCT/usendiogi3ams. Such

nucl ei are unusual because under these conditions, as noted above, Tl is

typically very long at very |ow tenperatures and can be on the order of

meeks to nmonths for tenperatures bel ow 100 nK.  However, by identifying one
nore classes of .ra dI el axi ng nyclei, it becones .possible to produce

hi gh SORSTaPle: Fesmving teingHC FF B TPz 88 Sh B <SRBH fodjeredhis of

time WidiRwient he need for an adulterating catal yst or external agent of any

ki nd. Rapi d proton nuclear relaxation rates in nolecul es

cont ai ni ng net hyh addjtion tafeoppsitweahd ﬁsldptht:@hsﬁimhsmﬁ’eardttbe beveicdeen observed

down to 10 .K I ellev dt suaII fast. rel tion rate in the
nyar ogampibPe P ing S S fer b s Ru AL o P s Bt &t Ton

st at eSnéa@ux"eﬁ'ﬁqe%f@hl&@&tpa@@Qnd’%‘&nﬁﬁﬁ&btﬂ@%@éﬁ/aeﬂldef}a@w téRp&&MIR%ang GBlda] ni ng
CH3 groups. The tunneling arises because the nethyl protons are relatively
free tApplioarsthes dismneretdhhatrthsgmnﬁhmcrmlmed lHupldemi sodiupoieetitd mlquite @hcrrt)t ation

arise due to inter intra nol cuI ctj.ons bewe n.the

o ot oS e NS AP e SRt T i E TR B B SHOE P PRBYEM bed
as a %oathm&ta%Ibeq%%dréa@vaagrﬂmeas%nga@uista%wfn aﬂyt%&oﬂleﬁg%ﬁme%a%%@@tl al
t hat depends on the details of the nol ecular environnent and the crystal

st r uctfigiewithoutlsevesoldssl OEpdalezatlokM}IzmerQﬁm&f@wtw@@m@k@wm@ can be very

the. protih T oi oK T RoEM St Mty HOa st Pord Tenbrgbgoriygeme | O

degengfatrd@sHPieaR I (ilhacdiRtRid mmaﬁlgtﬂi?eﬂibbfhﬁ%éd Hnﬂ:lél%é‘é?tlérgé (8landée
| ower, quantum tunneling bet ween t hese positions becones possi Thi s

split qngd Heppdeige Hews acpngunativatternh Bp@aursg itas sﬂdmgn@cqatgum agqt@taéld( Mf,hpihclal |y

| abel ed nd tvvo excited st aI I Ea an
cor rearr T8 b SRefiCUERedt P Aok Rl R ity PRI ERlrRaBlle TR petl 6% o

tenperatures (tyRie@aNP Yhethbdded&ibsj ,abWEec[d%s hbelen@ itk welDtOIosg &l trdhspdiel I
ground state, quantum tunneling between the A and E states goes on at a

fi xed oF peEEEé ¢ hyaeeplasizggaterial. One reason forsfiris gt thenhMEPAGPIESeNS B thel 3He
| ayer % &91? H‘%%ﬁ&%%ﬁ&%(&% tflé[)T Pﬁq e %&E&Dé%&t@t %QT‘A?EﬁdR%QﬂW b §dch h&lt}fﬂﬁt r api d

per5|s down rari eratures and | eads to re T RY

rel ax aﬁdmﬁg thatn@feridD ii6 lits di 3ides¢at§ hHoﬂée@em@ql@t Pguianhatenidl Y@k 1iggidi sthté%He i's
the basis for the nethod gescrl bed in 6,651,459. Simlarly, quantum

tun nelairm@mékly\e@ theraselertaf dRal 00steqends. jHor @Bregmu psgreiguyese ped/pilirapspett on

Lo 2 o005 L AP DL SR P HRERL SRS
tine @fted hﬁylasmshw thBINNIR/MERI Symﬂﬂfalﬂﬁ;dlsb&td halyfze ltheoMP mgnt@tpllaghe  Produce, 7 N

Tc. (-__ WO T where tc=correlation tine and CEE=constant. This equation
shows that in tHheadingshe grissreinsretheiINVIR/MRI 5ystem doreblspatis focen °Hoes

not depgpfk. qflrsrt,r{ﬁe ﬂl%ﬁ'cggltof RO Gk finkd ﬁllﬂij)s&r a &&%?g’haéo%l{&rden 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
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Thus, at sufficiently |low tenperatures and for magnetic fields where (00T >
(OE ((k= Larnor frequency = 42.6 MHz/ Tesla for protons) the Tl of the

prot ons iwoaonsiRbyB rotor is both tenperature and fi el decmadspandersio Thi s
is very different fromT1l for nol ecules that do not exhibit quantum
tunneling where Tl is expected to increase exponentially w th decreasing
tenperature in this range. A surprising consequence of this is that

saturation pol arization of protons in CH3 gr s can_.be rapidly produced
even tll’ﬁecfé‘Fsogse‘W‘ %F@‘FF%@PC%ﬁ@i Ra %“.t“r?ﬁif%atgf@gzg%-’é uaorfﬁé)é % %10%%/3%“}48““

t enpenaliidife hgﬁ@f&%&'&%&l&ﬁﬁ%&%ﬁ 8lsbRGure e it BRSpdrthibiSvEH B ariee and

w t hout the addition of a polarizing agent such as a trityl rad%cal or an
ext er madtdngensigd dhat ¢heal Bmiateriadgeny be svipli2d 24 4 006L10BPETAIS20 hgIn0&ir81red at a

Many Iticul.es of .int erteqs/é1 téor C'Ln vivo MR contain a methyl group. These

i nci udBEREHRR 8PS HAMBOFEY &t 1B PGP xanpl e, anong others. In other nol ecul es
a nmethyl group myrab@od sra9P PRk a8 rdhhAugbstgthem cal processes wel |
understood in the art so that at [ east one or nore nethyl groups can be
attached to the M@nyavalegules of biological inte@ﬁéc%pi@@tm@hyltgf@umrg@éﬁmlwﬁ@ﬂ osure
rel at f | [ ' [ f .one set
o pudtipt ol SR ol ok RE UG, e Bl P st bBip s 80y
nucl eiprétoti@CEffact @ntht hendilgegHPEmaleriaR! ese@sh bBagenTa Mg ddwrnt agesetavLid t he
use ofp an external relaxation agent or polarizing agent. First, as noted
abov e hagraAyninyng watlibslovaigemeling painsoiTae positen afgba minigien seRmewhpfiadd i al
handl i 0 ] i re. l e t1 r..dib.spersion
of " an “SARERGI iR SRS T3 Porb el & P AR PR RRT e rBR T 2

hi gh seotfeag&hgrcasbdnoriihete lagird geamacies cdminus & Ditite agenai 1@ teajdrateres eakaf i on
agent . . The nethyl protons thenselves are of little interest for
in vi veabrnuglsERfelex Pﬁé@rrfleﬂféreaw&fw% cpagiionswhish WauihothervissoAve ¥R{YEPAE ur e
is ger»lelgally too fast. What is of greater interest are the nearby nethyl
and carbonyl carbons. These tend to have |longer Tis (the carbonyl in
particul ar). MMBeowee of theenmiemingbiw ®hipktatwt hgparpaasziteonmthodsitddatet han f or
pr ot ons, Ki nﬁ themeasier to, resolve in a sge@t.rosco{g% stug% Fﬁr this

r eason @ QIHIGH PR &FTYFERE A BYNg Y8RP L Qe Es ey cBE BRI 108 ALY HY ds f or
ef fi CigaRhg ¥xddc@Bs FR% 1he PoRelz Ayl chdirb@ReRETYBRAI N UK Blvolves 3xpRufCHEe; 1N
particular, from nmethyl protons to nearby nethyl and/or carbonyl carbons so
t hat thadsridbeo sipietticated wateran mvithagioligythe presence of a maggeticefielt! torgetiiodsampte &t i n
t he art fo ttransflerb golharizati on bg.t We§<nTnucI ei in a nolecule. For exanple,
pul se ‘€BRHAREESTLbope MTdRBIPINP AFM%T< Dbl ar i zati on bet ween nucl ei .
However, these amgs fiphoasHiréqilee tHabtheS@@luabbemeasiietidepnsdll, Ry pek Rehsar ez ed
materials as they require highly honogenous magnets and an NVR resonat or

t hat cmed predly] Yt 2y peana ieat éhegpdarier mamyery flopmtodthe RAIMRIMRI gystpn  An
easi er, an I bhe. ¥ ' t i I field.
Por ar (2 tRE S, AERLR. TRGTE bROnelS o RaHRREE L P IR) BhrBleg Sl SR 0 1
to a lagaemivgn el aidftioal dhen DIN® ik sisddnowypapoladive miaetidlst the NP devixd mgst be
("LFTM'). In this-proc(ﬁss, the nol ecul e i s _exposed }o a magnetic field

Sufti dedii feytai oy iR R dibarCeey R ihedrisst G iqe EROAR G nucl ei upon
anot her near by %’SCAOQéd zﬁ?&gg,qgél HehbAlc dB& AR Iﬂeﬁ{ﬁ' ﬁolgpg%lcthh Bse

circunstances the "spin tenperature” of the two nucl el equi l1brate at
a r at @ miguatmtio T WleRPihh 2608 R@Tht)gahLiohg 4ctBidatulwedghBmieHinghe anbi ent

magnetic field, BL.is the.local dipolar field of nuclei .1 on nuclei 2, and
Yl?Z iSIPHR Yy r%PHLa{’ﬁﬁ%tthaé %}Sﬁ?ﬁ’eéedo‘?‘aﬁ%}é?r&?erit}‘?sF%%“Ei‘e‘%%ffr\%ﬂ&??‘ mi“émPEPprtal ly
on t heinmeleh 18k tHan th® nfeltfRlorREBIGAMN BOPAUEIrEbS thB ndhtd Rl €L Uk BgaiR IdRghust  be
on this order as well for rapid transfer of polarization. It is readily

seen teheughfthat sBoxt t@mM storpge/tramspoitns fepeibleo|Tihds eabies thespossibilitnpf plaging thee

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
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order of tens of mcroseconds so polarization exchange takes place very

qui ckly for B < BL. LFTM has been used to produce pol arized

mat er i al swonotieeém®dl i d state. For exanple, in U S. Pat erCTN®$2016/0486) 814, a
sanple of solid 2-13c-2,2-bis(trideuteronmethyl)-1,1, 3, 3-

t et radeut er opropane-1, 3-di ol was polarized to 13C thernodynam c equilibrium
at 6.65 T and 2.5 K by repeatedly puIIing it in and out of the polarizing

magnet. and into.the stray fie|d of 70 1 second. These exanpl es
and othFe’fegaXdE%H@Fr ataéal%%%%mﬁ UIng ﬂBBQEqCB?S Etéo‘ﬂtrrﬁﬂg%i’r %Flg}aﬁ%ﬁh%n from

Pr ot Ong, kil NBNBE BIRURA S ial SUSB1EBitsl B oS IR qhitVHot &ind it GEHRlusfd Xi Ng.

However exposure of materials to |Om/fle|8s can also lead to rapid

depol amimedtatady because T1 in the solid state is typically a strong function
of the anbient d. For exanmple, in U S Patent .. 6,466 814

> 13C 2.2 bt o( ¢ ARGRUFEREER T g By Sofiae RS mP G dp RV E o s

pol ar iigea fush Mt hEstl\/lu]gﬁ%{uff&(éta@éih tBWoRihd 2818, Juch @Yk pevdédte sRfedrathie Zhdihal
cryostat at the end a sanple stick and flnaIIy di ssolved to forma

sol ut ireglaxatiphdineef the getcraheprkeanedn varnehast Thisallows ds tegpeipbye tebsured i n
| ut | . f -
2% 60 slef VBS quiddty TR thOhls iR MRlan AL Br o Rl R ARRGEN e vﬁ%@gﬁos“ﬂs

dur i ndroex theaety I@IW temperatures (as an €avgat T endl Kyreqiilkel foemgnﬁﬁne nt factor" is
considered to be the ratio of the hyperpol arized NVR signal intensity

(i t selStordgsftFamspPThEe the @orymegerate témP?H%@r‘FsoiﬁitP@F qursaﬂgft%mhsrqmsa@)t (34ia% ded by
the NWR\ah@MEL 200 kG Ritott AbichBEndBt oo bBRFTRIor M hiPodclms o _measur e
this quantity in practice, is typical ect a seri‘es of Free

| nductresout dDelshyrt (T Bordeyhat gnﬁlle$emp¢rhtum1prbflletﬂfn11&1gla$ﬂ'al idupesipna Iser i es of

NMR pul ses immedi atel y ter the h o ari zed sanmp nsi de the NWVR
magnet’SCOEed ceftaim iy ffF‘éB@g?‘élay gfst t?rH%efét&FFp‘P ‘?E%Rﬁﬁ}é@aﬁ% raderial

equi | iphfyl BeTheMNea in &farpr@éehceocsfeacﬁmgﬁhc BiIPR 96 fte vwhePin 138 1RLAB6utD, 80,7071, OF
about 4°- 5 minutes for acetic acid, WO 2011/ 026103PCT/ US2010/ 047310 f or
exanpl68. SEHE. 32001 dér 3 hecenkof Pririzitpndmpaited totreiclen ethe Eimes matdriad isolost. | t

w || be under st d t.hat the enha e affected

o how aa ol o g atlheds " eRRABRE SR Dbl ARk RS Irs MRS R bt B R et or

of 12 thénshtraaspslesicdvepsibrodi tifses (RaBLarkplal fréiens F&*ﬂ af the Rib@Nk ty addtdn t he
hyper pol ari zed solution was 12 tines what it would have been for the sane
sol ut juemgireadilyevaitahle @m@gqm@méwéﬁlsﬁaa figuidgntipgea gty sebnddnfieladedy low

For the (%'h@f’f‘éﬁ& dAﬁ& §§a%@a@t9§m]t 'th Qﬂlﬂg @%&&h%@%&?ﬂ RGORMES S@ue relied
on di sSal vi ng e po ari ze Ire n e po arrzing cryostat so
t hat ttdftﬁp&fﬂilﬁdlﬁhrdnﬁalﬂﬁ‘l\edfeneksmﬁﬁ‘&ﬂg pmnaaﬂdcmelhng ketnpe@ioe is dedrémed.i qui d

state, external agents can be EUICkly renoved and also Tl of the HP

material is | es&o0Eiguiing pateriglsdhataraniolids af QRAFRIPEREN® It highgudAcmyes . u s
Pat en

i ssoPoRgCy: IR ARFOLIRS, Tol Bl QleliGiold (MRSt WIRNTRIE Oe.
negat icagbe ostsleq uehice thefpattivils sizs of tﬂlaisolhﬂ/pmtepal tarlessehhrrmmmromifsiemaﬂdn ot be

store rlods 0 i [ ans orted over ni fi cant .di stances;
ot th b SRRl o e Rooieat b B e RSB BRerg L e ot b her it B2
mat er iygéd. C4ll Ralike l%tndt Rsdfiiieros flah ot Bquiddishe Rt ef hﬁlhﬂig Aeed thdpdrti@edr t

for a method of extracting polarized materials in the solid state froma
pol ar i’iphigard hysdevetopad tthads te drpduéokigh @ﬁrfmlaafm frereh ppwdTtyof presnt

R L

hyper pakiasicZBloBURS tedhlt bfSa EiRRfled echctidn,andlersilthiile Wkabllit butkaateb eoriHe r oduced
in vivo. Depending on the apg¥|cat|on and material this can take the form

of a IRy PURAISHeHfablg metbpdsairideseribrch 69 axpmplepn APRicaptes US. $atpknsi on
could o e : i gically
toIeré%#ﬁ&ggﬁﬂgﬁﬁlNgakygﬁ%gﬂ%u? E%%ﬁ fS?Mle? gg&hﬁn%ﬁ@g&ﬁgﬂéﬁpolarlzed
mat er Iapbl.lcatlon also dlsclosesUJﬁouPatheﬂinuNﬁres thad Gy Bt dckinckddn Scedradrentwitiiothe

6, 278, 893 degéglbe t he manufacture of HP solgtlons by di ssolving a

hyper &R GEoUE ee-i591191d8spear0gs-@afIRe iker abl e 11 quid. But they do not
teach the use of a liquid and/or a predissolved sol ution. For many
applications it would be superior if the hyperpolarized naterial were a
liquid at STP or a predissolved solution. One reason for this is that
liquids can be directly pelletized, f8t exanple by droppering theminto a
cryogenic liquid such as liquid nitrogen. Pelletizing a solid, in



WO 2011/ 026103PCT/ US2010/ 047310 particular a solid that is a powder, may

require that it be mxed with binders or other additives that wll reduce
t he over avD 2pmyd2emd of hyperpol ari zabl e material in theprpelused10/047310
Furthernore, liquids nelt and mx nore rapidly thus better preserving

pol ari zation during the stage of formng the solution. U S. Patent No.

6, 6466, 814 and U.S. Patent No. 6,278,893 do not teach how to forma
suspension, colloid or other type of m xture nor do they describe howto
pol ari ze encapsul ated material. A further aspect of this disclosure teaches
met hods for progyghRgh REESS&idYREROIORE XPE&s enpl oyi ng hyperpol ari zed

mat eri al s. The present disclosure thus describes a process for
manuf act uri ng hﬁﬁeﬂpﬁﬂrethemdomlbmtednscei’ andrenovek taemadede; higlulevpleofror e i t

teaches the act ure of ol ari zed, sus Si Q and/ or ot her.

m xt ur“&%lea%o @8‘? B]s%lateﬁﬁlf }gaB gr%%%ﬁ?éaﬁ?“rfg @ﬁ@aﬁ% R ti]ﬁ &P ng

cat al yiheSof Nt GlicleRimRMLSuch l&encmleﬁselra Gerydbn@ONBplidant hat disi&redBlayal s and
furthernore permts the material to be extracted fromthe polarizer in the
sol i d cenfagwing|the gatpriab@ betnodarirgd s pbighrsufaer prwder nad exppyingdhe surfaces of

stor eql{lett ﬁcﬁ?@c?e? gcf iﬁed tlliehl%ta ﬂehc ?Xxﬁ%n'ﬁ%?e ca?itbg%lfdt trﬁthIesliIBIItgr Jndoametngﬁe % lari zing
cryosta I SS dIV|n I Spersi iate

l'i qui dmdlmfnadzmvblsmﬁﬁ)r@]mc@cﬁn |Appliodﬁt, hdsrfulslﬁblrﬂislcﬁﬂﬁed that removal of thd\ﬁ(f@frdmngl Y,
Applicant has devel oped net hods of polarizing nmaterials fhat_do not

i ncor peg @cgo{;@?mﬁqal syehe %‘é?o@Pll?}ieﬁhY FRATRRMe MHeridde How bRiF srady
mat er i al 8,k ORer, %’ﬂﬂe@ﬁ&t@ﬁaﬁtﬁﬁ’s‘ﬁﬂ%w@ éﬂ g; Bd ngrrﬁé&’éorre&ﬁ%}h Al kbt unbif t he
solid state so tha ey can be sto transported wt }())ut excessl ve
pol ar ilgsatof pnlatiesson. Dre:emmmatdsalfhﬂsﬂaher repened to rbbia tétylpﬂaquod anclzed that eri al s

to be rendered in_.the f f su en5|on ca | ati on and t he
ke o bestms B g QxR i BRGT B e g et

Wen oisapﬂzgnﬁ{@fesa‘ﬁ{e%uefanﬁf Bt hﬁgerfai 1sspé1naﬂdva whaElt %u(cﬁétﬁ&“as% B3 thekAmaK €,

15N, 1H, etc.) is placed in an external magnetic field, the interaction of

t he q@anlﬂlbmem nidig mextt¢real mmokeding t.hfe ‘%lhperp@@ﬂleqd”@mlﬂl dan2)ownbe Wedrﬁ@r g vaglety ofi ves
riset 03|ble r far, the s m t hes t at es
Lo oF 1 DRaRGRR GRsocs SRSty BeRateRl i En 4P ECel BRI ER g IR FS, % e

nMagnetoheim e ftca® be tdateBUS b PrecusoP Hithlah6theOma ikl toFamah It}ﬁfd in@telillewRiERiENt
magnetic field. In a non zero magnetic field, the "up" state is

a | onewcléneaighasap NIMBAMBAMAGih t he "down" state. For this reason, i

n
t her nodynam c e i i
2011/ 026103rcT) Gty BT £ 3L APRhRM e Soof RS Br PR LM o1 e
The r ahnm;c)fdemmleeatechmqns of protiieng hpperﬁcﬁlarhﬂ:dtgasdsl‘(ns emarerlhhehatdm/\gnsemsat e
is known as the "Zeeman pol arization” or_ "Bqltzmann pol arization" of the

syst eff stprdagd ponditiong)- c (s caybs denediyWaerliyBs UM HMRYABEPST t he equati on

P =tanh iiii/kTywher i d k =

Bol t zmann' s con-slit) ant . Conf] %%?%t?ﬁ%gg%’gsgfﬁ%ﬁﬁﬁff&ce agléesc VPCL gpﬁlgtl:’%gl %safr?ef ers to

t he prilbmmatii/@mrehmmmgj examppm thas cadtd dimeiby feseeiag $heorha®helrcrrmdy miaEnsucface of

equi librium pins,t ha;: is "hyperpolarized" wll
seek 28 2FREECHTLR aldda?tﬁ%?%]tﬁy?ﬁaﬁ@ﬁéﬁ%ﬁelaﬁ?ﬁ diY Typically, relaxation is
exponential wi thyr esmﬂlng ﬁleth'éT‘%‘o “BriR fhice® (PP vdRinpRlatR] &ty hidhs occurs is
known in the art as MR termnology, Tl is the tinme constant for

t he r eeagnetig/figfl) @M@ltzon@mmmeq@hbeum nveleangrilasivation raveay high. t o t he anbi ent

magnetic fiel d) f nucl ear etl zat nd de es .nteractions between
Theopi n ensembid andoenars TRreeh BRIV AlSEE L IF3anBb R RS b 0%y o
t he tpaeh fof tHéﬁﬁill&l:lakiftﬂin the 1pepesielealct madfibidhtl pnagnddiall ¢ raper @b duclel il d,

nmol ecul ar structure, or a conbination of all of the above.
the topmost layers of the frozen gas to thermal equilibrium which, in “brute force” conditions, is

highly polarized. In this sense the unique properties of “He are employed as a relaxation agent to

hasten the nuclei’s relaxation to a state of high polarization.
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Anot her characteristic time constant of NVR experinents is T2. This is
formally known as the tinme constant for the recovery of the M,),
conponentwoabittireloaucl ear magneti zation (i.e., perpendi edrars2aio/0etseo anbi ent
magnetic field) of nuclear nmagnetization. Less formally, it is the tinme
constant that describes spin-spin interactions and is usually associ ated
with the line wwdth of the NVMR signal in Fourier space. Like Tl, T2 can

al so be a function of_ tenperature, field, nolecul ar structur tc. Notably,
inasolid, T2 Al WS 8 78R 8% A GEFRYLS ol Hr. |ﬁ6d?¥?fsr‘2fe4 Heptt @' o | ow
fiel drGEdB! reMo¥é B SERRIH IRNurfal @ f Hid BofeRlzaPOTRIL kBl VRl kQlaket afest er

bet ween nuclei is typically - T2. The tine for polarization to decay to the
| at t i eeclenaridraloysitkem totle whimddsback ¢e esfoor enipepsdure avithovhatdut hesstof ne  of

exposur e of .a hyperpol arized material to a | ow nagnetic field (to permt

t her ma” WMy of protons in a methyl group with other nuclei (e.g. carbon
nucl ei of the methabo@ SHeBds) idiholvh &3 at ®)ubhtum Relaxation SwitdhT (BREYkManRe W th
a first exenplary enbodinent, a method is provided that first includes the
step osaEbas i gaghnigye whaigbe effeient THexafan of nugleign abspta ferge evvitaainest eanrksl ecul e
cont ai_pj. t 1| t._on - lei  wt o]
R g L

t hen eghpamald tp ppedet Hegrepakdrahit@iiaigot HE nVie20d o Q2613 RCNNISAAR0D/ 047310
sanple so that it can be rapidly introduced into and extracted fromthe

hi gh BPRIGHONT- ol Hel FtPOr AR 8 §°Eeﬁhat|6]6ﬁ BIOFSSS rﬁ]ﬁe%l?%ﬁé%‘t“éﬁe.the addition of any CABBI Sfscant
has d ' ' [ 1y%%' ' e Q- / US2009/ 39696, filed Apri
6, 2o%§§§2%a#§hﬁfg@?§eﬁ§§’ e #F%ﬁ%%ggﬁ%ﬁlggﬁg¥@§gd, for exanpl e by
droppering it i mtppliciNR haJhissoveasl thatghe QRSdprocese magtbe ek teodehtoppetast on of

gl aci al. .acetic.acid, for exanple. A sim]ar process can be used .

Sol ut PYASangRA Brisials. Gihep Bngoshimaterial bl gt 85 APeBdpg PerPer 20 as a
non exgdieh Vit exaRbgallibbs hg@@p&@ri&farb% BurikEeEH NFighREMQM&. t AgpIRUAd ace of
a powder. ' Pel | eti zi ng nol ecul es that are |iquids at room

t enperhas threhef discayseedi thatvRyids traiees linavls nhgde fiwse pibpeiwiarizedh o that theffor

exanple U S. Patent No.. 5 617,859 describes.the use of pell.etized |iquids
Ehat " st PR g ST LB 18 SRRHRF Jih R nols B SRR L never
that tchaglthngadmsmaetsotlitivgh 6sMetabslidisds@itcd@iifAle f6OIPCEo® Andianyeim

tunnel i ng based phenonena to rapidly relax one set of nuclei in a very high
B/ T eMWIROMERptotogady arg pesdenirgd. descri be the use of low fields to transfer

pol ari zation fr u i Aol i i S
not teach contr ?ﬁe&ﬁg"ﬁﬁg‘%ﬁ%ﬂﬁ%&é” %l{eg?falg Ee;i/gd 061% R&uﬂegg%tﬁe{ﬁ{lse%lﬁssggégé%tt%att g@g)ied
undue enshlaxrtdoafighagsn divdriogs extdradt dsdighofurfabe afeelfloeén povodart, lpelapialrthei ng
envi ronnent. These steps, as disclosed herein, are used to manufacture

pol ar DAY IASTIReH] BPosing eAPtEEls & cay g sreactig g paipngrdanetrRalyfep e gr oup,
and i I i j & fal L r r : rma

sol ut P‘g‘?, ,t S %%g%%ngﬁggﬁlwgtsﬁél?attﬂ];/égle&g?&?nﬁlgﬁéﬁ (}aﬁm () a%ds(pdn?ﬁorgg%gl?dance

wi t h ayperpblhsaredmpedtls t¢ heemkesepkbiar Vit mil hodecbgmitdiethaphe wictesoreafposi ng t he
pellet, to a hi. B/ T.environnment, such as can be.produced usin hi gh

Prel o birsPebiater i haRa s St G re S B e o e e Bl o en
anmountisd@fred | (ABh{ Rl A¢AaenAbEs IRy 8k SeRfedRAtIPSth&ahh@Ralk B ffrm! LAFH HINE

nucl ear species 1n the material (in particular, the nmethyl protons in a CH3
gr oup)matdire thatishefdise ferdVIBE/dWNR @ppldiatient (ergy invevodRIepplicaandhén hi gh fi el d
region of .the net .such that it is exposed r.a brief ti 0.a | ow
mone e RE TR el R0 iadpt gue ) PR el fn b ot T L e 0. s
or a ghisbretaCPIRIabpedatidhis: Miasfollbw Bt BlampldR baeddRekiQfy axdxpeséns ahs
preferably carried out using heliumgas as a propellant and the speed of

t he péprtiadlyos ipyighter ably that such that the time of exposure to the |ow
field, t, is T2 T1. WD 2011/ 026103PCT/ US2010/ 047310

Appl i cant has di%d that, at certain tenperatures, the relaxation tinme
of a nol ecul e c@duadratdgeadicreidhy frogeminp gl sixéacearaa pelipisdy idin@keing them
temper.atures, kpown as Tmin, can provjde path for depol arization, if the
mol ecdtte i lamfé%éﬂdltve)deﬂifﬂ@%fafc &opStie h herigriavh e AhE PEYRS FPeaB§d Pdng, and
this can becone nore acute in low fields. The exenplary nethod thus further
provi des optionally controlling the tenperature of the pellet such that
during exposure to the low field environment it is well away froma
tenperature where its nuclear relaxat?dn tinme is very fast. For exanple,
the pellet can be warnmed to be well above Tmn and then directed fromthe
hi gh BI' T environnent. In a further aspect, the nmethod al so can
provide that, after expulsion fromthe high field nmagnet, the materi al
remains in the solid state. Once outside the polarizing cryostat the pellet

o, T o - — Y b1 .



Exanpl e 2 Liquid 1-13C | abel ed acetic acid is frozen into
pellets by droppering it into liquid nitrogen ("LN2"). The pellets are

col | ect edweandiimsroeduced into a high BIT environnment (skCh/usg0ia/0er3y@geni c
envi ronment at about 150 nK in a background field of 8-10 Tesla). They are
kept in the high BIT environnent until the protons in the nethyl ("CH3")
group in the acetic acid have fully rel axed, thi s can be observed using NMR
or by vance the proton T1 und uch_conditiopns. The pellets
are 1 B LHE £ 8o HeDat RFORRE R f‘gfﬁrrmqu of emﬁﬁlethysrﬁﬂg‘éerﬁt@wna

pr essyp61e8e TmmﬁKtlhrt secCongyh - mzl%tnem: FibidbeHappidach & @d sﬁrﬂgfe the
practice of accelerating light frozen pellets is generally well-known, for
exanplcbamber to hestén wmiagnetic relaxatou (Qm:g thier agte yypotaiged (mbtess shightaanfasi on

t okamaks .at ee 1 r.de 100 cond t he
pel | et BRI RSP0 e St RERT R soidbe e e PP e

fiel dosehet daaipldd Of 1 Jadpld i@Rvakmedveo T L(HTKtah@ Y RAiQRSeds & 416 hyveli3Tht pbrdted
carbonyls. The pellets are collected in WO 2011/ 0g26103PCT/ US2010/ 047310 a
vol umaroigmsivee fropethp ichamipr pf ol sivmengryotigrvehiterheinglisipe it a eapgeteedre/ fiel d
envir f I e

ool ua g Bt B ashaneRE e B2 QMM RRRERHR N ERAS Bpor el W use
of dr yimite. flekll&mpletaupe coRdigots aragneitaiaed Aftetusedpdrg thatentpaiatura of t}el d on the
pel l ets, Under such conditi ons the Tl of the 13C in the acetic acid is on

t he o@&@?tsaq%@s}éfaasedrﬁ%%% 0 Kdad ehblgloicramplinbpdrmetsiig themdn fligeld aceti c

aci d g;shnt T‘Hl: %nbt-ﬂ?rf ge(l?ls ASANE GRS ?tﬂg(l)stt% %Br&u fic el ge and

react ed th a ut| onto arl zed sodi um
acet atvécisioy OIﬁthCJMR Ey&lﬂmlueinga small magnetic flelﬂlaqdladuliabl(S@yagtﬂhcr mamr:llaljtopel l ets
are manufact 0 hi hB/T condi tions as descr.ib i
enbodlnﬂFé‘httam HZ"’c“r‘Pé‘ gljrhSﬂ’S s R tbﬁéalt‘ﬂﬁ fﬂt‘?&ﬂ?y Ve mdBFog?fiaEe d, the

pel | ets§dlaﬁﬁly@%ﬂ&éisdmwnqnsﬁé }:)Ijesén@e Bf‘@nﬁghéfc' fzampg) &bgakd h&ﬁexﬁolﬁﬁi@ﬁrﬁﬁ&ﬁ&%e
above Tmin but stil ow their nmelting tenperatures (Tnelt for

acet i sueltasdn-thelfogp, ofﬁﬁlefnelphlaym@dr wdilim ectted selupen (ied af sodimm #etatosdntion ng
cryost hat can, | bﬁe collected for storage/transport or nelted for

i mredi %?%Cﬁﬂgéype@%%‘{eg Powderi zed anhydrous 1-13C | abel ed

sodi um acet at e isdesi@dhawddy fael uf thalVR ssQbmeah bé Qsed to nvdim@inMIna@Rkiccat i ons
such as buffered water or saline. The solution is then frozen into pellets,

for exX&Hpoeer Hie lipsietarizag precusspr whempe pm@érssélslté@%t%n&q heypesnhyed to a

hi gh %&tu%.' Vﬁ(groe%E@Bfe thE%?}éex%Bﬁn%@@%m&ﬁgéﬂ? Qﬁ%/cﬂjl (frlr}llvliialéé) ﬁ%ﬁmnegg nt ll'lhet he

protons in't um acet at & have yre
pel | eﬂ@papelatlmwldi)emhﬁdé expdéiretfrémane pdieridingbryBitdt i€ avirbporeninspest ng hi gh
pressure helium gas. The f)el | ets can.then _be nelted, for_ exanple by m xing

t hem mq%taFPelaioeadt%#é vegsel aslepickedsip Hig-i2onThertgmperaticel e GHPSPYatizad zed
sodi u?a aR | u %ﬁgn%e' Q& atd IR g?ugt tﬁmgerature bel pw tl?eoﬁéqg ga@‘&ﬂ%ﬂrtm gr 13C

| abel macetate |s m xe suitabl & so In vivo

appl i ¢l fishmasuahexpsribnikes e meoinwenh 6r a sncos@tamreratﬂ'ﬂeabsvﬁ nh’e |t<mnpe|rauteme iwhich
the T, 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 T, of the first material experiences a minimum to a second temperature substantially
above the temperature at which the T, 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 T, for '°C is at a minimum. Alternatively, the

precursor can be heated by passing a gas warmed to about 200K over its surfaces.
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WO 2011/ 026103PCT/ US2010/ 047310 encapsul ated in a thin polyner shell to
formindividual beads sufficiently small for in vivo applications. The
pel | ets oo 20ptizéermal |y be functionalized so as to produeeTaSd@sionsdo i n vi vo
function; for exanple, to bind to a desired in vivo structure such as a
fibroid or tunor. The optionally functionalized capsules are kept in the
high BI'T environnent until the protons in the CH3 group in the sodium

acetate have ful]y relaxed. The pel]lets are then directed/ expelled fromthe
N oh B T nvi ¢ orES TR e o il e it B HHAS S h o
phys'gbﬂﬁh&ﬁhiym&QhﬁHQQh@&§£h,Rh@ﬂmkﬁaf@@8hﬁz&¥ﬂ%&&&béﬁh&@9a%%&Pﬁﬂﬁh0“-

The discl osure further provides one nethod of perform ng NMR spectroscopy.
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accordance wit.h any of the teachings herein.into a i on .of i nterest,
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envi r eadeidn 30d0 clob matd Reerabig 586¢onds long. PreferablyDyieaiPphedield@dkhe
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nucl ear spins; typically,, though t exclusjvely, by saturation of the
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of Magnetic Resonance, 2nd ed. Springer Velas, Berlin, 1978, which is
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net hy MBsytipa. thpHppingetae delixering e yesgltantsakitian tothe subiget duging grhich the

cat al : [ ; I 0= 0r t he
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herein in its entirety, Brute faorce hyperpol arizati on,

pr ef eABAYCHSORIGC dorfakMERT fearnsraivieoh hamaeHal to fatldntedy PEpOREIERIN- g81se QRS )
can be used to hyperpol arize the hydrogen atons in nethyl groups (or other
material). As a termin the art, brute force refers to exposing the
material to be hyperpolarized to very |ow tenperature, high magnetic field
conditions. Materials in a "brute foré2" environment will tend to naturally
relax to a state of high nuclear polarization. However, w thout use of
addi ti onal mechanisns, the tinme to achieve hyperpolarization is generally
too long to be of practical use. By using a hyperpolarization facilitator
such as 3He, a quantumrelaxation swtch provided by the 3He facilitates
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WO 2011/ 026103PCT/ US2010/ 047310 The "Overhauser effect”, is
considered to be the transfer of polarization froman electron to a

nucl eus. we 2buriebmws descri bed herein, the "Nucl ear OverlraudseolBifisee” is a
sim | ar phenonena, except that the transfer is fromone nucleus to another.
In each case polarization is transferred fromone set of spins (electron -
nucl eus in the case of the "Overhauser Effect"”, nuclear - nuclear in the
case Qf the "Nyclear Overhauser Effect"). The techni ques may. utilize

appl i dAysugirdds HF&G‘?%‘F%‘M%‘V“E@ ﬁﬁmﬁtatp]uﬂ)sé‘égp‘?%blF ReMHREAAGR 34“ @ segtee 14
dependjr ige iy YB&IBETS be1d WO s&Bh& het ssRcB36 (thatSs, a olce @ Gtk RN HAVEIFLBES OF
(i1) nucleus-nucleus) are in notion with respect to one another.

The nesébisheanitic dyperpotgriodd miterigifege nterdpesatusshaley thedenpspirdadviibbthe and

shown in the .drawi ngs, provide for. superjor,.h rpolarized, materials and
ot hodePrbparar e SaiiEs piabRT s Pyt Rl B e "
ref er gneesalieiliactae the Heem Nindluled NGAPAL RFRMiINY, 4 @dedienreEshél & 1n their
entireties. It will be apparent to those skilled in the art that various
nodi f ireeeivVesiodl Aty 20A FIRICTFIEhddwaBL araigl aF A compuge tarpeagpwcpsehbyfwr t he
di scl . ' S W t;, departing fromthe spirit or scope of the
di scl gg%%@%@%ﬁsﬁng%%@g%lg}%ﬂ dlagl' Is intended that the present disclosure
i ncl ude nodi fi cdh hpafe@ddenibsdiabnQntghdi@tis an elevdréhagnet. NEhis peypeitsahe t he
subj ect disclosure and equival ents. WD 2011/ 026103PCT/ US2010/ 047310 CLAI M5
What i"82e8PUs feld of §1e anafepvaiselskiorsseleatium ueeastiviigd & mgpel o fagld sethe
ML e iidhsfe QRN 3% i interfering @th m@ﬁf@érﬂg &afibd, SALRARII R thd RelBSaPpd ar | zed,
the first nateria |ncFudr| r‘lgg a met hyl roPor group;

well-shielded to minimize interference. If desired, the hyperpolarized precursor for making the

hyperpolarized mixture may be made on site in relatively close proximity to the MR system.

Alternative To Relaxation Agents

An alternative to an external relaxation or polarization agent such as those
described above is to directly polarize a material containing nuclei that have intrinsically rapid
relaxation rates in high B/T conditions. Such nuclei are unusual because under these conditions,
as noted above, T; is typically very long at very low temperatures and can be on the order of
weeks to months for temperatures below 100 mK. However, by identifying one or more classes
of rapidly relaxing nuclei, it becomes possible to produce high polarizations at high B/T
conditions in reasonably short periods of time without the need for an adulterating catalyst or
external agent of any kind.

Rapid proton nuclear relaxation rates in molecules containing methyl rotor groups
such as potassium acetate have been observed down to 10 K. It is believed that the unusually
fast relaxation rate in the hydrogen nuclei is a consequence of quantum tunneling between
rotational states in the CH; group and has been observed in many molecules containing CHj3
groups. The tunneling arises because the methyl protons are relatively free to rotate about their
symmetry axes. Hindering potentials to rotation arise due to inter and intra molecular
interactions between the methyl protons and their environment. Thus, a methyl rotor can be well
described as a 3 dimensional quantized harmonic oscillator with a hindering potential that

depends on the details of the molecular environment and the crystal structure in the solid state.
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b) increasing the polarization of at |east one hydrogen nuclei in the

nmet hyl group of the first material; c) transferring the increased

pol ari zatworrotfo2ttee at | east one hydrogen nucl ei to ot hecTrusedieio4ismo t he
first material. 2. The nethod of Claim1, wherein the first material is

| sotopi cally enhanced by substituting one or nore of its atomc sites with
at | east one of 129Xe, 13C, 15N, 1H, 2H, 31p, 19F and 295i. 3. The nethod of

Claim1, wherei he first .naterial has been subs tiall urged. o
et e o b T PSR Srarvae g Behg LorRaa STury Bigh the The

met h Oq)rc%n 384 1doalivbreine ﬂikehh@cal@i@h?'Théx%ta'ké)ﬂﬁré‘etclaegcﬁé?&b %ﬁﬁo&XfBP feNtokhe
first material to a polarizing environnent that "includes at |east one of:

(i) dé¥heurdse hindetieg petnpeal @ arcdowér, hantiin teinehing betivgbn theselpgsitions badgreest i ng

the first, material. t n i ncreased netic field erein the first

rmter PARIDE dfoBl e ARehtaEr SRS dERaRS bhel En i SR LA B P M ent o
pol ar iz tRb ek @RA tsta@RG PN GMNR1AUT | 2aH BE 0 Mhddh@frek poridte cfdckwisept erial to

t hernodynanmi ¢ equilibrium 5. The method of Claim1l, wherein the first

mat er icainterglogkyiss raatigrp Atguffisienthytlon deraperauegs wiypicalliiel il Kheheierthe
mat er in?éthﬁ%of%ré Arglfﬂ gleﬁ'tgr(%g?l'state, quantum tunneling between the A and E states goes on at
a fixed frequency labeled ®or.

Quantum tunneling in solid *He layers has been observed to be a temperature
independent effect that persists down to arbitrarily low temperatures and leads to relatively rapid
relaxation rates in solid *He; the presence of quantum tunneling in *He is the basis for the
method described in 6,651,459, Similarly, quantum tunneling between rotational states in CHj
groups reduces the relaxation rate of the methyl protons, which would otherwise be expected to
become extremely long as T = 0. In the limit of low temperatures the T relaxation time of the

methyl protons is governed by the following equation:
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where T.=correlation time and Cgg=constant. This equation shows that in the low temperature

limit T; is a constant since @y does not depend on the ambient magnetic field or temperature.

Thus, at sufficiently low temperatures and for magnetic fields where ®or > @
(o = Larmor frequency = 42.6 MHz/Tesla for protons) the T; of the protons in a methyl rotor is
both temperature and field independent. This is very different from T for molecules that do not
exhibit quantum tunneling where T is expected to increase exponentially with decreasing
temperature in this range. A surprising consequence of this is that saturation polarization of
protons in CH3 groups can be rapidly produced even under very high B/T conditions. This
occurs as a result of the temperature independent quantum tunneling of protons in the CH; group
and without the addition of a polarizing agent such as a trityl radical or an externally added

relaxation agent.
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7. The method of Caim1, wherein the first material is a solid at STP.

8. The nethod of Claim4, further conprising directing the first nateri al
from t he wolzarivzsrg envi ronnment t hrough a regi on of decreagsdomgrset i c
field to a second location to facilitate the transfer of polarization from
the at | east one hydrogen nuclei to other nuclei in the first materi al
after the polarization step. 9. The nethod of Caim8, wherein the first

material is transferred fromthe | ari zi envi ronment _t hrough the region
of decreased nmagh@t IBO]FF‘EF%‘Q%BWWE&%’&8’ﬁ’8q38c98f“iagha ’6‘\?@9’1 &IOPPTT&Effé’ri od

gr eat ghcltdieRethée Mdlpyr@ase, thakatble, 3ol HBMER NREIRE mElRUE 9 mahaTehfp t he

first material is transferred fromthe polarizing environment 1o the second
| ocat ineay benint¢@psratelddhrongl) chaionlduoceyyos 2¢:111ynd26 @8 PCTHeUISZ@UDAIOM k@sonelt. The
met hod of Cl ai material is transferred fromthe

pol ar in%?rﬁ(fjneé}mEF%@H%B‘%%%C%&?&E%%@CB fation in less than 0.1 seconds.

12. The method of Caim9, wherein the first material is transferred from

;Qg Oﬁg ls_ar 'zing e arsg&rtrgp hletp(r)es%rrlltedissc gs%?edreia?gsatto 'a Methdd (l) ragidiyh&ro]dgéigg'
saturated polarization of one set of nuclei in a molecule, such as the protons in a CHs group.
Polarizing nuclei directly on the molecule of interest has many advantages over the use of an
external relaxation agent or polarizing agent. First, as noted above, many relaxation agents and
polarizing agents are toxic. Material handling becomes much easier as there is no concern about
proper dispersion of an external agent. Nor is there a need to configure the material in a high

. 3 . .
surface area format as there is to use “He as an effective relaxation agent.

The methyl protons themselves are of little interest for in vivo MR, because their
relaxation rate in solution at room temperature is generally too fast. What is of greater interest
are the nearby methyl and carbonyl carbons. These tend to have longer T;s (the carbonyl in
particular). Moreover, the chemical shift of carbons is much wider than for protons, making
them easier to resolve in a spectroscopy study. For this reason, a further aspect of the present
disclosure relates to methods for efficiently transferring polarization between nuclei in a
molecule; in particular, from methyl protons to nearby methyl and/or carbonyl carbons so that

they be utilized in an MR study.

Several methods exist in the art to transfer polarization between nuclei in a
molecule. For example, pulse sequences can be used to transfer polarization between nuclei.
However, these are not suitable for scalable production of hyperpolarized materials as they
require highly homogenous magnets and an NMR resonator that can typically only handle a
small amount of material at a time. An easier and more scalable method is to expose the material
to a low field. Polarization may be transferred between nuclei in a molecule by exposing it to a
low magnetic field. This is known as low field thermal mixing (“LFTM”). In this process, the
molecule is exposed to a magnetic field sufficiently low such that the local dipolar field of a
given nuclei upon another nearby nuclei exceeds that of the ambient field. Under these

circumstances the “spin temperature” of the two nuclei will equilibrate at a rate equal to:
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13. The method of Claim9, wherein the first material is transferred from
the polarizing environnment to the second | ocation in about 0.001 seconds.
14. The meohod/b6106l ai m 4, wherein the polarization ti meCcrassubfoumsient to
pol ari ze the hydrogen nuclei in the nethyl group. 15. The nmethod of C aim
8, wherein the second | ocation includes a cryog enic environment with a
magnetic field. 16. The nethod of C aim 15, wherein the second |ocation

i ncludes a tran sport cryostat |nclud|ng a nagnet, wherein the magnet
applies a magnetic field to t e f1 ,$§{° g at a low tenperature. 17.
The method of Claim8, wherein tie firgt+wat*ex.fal is in a solid state after
the polarization step and the first material is directed to the second

| ocation by accelerating it with fluid pressure. 18. The nethod of C aim
17, wwenatB ikhie dmbisht m@dnefit akld B, & thetdcardibolaf heldeeanadi 1 o€ atdian, bid
dlrectlng It through a conduit with a conpressed gas. 19. The met hod of

C ai my18is thihgyremaghais raie af nyelgi d 2 1gppacEvely r BeieyPicaly oy HetHdercbddu? € by t he
conpr ai m 18,
oy oo T BRe e FREHok DiEEE Bifehe b ok Spaer G wall R R R ot

conpr epkedatias &tis ceadipe enitimat dxcsB0fr 200 nﬂs in thelsolid Isaterﬁettﬁﬁxchllgfon@ai m
18, wherein the first material js.directed through the caonduit_by th

conpr S6&E AT (A8 ohmiciosssaRe SorPosi et gchapgsgakigsplace ysry qieklnerdd g c: ai m

18, wherein the conpressed gas includes helium

LFTM has been used to produce polarized materials in the solid state. For
example, in U.S. Patent No. 6,466,814, a sample of solid 2—13C—2,2—bis(trideuteromethyl)—1,1,3,3—
tetradeuteropropane-1,3-diol was polarized to °C thermodynamic equilibrium at 6.65 T and 2.5
K by repeatedly pulling it in and out of the polarizing magnet and into the stray field of ~ 70 G
for ~ 1 second. These examples and others demonstrate that it is possible to transfer polarization

from protons to heteronuclei such as '°C using low field thermal mixing.

However exposure of materials to low fields can also lead to rapid depolarization
because T; in the solid state is typically a strong function of the ambient field. For example, in
U.S. Patent No. 6,466,814, solid 2—13C—2,2—bis(trideuteromethyl)—1,1,3,3—tetradeuteropropane—
1,3-diol was polarized using LFTM, extracted by pulling it out of the polarizing cryostat at the
end of a sample stick and finally dissolved to form a solution. The resultant enhancement factor
vis-a-vis "°C was measured in solution to be ~ 12. The total potential gain, or enhancement
factor, was ~ > 100 so more than 90% of the polarization induced at high B/T was lost during

extraction.

Conventionally, the “enhancement factor” is considered to be the ratio of the
hyperpolarized NMR signal intensity (itself defined as the integral of the Fourier Transform line)
divided by the NMR signal intensity of the molecule at thermal equilibrium. To measure this
quantity in practice, it is typical to collect a series of Free Induction Delay (“FID”) signals with
an rf tuning set during a series of NMR pulses immediately after the hyperpolarized sample is
inside the NMR magnet. This test is then repeated after the sample reaches thermal equilibrium,

which for all practical purposes is on the order of ~ 5 Ty, or about 4 - 5 minutes for acetic acid,
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23. The nmethod of C aim 22, wherein the conpressed gas includes 3He. 24.
The nmethod of Claim8, wherein the second |ocation includes a nelting
vessel fowomeiwize3the first material. 25. The net hod eCT@sSaéw0di31mher ein
the regi on of decreased magnetic field includes magnetic shielding to | ower
the strength of the magnetic field in the region of decreased nagnetic
field to a nagnitude | ess than the Earth's background field.

2011/ Q26103P 82010/ 7310 The met hod, of d ai S|ng
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the tenperature of the first nmatérial frombelow the tenperature at which
t he Tmeafureh ellflalllr}stAmramI@mcqneréimn drigesich apidedcnibed émﬂenl)nearrs thatsecogiehl

t enper.at ur.e ye t he t ature at .ch the .T1 of,.th t .materia
expor i arEug SR hasme SRR SR LOBSR PR Foiedf REES! efirFhat | ng
the fispBtion &t @kisate sgedtbmdRi R tHe@hmpRMt Bednknhageed. hyper pol ari zed
material, conprising:

For the reasons discussed above, most hyperpolarization schemes have relied on
dissolving the polarized material directly in the polarizing cryostat so that the material is never
exposed to a low field. Once in the liquid state, external agents can be quickly removed and also
T; of the HP material is less sensitive to external relaxants and/or field changes. U.S. Patent No.
7,102,354 describes a method of doing this where the material is dissolved by injection of hot

water.

However, as noted above, a negative consequence of this is that hyperpolarized
materials cannot be stored for long periods of time or transported over significant distances; with
the exception of noble gasses this can only be realized if the material can be kept in the solid
state. Thus there is a need in the art for a method of extracting polarized materials in the solid
state from a polarizing cryostat without undue loss of polarization. The present disclosure

describes how to accomplish this objective below.

In accordance with one embodiment, for in vivo MR applications, the
hyperpolarized material is rendered in a form in which it can be introduced in vivo. Depending
on the application and material this can take the form of a solution, suspension, colloid or other
type of mixture. A suspension could furthermore include solid pellets suspended in a

physiologically tolerable liquid or an encapsulation of a solid or liquid hyperpolarized material.

U.S. Patent No. 6,466,814 and U.S. Patent No. 6,278,893 describe the
manufacture of HP solutions by dissolving a hyperpolarized solid in a physiologically tolerable
liquid. But they do not teach the use of a liquid and/or a predissolved solution. For many
applications it would be superior if the hyperpolarized material were a liquid at STP or a
predissolved solution. One reason for this is that liquids can be directly pelletized, for example

by droppering them into a cryogenic liquid such as liquid nitrogen. Pelletizing a solid, in
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a) providing a first material to be polarized in the formof a high surface
area powder; b) increasing the polarization of at |east one nuclei
cont ai nedwornotieefodr st nmaterial within a vessel in a polarius2eng/oerseé r onnent
by performng at |east one of: (i) decreasing the tenperature of the first
material, and (ii) subjecting the first material to an increased nmagnetic
field, wherein the first material is exposed to the polarizing environnent

for atine suffjcient to polarize at | east one nhucleji contained j.n the
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first material while directing t?fue irst material fromthe polarizing
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Cl aim 28, wherein subsequent to 3He exposure, the high surface area first

mat er icafapselated peserenlt & WHBer aspecs pbihds dikdosie teaghes Thrshegstfpbprogicing Bicks 28,
wher ei t .t he first material is warnmed w thout
substé e???&g&ﬂn%@tefnﬁgo}gﬁé@%ﬁ%% |e§glﬁ$%t?{§eal§i rst material, resulting in
nuclei in the material becom ng hyperpol ari zed. 32. The nethod of C aim 28,

wherein war i ng "[ih@%rreesgﬁtecﬁsctlgs%ré P gés%}igésea Igjr]z)cetsp?orfrinarlnsutfacrtrlllargnegr}ily%lerpolarized
solutions in a novel manner; furthermore it teaches the manufacture of hyperpolarized
suspensions and/or other mixtures. The disclosed methods do not require the use of adulterating
catalysts, which removes the presence of potentially toxic materials and furthermore permits the
material to be extracted from the polarizer in the solid state. If desired, the hyperpolarized
material may be stored/transported that it may be used at a site remote from the polarizing
cryostat, by dissolving or dispersing said material in an appropriate liquid, or combination of

liquids, or solutions.

Accordingly, Applicant has developed methods of polarizing materials that do not
incorporate a catalyst such as a trityl radical. The method permits materials to be extracted from
a polarizing environment while still in the solid state so that they can be stored/transported
without excessive polarization loss. The methods further permit the hyperpolarized materials to
be rendered in the form of a solution, suspension, encapsulation and the like so that they may be

made use of in an in vivo MR study.

When a spin ensemble consisting of spin Y2 nuclei (such as 13C, 129Xe, 15N, lH,
etc.) is placed in an external magnetic field, the interaction of the quantized magnetic moment of
the nuclei (m = +%2) with the field gives rise to two possible energy states for the system.
Typically, these states are labeled “up” (m = Y2) and “down” (m = -'2), referring to whether the

magnetic moment of the nuclei is parallel or anti parallel to the ambient magnetic field.

In a non zero magnetic field, the “up” state is a lower energy arrangement than the

“down” state. For this reason, in thermodynamic equilibrium, the population of spins in the “up”
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from bel ow the tenperature at which the Tl of the first materi al
experiences a mninum (Tmn) to a second tenperature above the tenperature
at whi ch wbeofliln2efo3t he first material experiences a m nipcwmasedivion)3in t hout
substantially nelting or sublimating the first material. 33. The method of
Claim 28, wherein the material is maintained in a magnetic field during the
warm ng step. WO 2011/ 026103PCT/ US2010/ 047310 34. The nethod of C ai m 28,
wherein the first material is directed framthe polarizing,environnment to a
secon&taiteo%(g]t TghRe Wab"ftet};‘?re‘li‘?j%a%wé?- &%%Wtf?z’?élﬁﬁe?re?glstlﬁg}? T‘% statgfo theyg 1Rret hod
of O qhdPRdvn Wi RikRolhes W%@mﬁﬁ’?éﬁaﬁ?ﬁidn”%k Y SRz Rarfnl pERAEAISn S thd Onment
with a magnetic field. 36. The nmethod of C aim 35, wherein the second

| ocat ispstemnié canlescactlatah §pany tanpasaiteet T by oleads oigtha cquegiva P, = wnbrdi/iil t he
magnet .applies a magnetic fie to. the . fifrst material at a | ow tenperature.
37" Tt Rek rofe ByRRBRIH b RE Pl find 1 Pl=rRIrE Bl Dol ar' sed usi g
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pol ari zation, (ii) the Nuclear Overhauser effect, (ii) parahydrogen induced
pol ar icxeass ehtheymeodypasaifo SAwEbEiWa. nucl ei of the first material to
hyper pol ari zed nucl ei of a previously hyperpolarized gas, (iv) exposing the
first material to a brute force environnent, and conbi nations thereof. 38.
A met hod of f or Mimepsemhlepdspiob gt sedypopalarioed” eitdmeek @i igxbpgletopol ari zi ng a

first pmtenal thatiis.a b E{Jcia@y A Phton 0 ARERL H0GH W th d Al mtl%‘e &nd
m xi ng the Ti1st HYperpor arfzéd matet i a > Wih a second irat eriar to 1orm a

sol ut icefstant3Owhithehi®taedisdnowWnah Mc3Bt astgr eINMEe tehinlilogyRTe sl thd tim?

reacted with the second naterial to formthe sol ution. ) )
constant for the recovery of the z component (i.e., M,, which is parallel to the ambient magnetic
field) of nuclear magnetization and describes interactions between the spin ensemble and the
lattice. Note that T} is a function not only of the type of nuclei that is hyperpolarized but also be

temperature, field, molecular structure, or a combination of all of the above.

Another characteristic time constant of NMR experiments is T,. This is formally
known as the time constant for the recovery of the M, , components of the nuclear magnetization
(i.e., perpendicular to the ambient magnetic field) of nuclear magnetization. Less formally, it is
the time constant that describes spin-spin interactions and is usually associated with the line
width of the NMR signal in Fourier space. Like T, T> can also be a function of temperature,
field , molecular structure etc. Notably, in a solid, T is always less than T; whereas in a liquid
T, ~ T;. In a low field thermal mixing experiment, the time for polarization to transfer between
nuclei is typically ~ T». The time for polarization to decay to the lattice entirely is ~ T;. Itis
therefore important that the time of exposure of a hyperpolarized material to a low magnetic field
(to permit thermal mixing of protons in a methyl group with other nuclei (e.g. carbon nuclei of

the methyl group)) be T, >t > T;.

In accordance with a first exemplary embodiment, a method is provided that first
includes the step of configuring a material. The material preferably contains a molecule
containing at least one CH; methyl group and a nuclei with a non zero spin,. Preferably the

nuclei are of a high T, material at STP. The method then optionally specifies pelletizing the
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40. The nethod of Claim 38, wherein the first material includes an acid and
the second material includes a base. 41. The nethod of Cl aim 38, wherein

t he firstwoabara2edo3i ncl udes a base and t he second nat er Palr/tusealowdsi0 an
acid. 42. The nethod of C aim 40, wherein the acid includes acetic acid.
43. The nethod of O aim40, wherein the acid includes lactic acid. 44. The
nmet hod of C aim 40, wherein the acid includes pyruvic acid. 45. The nethod
of Claima40, wherein the acid jncludes formc acid., .46. e net hod of

d ai msa@PleiRdhatittrapbs rapidly pgoquey Hp?e 8 Wragwﬂgypg%glegyglbﬁ@hg}w%p@nbf its
at om Gngid @8 phMrisBtydstiki on of one or nore isotopes selected fromthe
group consi stpi ng of 13C, 15N, lit 2H, 31p, 19F and 29si. 47. The nethod of
Cl ai m 40, wherein the second material includes sodium 48. The net hod of

Caim 47, wher eigpdiingn 36 ad:ib8 &dr&ioh N UpHERR NS ROL UBE UK RbAB696, filed
April 6, 2009) how a liquid may be frozen and pelletized, for example by droppering it into LN2.

This has been used to create frozen pellets of glacial acetic acid, for example. A similar process
can be used on solutions, emulsions, suspensions etc. Gases may also be pelletized; as a non

exclusive example this can be done by freezing them onto the surface of a powder.

Pelletizing molecules that are liquids at room temperature for use in MRI studies
have been described in the art. For example U.S. Patent No. 5,617,859 describes the use of
pelletized liquids that can be polarized by subjecting them to a high magnetic field. However,
that teaching does not disclose the use of methyl rotors or quantum tunneling based phenomena
to rapidly relax one set of nuclei in a very high B/T environment. Nor does it describe the use of
low fields to transfer polarization from one nuclei in the molecule to another. Finally it does not
teach controlling the temperature/field of the pellet so as to avoid undue relaxation loss during
extraction of the pellet from the polarizing environment. These steps, as disclosed herein, are
used to manufacture polarized molecules, in particular molecules containing a CH; methyl
group, and incorporating them with a fluid at room temperature so as to form a solution,

suspension or other type of mixture.

In accordance with a further aspect, the exemplary method further provides
exposing the pellet to a high B/T environment, such as can be produced using a high field
superconducting magnet and a low temperature cryostat, for sufficient amounts of time to
produce high levels of polarization in at least one nuclear species in the material (in particular,
the methyl protons in a CH3 group). The method also provides directing the pellet from the high
field region of the magnet such that it is exposed for a brief time to a low magnetic field such as
that provided by the Earth’s ambient field (~ 0.5 G) or a shielded container such as mu-metal.
The method of expulsion is preferably carried out using helium gas as a propellant and the speed

of the pellet is preferably that such that the time of exposure to the low field, t, is T < t < T;.
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49. The nethod of daim47, wherein the second material includes sodium

bi carbonate. WD 2011/026103PCT/ US2010/ 047310 50. The nethod of Caim1,
wher ei n tWe 2bivesiosaterial is a solution at STP, and thecmatshad/ ofitsne her
conprises mxing the first nmaterial with a second material to forma second
solution. 51. The nethod of Claim1l, wherein the first material is a solid
at STP, and the nethod further conprises mxing the first material with a
second material to .forrpraa sol utioE. 52. The net hod qf ql aim1l, wherein the
first material iPPicayhaydiseovsins thafnaf GeHaIn{EMAYAtY Gy hsdrlaEdigrtieed i xi ng
the f 'nﬁcﬁ&cdﬂ@écﬁﬁdiﬁ‘i&g\% rhé‘thﬁ g?r&ﬁpﬁgy B@R@xfy'lﬁﬂ)idF Qhééért%ﬁeﬁth?&?ﬁl%mas TR23-cadhe
method of Caiml, wherein the first material is a solid at STP, and the
met hodrévide i path dandeppkegatimn ifrige miokecfilieris allovegdetoiliaigemit tshehaarsleicragnditions i al

to forma colloi . 54. The nethod of Claimi1l,.wherein the,first eri al
o LU B Edonis G vef R TR A S s aS ekt Ry s PRpS

mat er iggbviddstdptidnARCME oMb ehd @mped @ oMiRIpeABLHEh At dubis exposursed hedowf
Claiml1, wherein the first nmaterial is a solid at STP, and the nethod

f ur t hdieldgnponsest irissrebawhelrempadempegaens wheigiitsmuglegiebratiomtideiareryo f orm
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high B/T environment.

In a further aspect, the method also can provide that, after expulsion from the high
field magnet, the material remains in the solid state. Once outside the polarizing cryostat the
pellet can be maintained at a temperature where the T of the heteronuclei of interest is of a
desired length of time. For example, this can be done by storing the pellet at 4 K and in a
magnetic field > 0.1 Tesla such as that provided by a permanent magnet. The hyperpolarized
material may then be employed immediately or at some future/location to form a solution,
suspension, colloid, or other mixture, which can then be used to generate an image, dynamic
flow data, diffusion data, perfusion data, physiological data or metabolic data. The following

further Examples are similarly based partially on experience and partially on insight.

Example 2

Liquid 1-"°C labeled acetic acid is frozen into pellets by droppering it into liquid
nitrogen (“LN2"). The pellets are collected and introduced into a high B/T environment (such as
a cryogenic environment at about 150 mK in a background field of 8-10 Tesla). They are kept in
the high B/T environment until the protons in the methyl (“CHs”) group in the acetic acid have
fully relaxed, this can be observed using NMR or by measuring in advance the proton T; under
such conditions. The pellets are then directed/expelled from the high B/T environment using
high pressure helium gas through a conduit. It will be appreciated that the practice of
accelerating light frozen pellets is generally well-known, for example, in the field of introducing
frozen hydrogen pellets into fusion tokamaks at speeds on the order of 1000 m/second. As they
are expelled, the pellets pass out of the polarizing field and into a region of very low field so that

polarization flows from the protons to nearby °C labeled carbonyls. The pellets are collected in
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57. The nethod of C aim 56, wherein the encapsul ating nediumis porous.

58. The nethod of Claim 16, further conprising storing the first materi al
in a hypewpabarizgwd condition in the transport cryostat pamiSee@0sEerti ng
the first material in the transport cryostat to a site renote fromwhere it
was hyperpol ari zed. 59. The nethod of C aim 58, further conprising the
step of transporting the first material to a location within the fringe
field of .an MR

system . The method of Caim59, further conprisin
i ncr edsiHgn% e isdh st B eefeET VhgE OhradBPIPR Py Use/ el bRme fure
bel OW (HdThdletsQaft be G Qn&e‘ﬁﬂ?‘é‘éﬁ%dlfeﬁ. ARQVion Xt Risive @;lamﬂi@?thé‘%&fﬁ% &h be! ai m 60,
further conprising the step of disposing the first material in a m xing

devi cenaiitaimed at ha0@ Ki thymigh itled wheof diyhise VR wyadlt permandgi? maghes caebhioskdgp C ai m

61, wherein the fi i i t h d ial within th
i i ng Byt gy FoaelBlC B SRR lbb R AR G BBt han

t r ansfigs ordesslevdral hihueedioak fsnw%l% tilaBs foft the polaRA et eiRa &Y 8 lsRoR @REBNAL.1 ON.
64. The nmethod of Claim 36, further conprising stori n(gbt he first materi al

in a MBeePr st thee be sreded inothe ivalumeeandrrgassgsowith & psmed bufiered selahapir ti ng
the fir ' LN sthe. 0 ryostat to a site renote fromwhere it
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Example 3

Liquid 1-"°C acetic acid pellets are manufactured and cooled to high B/T
conditions as described in embodiment 1. When the protons in the CH3 group have been
polarized, the pellets are warmed while still in the polarizing field to a temperature above Ty
but still well below their melting temperatures (Tmelt for acetic acid ~ 17°C). Then they are
directed/expelled from the polarizing cryostat so that they can be collected for storage/transport

or melted for immediate use.

Example 4

Powderized anhydrous 1-"°C labeled sodium acetate is mixed with a suitable
solvent for in vivo MR applications such as buffered water or saline. The solution is then frozen
into pellets, for example by droppering it into LN2. The pellets are then exposed to a high B/T
environment. They are kept in the high B/T environment until the protons in the CH; group in
the sodium acetate have fully relaxed. The pellets are then directed/expelled from the high B/T
environment using high pressure helium gas. The pellets can then be melted, for example by
mixing them with heated water or saline solution, to produce highly polarized sodium acetate

solution.

Example 5

Powderized anhydrous 1-"°C labeled sodium acetate is mixed with a suitable

solvent for in vivo MR applications such as buffered water or saline. The solution is then
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65. The nmethod of Caim64, further conprising the step of transporting the
first material to a location within the fringe field of an MR system 66.
The net howloah11@eiom 65, further conprising increasing tReTiUSe@eO#t3U6 € Of
the first material froma first tenperature below Tmn to a second
tenperature above Tmn. 67. The nethod of C aim66, further conprising the
step of disposing the first material in a mxing device within the fringe

field of t 68. The met hod of C aim67, wher the first
mat er ieafaPP‘g‘é@HRn ﬁmﬂtlﬂ P8 yas shl! toefprp ﬂ‘éjllVthr‘i’F?EStSHgl?ﬁ% Yﬁ&laﬁe{‘;t te"'v969. The
met hodppficabd. MRBpelMARLE bﬁtl@laﬂ?%@?ﬁn&%nﬁl%d%{) angf _I_tﬁr()d%‘%sas&lsuécﬁthGQEd of f
prior o performng an MR system oper ation. nmet hod of C ai m 58,

f ur t hénnationpior skangple rte baabtoraglesied mermertatcarre smcfh ashaditfrpidgtr tymoerThel from a
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di r ectcag, ¢r8 d@nﬂht E@diﬁrt@r:etm&ﬁeta fullyfiklaxddeTREpMREh ¢ tHeh Airdtté@expelled M
conpri sing recting the first material into the transfer vessel, wherein

t he t rthgkighB/{ esgenment sriaphich pai«rﬁaur@dﬁhu@tﬁaé and @ixedi withad physielogically
mat erial ra%es%ﬂlt]f%ln%%%r d, H?p% olér‘f'zed Sg P%’}gglg at a tenperature |ower than the

mel ting point o teri The nmethod of Claim 71, wherein
t he transfer vessel includes a rragnet and the tenperature of the first
material is maintheidietbsire fultBertpravidésesnevesbedl ofgerfoembts NMRpgrettradcdpy.t he ai d

of dr 73. The nmet hod of Caim 71, further co I ng Xxi ng.t he
first yl}lrﬁtr%?tt%ﬂ inGfules igtroducinga Ijrmeémlarrﬂ%an%tat%r%?dﬁr&g&%ﬁﬁamw th-#p% Ohehod of

d aim | t t in
Che prt%as%gln?g'eﬁ%f%ing#&gree\glﬁﬁedg %&gﬁgﬁtg%r?tgﬂlﬁgﬁsa Bt IR ctiBfabhdiRlentRY Shtodhe

region of interest to excite the hyperpolarized encapsulated material, and receiving NMR spectra
from the region of interest. Accordingly, the materials provided herein can be used to analyze
the NMR spectra of an in vitro or in vivo sample. Moreover, in accordance with a further
aspect, it is possible to hyperpolarize a material suitable for being metabolized in a biological
process in accordance with any of the teachings herein, introducing the hyperpolarized material
into a region of interest; and receiving NMR data or MR images indicative of metabolism of the
hyperpolarized material. Such techniques can be useful for diagnosing the existence of particular
types of tissues, as set forth in U.S. Patent Application Serial No. 12/193,536, filed August 18,
2008, which is incorporated by reference herein in its entirety.

It will also be appreciated by those of skill in the art that the protons in methyl
groups as described herein can be polarized in accordance with a variety of techniques, such as
(1) by way of a quantum relaxation switch, (i1) dynamic nuclear polarization, (iii) the Nuclear
Overhauser effect, (iv) parahydrogen induced polarization, (v)exposing the nuclei of the first
material to hyperpolarized nuclei of a previously hyperpolarized gas, (vi) exposing the first
material to a brute force environment and combinations thereof.

Dynamic nuclear polarization ("DNP") generally involves transfer of polarization
from electron spins to nearby nuclear spins; typically, although not exclusively, via saturation of
the electron resonance line using microwave irradiation. An example of DNP in the patent
literature includes U.S. Patent No. 6,008,644 which is incorporated by reference herein in its
entirety. In the context of certain of the embodiments of the present disclosure, DNP can be

used, for example, to hyperpolarize the protons in the methyl group of a material
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75. The nethod of Claim 73, wherein the m xing step occurs while the first
material is situated in the transfer vessel or in a further vessel in the
fringe fiwbaoofozstee MR system 76. The method of C ai mp¢3/Uuseden&ismo t he
first mterial reacts with a second material within the transfer vessel.
77. The nethod of Claim 73, wherein a nmagnet of the transfer vessel is
turned off prior to perform ng an MR system operation. 78. The nethod of
Claim1, where e first material is deuterated. 79. The nmethod of .Cl aim
78, wherein thetﬁﬁeﬂ\g’zd%épé(ﬂthé}lseir §ffﬁ%hg€v%{ﬁﬁxﬂrwefneérra%%%r.0 nygiear polarization

20117 Q2] BRPEl bHREQER IO RLQ BOiEh& BBhEREY Rﬁclgr@bi%;%?picml’tﬁdu@h%@ first

material is fully deuterated. 81. A systemTor manufacturing a
hyper patlasivelgdbysatwniien of the it isefiaf gpins nuclearaysomergedineoExdmiplesof theg a fir st

g?;ﬁ;gb?lllcléa? Ot\)fgrhrz)lgsle?re%fez&qn Eh% he%elggllrg :Elriezdiesngibregglil g&ﬂcﬂ%r,%}n%ﬂ)lgs oqq\;l:? nleticr: otor
Resonance, 2nd ed. Springer Velas, Berlin, 1978, which is incorporated by reference herein in its
entirety. In the context of certain of the embodiments of the present invention, the Nuclear
Overhauser effect can be employed by causing the hydrogen nuclei in methyl groups to have a
higher than usual polarization.

Parahydrogen induced polarization ("PHIP") can be used to hyperpolarize the
hydrogen atoms in methyl groups. PHIP generally involves transfer of polarization via catalyzed
hydrogenation by p-H», followed by spin-order transfer to the nucleus of interest. Examples of
PHIP in the patent literature include, for example, U.S. Patent No. 6,574,495, which is
incorporated by reference herein in its entirety.

Brute force hyperpolarization, preferably using a quantum relaxation switch,
(referred to herein as "QRS") can be used to hyperpolarize the hydrogen atoms in methyl groups
(or other material). As a term in the art, brute force refers to exposing the material to be
hyperpolarized to very low temperature, high magnetic field conditions. Materials in a “brute
force” environment will tend to naturally relax to a state of high nuclear polarization. However,
without use of additional mechanisms, the time to achieve hyperpolarization is generally too long
to be of practical use. By using a hyperpolarization facilitator such as *He, a quantum relaxation
switch provided by the *He facilitates relaxation of the material under while in brute force
conditions to rapidly induce hyperpolarization in the material. Application of *He is then used to
remove the *He from the hydrogen atoms in methyl groups to enable it to be warmed to room
temperature without undue loss of hyperpolarization. An example of QRS in the patent literature
includes U.S. Patent No. 6,651,459 which is incorporated by reference herein in its entirety.

The hydrogen atoms in methyl groups may also be hyperpolarized by exposing
them to hyperpolarized nuclei of a previously hyperpolarized gas. This can be carried out in a
variety of ways, such as by immersing the first material in liquefied hyperpolarized '*Xe, or by
allowing gaseous polarized xenon to be bubbled through the material. An example of nuclear
hyperpolarization transfer from a gas in the patent literature can be found in U.S. Patent No.

6,426,058 which is incorporated by reference herein in its entirety.
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b) neans for increasing the polarization of at |east one hydrogen nucl ei
contained in the nethyl rotor group of the first nmaterial while in the
pol ari zatwororiegsma; and c) neans for transferringcrhs2omnorsased
pol ari zati on of the at |east one hydrogen nuclei to other nuclei in the
first material. 82. The systemof Claim81l, wherein the first material has
been substantially purged of paramagnetic agents and pol ari zati on agents

prior to polarization. 83. The system o aim 81 erein the nmeans for
transferring i_né'ﬁ‘ﬁd Serhauies e?fsﬁ_ df F@b@f@l@ﬁ% e ke ?%QV\S,??F&_?QPP&FW T AR

pol ar iefdcRgn ECYhRAedsNAUERME de8&itR Hefeifl 86 adnach MBRBLL&G Hifeelds hQirdilsaecond
| ocation to facilitate the transfer of polarization fromthe at |east one

nucl eiphtronutraeexcapicthati the frandfer if frost ongatuglenato ar@theThb eagh tcesn pflar@atipmisg 3,

wherein the ans for directiing is adapted and configured to sfer the
(st e erraloRratmarHE SBOr P BRIk aR BT R bt o el P b ER" o

decr eageRaMBGineddr ¢n fe@hst $fQhd MudeL O\ RCAIEIRR QY The BechhiqBeAAY QEi4r eat er
than T2 but less than T1l. 85. The system of Cl aim 84, wherein the neans for

di r ectappiiratisn afieadicteranens YEORF | duisetitct the masmipd e nphdepanding aneweathesithg rom t he
pol aricgl, @%s A éclﬂl{‘sog%‘a Qif)l efeQ{rS’ﬁ'-gﬁd&B‘seorgﬁgh&’é?eu [ AREE SRS GOBRING thGedob&ld tO
ond l["ocation”i econds.

t he secC €ss an 1.
one another.

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.
All patents, patent applications and references referred to herein are incorporated by reference
herein in their entireties. It 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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86. The system of C aim 84, wherein the neans for directing is adapted and
configured to transfer the first material fromthe polarizing environnent

t hrough twe 20agi2endof decreased nagnetic field to the secon$26i00atsion in

| ess than 0.1 seconds. 87.The system of C aim 84, wherein the neans for
directing is adapted and configured to transfer the first material fromthe
pol ari zi ng environnment through the region of decreased nagnetic field to
the second location in | ess than O. onds. 88. The system of C ai m 84,
wherein the nmeans for directing is Q\éé@ﬁgd and configured to transfer the
first Weis bidimdariom t he pol ari zi ng environnment through the region of
decreased magnetic field to the second location in about 0.001 seconds.

89. Thd. systfeprogéssChainamgactuihes byperpdlarizedgnaieridl ogamprising: ncl udes a cryogeni ¢

environne r]ta) Wit rf)r(gﬂvicrlrilralg ralleﬁristcmgltier?alllqo be \égaglge]d:!‘/th% 1r%'t0 n?{zl?tg‘lrélLijrslc:zlgcjl'l%{g %AhZe‘Qﬁ]fﬁ

rotor group;

b) increasing the polarization of at least one hydrogen nuclei in the methyl group of
the first material;

c) transferring the increased polarization of the at least one hydrogen nuclei to other
nuclei in the first material.
2. The method of Claim 1, wherein the first material is isotopically enhanced by substituting
one or more of its atomic sites with at least one of 129Xe, 13C, 15N, lH, 2H, 31P, YF and #Si.
3. The method of Claim 1, wherein the first material has been substantially purged of
paramagnetic agents and polarization agents prior to polarization.
4. The method of Claim 1, wherein the polarization step includes exposing the first material
to a polarizing environment that includes at least one of: (i) decreasing the temperature of the
first material, and (ii) subjecting the first material to an increased magnetic field, wherein the
first material is exposed to the polarizing environment for a time sufficient to polarize at least

one hydrogen nuclei contained in the first material to thermodynamic equilibrium.

5. The method of Claim 1, wherein the first material is a gas at STP.

6. The method of Claim 1, wherein the first material is a liquid at STP.

7. The method of Claim 1, wherein the first material is a solid at STP.

8. The method of Claim 4, further comprising directing the first material from the polarizing

environment through a region of decreased magnetic field to a second location to facilitate the
transfer of polarization from the at least one hydrogen nuclei to other nuclei in the first material
after the polarization step.

9. The method of Claim 8, wherein the first material is transferred from the polarizing
environment through the region of decreased magnetic field to the second location over a time
period greater than T, but less than T;.

10. The method of Claim 9, wherein the first material is transferred from the polarizing

environment to the second location in less than 1.0 seconds.

39



90. The systemof C aim 89, wherein the second | ocation includes a
transport cryostat including a magnet, wherein the magnet applies a

magnet i ¢ wWoebd/@2eto8he first material at a | ow t enper at uPeT/US2d10/0F13@0 Syst em
of Claim83, wherein the first material is in a solid state after

pol ari zation and the first material is directed to the second | ocation by
accel erati ng it V\,i th fl uid pressure. 92. The systemof Caim91, wherein

the first teri dir dtot e second. |l ocation b irecting it
t hr ouglﬂ a ik O%P q:nla’én‘g WE%%@% 1L gratergsl is thg, egﬁgf@ﬁi ngP aHre2,

wher eieflyit:hiindrt kS the MBERH18datibs ifliebeMhRD. (L REGEN the conduit by the
conpressed gas at a speed in excess of 10 ms. 94. The systemof Caim 92,

wher eild. t hdheimethocdheli €rinaP, wberdmrtb@ fiestl ntabarigligHranbierred froui the lpylatinimg

conpr esse a d i.n 00 ms 95. The systemof Caim
52 P WRETETHER & e Re Rl Pu i RS P Dt Ste BB ough t he condut ¢ by ¢ he
conpr gssed ThamahoPofSPIERA 9] Rh&X®AanRs fitk mh@PAl ¥ thansfef6d frbheths potagimingf C ai m
92, wherein the conpressed gas includes helium 97. The systemor Caim

96, wi§ariEpmertiéo herpranddecntigasn phrar 0§04 sgigads. 98. The system of C ai m 83,
wher eijn the@%‘%ﬁ%&d éfoég%éhmﬂgwh%&'n%ﬂ@g%ﬁng&]‘% oh'tﬁ&% %ﬁﬁf% eni %r &?Aztg f9 the first

mat er i al e Sys ecreased
nagnet}nydrofgelehdclelriﬁIthﬂiﬁéthp’ﬁgﬁep| ¢ shielding to I ower the strength of the
magnetlc field in the region of decreased magnetic field to a nmagnitude
| ess tlRan ke n@é]iaqc}.,(afsCIB% ﬁgwggﬁla th¢ ggcgnd location includes a cryogenic environment

with a magnetic field.

16. The method of Claim 15, wherein the second location includes a transport cryostat
including a magnet, wherein the magnet applies a magnetic field to the first material at a low
temperature.

17. The method of Claim 8, wherein the first material is in a solid state after the polarization
step and the first material is directed to the second location by accelerating it with fluid pressure.
18. The method of Claim 17, wherein the first material is directed to the second location by
directing it through a conduit with a compressed gas.

19. The method of Claim 18, wherein the first material is directed through the conduit by the
compressed gas at a speed in excess of 10 m/s.

20. The method of Claim 18, wherein the first material is directed through the conduit by the
compressed gas at a speed in excess of 100 m/s.

21. The method of Claim 18, wherein the first material is directed through the conduit by the

compressed gas at a speed in excess of 1000 m/s.

22. The method of Claim 18, wherein the compressed gas includes helium.
23. The method of Claim 22, wherein the compressed gas includes “He.
24. The method of Claim 8, wherein the second location includes a melting vessel for

melting the first material.
25. The method of Claim 8, wherein the region of decreased magnetic field includes
magnetic shielding to lower the strength of the magnetic field in the region of decreased

magnetic field to a magnitude less than the Earth’s background field.
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100. The system of C aim 83 further conprising neans for warmng the first
material while in the polarizing environnent. 101. The system of C aim
100, wherwonotimeéwar m ng nmeans i ncreases the tenperat ur @Cofustéie/ofiinet
material from below the tenperature at which the Tl of the first materia
experiences a minimum (Tmn) to a second tenperature above the tenperature
at which the T1 of the first material experiences a mninmm (Tm n) w thout

substantial ly nme]tjng.or suplimating the first terial. Q2.. system f or
oot 2Bt Lk rirthad ARl BB T i e s el ate erin ey ov i dl ng
a firsst Q%@ﬁo&ﬁmg%ﬁgpkﬁ5%%gqﬂin the formof a high surface area powder;
WO 2011/ 026I03PCT/ US2010/ 047310 b) means for increasing the

pol ar i2Zat i dineaficted diddetm dhewimreinghe womiag ned inareaspethe itgrgperatateeafithd fist t hi n
a vessel in.a l.arizing environment by.performng at |east one of.: (i)
Geor ogustift fion P sfe et ARERRh Y TRE R} Ml SRR lbimi { e
first (TpLAbiadkedid @RpeAGTERATRE (RR@RPEIturt helBich @AT, of the filg) maRARS f or
transferring the increased polarization of the at | east one nuclei to other

nucl eiexpefienpes § mpEmuieilen) Hithpt substantiadly meidng presublimstingriedirptanateiiadm t he

pol ariyzi ng £nvi Lon of >rne .magnetic field to a
secong%loca ?%H&8?g§&£Wﬁg&§§%$%ﬁ¥é§%§§%¥%% 2%5%%H%%§|ﬁ1 1e nuclei of the
first matenjal aievigiagarfirzadateisilngbapblath iguke Semadtaddst swefice heagr oup

consisting of (i) dynam c nucl ear polarization, (ii) the Nuclear Overhauser
ef f ectPOWAFE) par ahydr ogen i nduced pol arization, (iii)exposing the hydrogen

et s PR Bl s, g s i, e )
t her eofithin a vessel in a polarizing environment by performing at least one of: (i) decreasing the
temperature of the first material, and (ii) subjecting the first material to an increased magnetic
field, wherein the first material is exposed to the polarizing environment for a time sufficient to
polarize at least one nuclei contained in the first material to thermodynamic equilibrium; and
c) transferring the increased polarization of the at least one nuclei to other nuclei in
the first material while directing the first material from the polarizing environment through a
region of decreased magnetic field to a second location.
29. The method of Claim 28, wherein the high surface area formatted first material is
exposed to *He for a time sufficient to polarize at least one nuclei contained in the material.
30. The method of Claim 28, wherein subsequent to *He exposure, the high surface area first
material is exposed to “He to remove the “He.
31. The method of Claim 28, wherein subsequent to exposure to “He, the first material is
warmed without substantially melting or sublimating the first material, resulting in nuclei in the
material becoming hyperpolarized.
32. The method of Claim 28, wherein warming increases the temperature of the first material
from below the temperature at which the T; of the first material experiences a minimum (T i) to
a second temperature above the temperature at which the T; of the first material experiences a
minimum (T,) without substantially melting or sublimating the first material.
33. The method of Claim 28, wherein the material is maintained in a magnetic field during

the warming step.
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104. The nethod of Caim1l1, wherein the first material is polarized within
a vessel, and the first material is extracted fromthe vessel while in the
sol i d phawe.2oli@B6108 nmet hod for manufacturing a hyper pol acrasdonwmisie al

conpri si ng: a) providing a first material to be polarized; b)
I ncreasing the polarization of at |east one nuclei contained in the first
naterial mﬁthin a vessel; c) transferring the increased polarization

of th ast on to other nuclei the first terial; and

d) ex act fﬁkﬁ ni:‘?‘i]é"dfe ‘?P@F f’ﬁ‘ré?e‘?’l?eé?mfﬂ?eo 5t ﬁ’éte@égléélllre%ﬁﬁi fram the PRIETIZHE] d phase.
106. TheirsmhdRe 2tecdth@idPadPin a\’\@tﬁé @leier than T, adl 14s0endni TSt material includes
a nethyl rotor group; b) the polarization of at |east one hydrogen

nucl ei3Si n tlhe mathdryof ClatnoB4 grisupinitee jeaondrsaltbn inclubes pubegdniatrivorngeep; and
c) the. ncrgagalfﬁﬁiarization of the at |east one hydrogen nuclei is
transfé' BEHRESt nuclei in the first material in the transferring step.

The method of Claim 35, wherein the second location includes a transport cryostat
including a magnet, wherein the magnet applies a magnetic field to the first material at a low
temperature.

37. The method of Claim 1, wherein the first material is polarized using a technique selected
from the group consisting of (i) dynamic nuclear polarization, (ii) the Nuclear Overhauser effect,
(i1) parahydrogen induced polarization, (iii)exposing the nuclei of the first material to
hyperpolarized nuclei of a previously hyperpolarized gas, (iv) exposing the first material to a
brute force environment, and combinations thereof.

38. A method of forming a hyperpolarized solution, comprising hyperpolarizing a first
material that is a liquid at STP in accordance with Claim 1 and mixing the first hyperpolarized
material with a second material to form a solution.

39, The method of Claim 38, wherein the first material is reacted with the second material to
form the solution.

40. The method of Claim 38, wherein the first material includes an acid and the second
material includes a base.

41. The method of Claim 38, wherein the first material includes a base and the second
material includes an acid.

42. The method of Claim 40, wherein the acid includes acetic acid.

43. The method of Claim 40, wherein the acid includes lactic acid.

44, The method of Claim 40, wherein the acid includes pyruvic acid.

45. The method of Claim 40, wherein the acid includes formic acid.

46. The method of Claim 40, wherein the acid is isotopically enhanced at one or more of its
atomic sites by substitution of one or more isotopes selected from the group consisting of °C,

5N, 'H, 21, *'P, “F and *Si.

47. The method of Claim 40, wherein the second material includes sodium.
48. The method of Claim 47, wherein the second material includes sodium hydroxide.
49, The method of Claim 47, wherein the second material includes sodium bicarbonate.
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107. The nethod of C aim 105, wherein the first material is extracted from
the vessel prior to the transferring step. 108. The nethod of C aim 3,
wher ei n twe 2biwmsiodat eri al has been substantial |y purge@#CofUSToanT1EPA
prior to polarization. WD 2011/026103PCT/ US2010/047310 109. A nethod of
perform ng NVR spectroscopy, conprising: a) introducing a
hyper pol ari zed nmaterial nade in accordance with any of Cains 1- 80 or

104-108 into a regjon. of interest: b) transmtti a pul se qf

el ect %gnag_ﬁ@ﬁr%et% ?%Qa}%ﬂowﬁﬂémrt_@%flbﬁﬁ mgferioh{Sdr tl%&tgi& gt etton
hyper peligdic8 8P rieRGARHY AE &kt MRkSGTal dith 2ABFond materifto T65EA YiBHd MYRispect ra
fromthe region of interest. 110. The nethod of claim 109 wherein NWMR

spect 5d. of Tdw niethed ofr@agmipwheramgha figst ygatial sialsoliflaeS Bt dnddhometiodi m 109
wher eifl?ftl'l\lel\r@orsn Ielgetsrrralix?r}cg e fiirsrt] rr\llaité/rl%l %v?t%l secSHd mgtgrqualyt% %irm a solution.
52. The method of Claim 1, wherein the first material is a solid at STP, and the method
further comprises mixing the first material with a second material to form a suspension.
53. The method of Claim 1, wherein the first material is a solid at STP, and the method
further comprises mixing the first material with a second material to form a colloid.
54, The method of Claim 1, wherein the first material is a solid at STP, and the method
further comprises mixing the first material with a second material to form an emulsion.
55. The method of Claim 1, wherein the first material is a solid at STP, and the method
further comprises mixing the first material with a second material to form a composite material.
56. The method of Claim 1, further comprising encapsulating the first material in an
encapsulating medium.
57. The method of Claim 56, wherein the encapsulating medium is porous.
38. The method of Claim 16, further comprising storing the first material in a hyperpolarized
condition in the transport cryostat and transporting the first material in the transport cryostat to a
site remote from where it was hyperpolarized.
59. The method of Claim 58, further comprising the step of transporting the first material to a
location within the fringe field of an MR system.
60. The method of Claim 59, further comprising increasing the temperature of the first
material from a first temperature below Ty, to a second temperature above Tyin.
61. The method of Claim 60, further comprising the step of disposing the first material in a
mixing device within the fringe field of the MR system.
62. The method of Claim 61, wherein the first material reacts with a second material within
the mixing device.
63. The method of Claim 62, wherein a magnet of the transfer vessel is turned off prior to
performing an MR system operation.
64. The method of Claim 36, further comprising storing the first material in a hyperpolarized
condition in the transport cryostat and transporting the first material in the transport cryostat to a

site remote from where it was hyperpolarized.
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112. A nethod conpri sing: a) hyperpolarizing a material suitable for
bei ng netabolized in a biological process in accordance with any of C ains
1-80 or 1WO-2008526103 b) introducing the hyperpol ari ze#Cratsesiak73int o a
region of interest; and c) receiving NVR data or MR inmages indicative
of nmetabolismof the hyperpolarized material. 113. The nethod of Cains 104
or 105, wherein the first material is isotopically enhanced by substituting
one or

more.of its mc sites with at |east ope of 129Xe, .13C, 15N, 1H,
on a1 greanmahond o o7 i BeriompeRlae B3k OF el ueitAg UF FybRHSBRMRI oo
mat er ij§daibRkWiRth e FRASH Mdd bPad MR BrReess of any of Cainms 1-80 or 104-108.
115. A beneficial agent includinga nmaterial having at |east one nethyl

gr oup,66wherldiemathesd efrlbmm Ohfoltkér opinphismgtihacaspighih tagrppuguieoftyprspol ari zed

i s ada and ctonfaibg%lerﬁad to be in a solid

o0, 6L P53 OB TR b B RPN FRTASH £,
67. The method of Claim 66, further comprising the step of disposing the first material in a
mixing device within the fringe field of the MR system.
68. The method of Claim 67, wherein the first material reacts with a second material within
the mixing device.
69. The method of Claim 68, wherein a magnet of the transfer vessel is turned off prior to
performing an MR system operation.
70. The method of Claim 58, further comprising increasing the temperature of the first
material from a first temperature below T, to a second temperature above Ty, while the first
material is situated in the transport cryostat or while being directed into a transfer vessel.
71. The method of Claim 70, further comprising directing the first material into the transfer
vessel, wherein the transfer vessel is adapted and configured to maintain the first material at an
elevated magnetic field and at a temperature lower than the melting point of the first material.
72. The method of Claim 71, wherein the transfer vessel includes a magnet and the
temperature of the first material is maintained in the transfer vessel at least in part with the aid of
dry ice.
73. The method of Claim 71, further comprising mixing the first material with a second
material to form a mixture.
74. The method of Claim 73, wherein the mixing step includes melting the first material in
the presence of an elevated magnetic field.
75. The method of Claim 73, wherein the mixing step occurs while the first material is
situated in the transfer vessel or in a further vessel in the fringe field of the MR system.
76. The method of Claim 73, wherein the first material reacts with a second material within
the transfer vessel.
7. The method of Claim 73, wherein a magnet of the transfer vessel is turned off prior to
performing an MR system operation.
78. The method of Claim 1, where the first material is deuterated.

79. The method of Claim 78, wherein the first material is partially deuterated.
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80. The method of Claim 78, wherein the first material is fully deuterated.
81. A system for manufacturing a hyperpolarized material, comprising:

a) means for delivering a first material to be polarized to a polarizing region
including a methyl rotor group;

b) means for increasing the polarization of at least one hydrogen nuclei contained in
the methyl rotor group of the first material while in the polarization region; and

c) means for transferring the increased polarization of the at least one hydrogen
nuclei to other nuclei in the first material.
82. The system of Claim 81, wherein the first material has been substantially purged of
paramagnetic agents and polarization agents prior to polarization.
83. The system of Claim 81, wherein the means for transferring includes means for directing
the first material from the polarizing region through a region of decreased magnetic field to a
second location to facilitate the transfer of polarization from the at least one nuclei to other
nuclei in the first material.
84. The system of Claim 83, wherein the means for directing is adapted and configured to
transfer the first material from the polarizing environment through the region of decreased
magnetic field to the second location over a time period greater than T, but less than T;.
85. The system of Claim 84, wherein the means for directing is adapted and configured to
transfer the first material from the polarizing environment through the region of decreased
magnetic field to the second location in less than 1.0 seconds.
86. The system of Claim 84, wherein the means for directing is adapted and configured to
transfer the first material from the polarizing environment through the region of decreased
magnetic field to the second location in less than 0.1 seconds.
87. The system of Claim 84, wherein the means for directing is adapted and configured to
transfer the first material from the polarizing environment through the region of decreased
magnetic field to the second location in less than 0.01 seconds.
88. The system of Claim 84, wherein the means for directing is adapted and configured to
transfer the first material from the polarizing environment through the region of decreased
magnetic field to the second location in about 0.001 seconds.
89. The system of Claim 83, wherein the second location includes a cryogenic environment

with a magnetic field.

45



WO 2011/026103 PCT/US2010/047310

90. The system of Claim 89, wherein the second location includes a transport cryostat
including a magnet, wherein the magnet applies a magnetic field to the first material at a low
temperature.

91. The system of Claim 83, wherein the first material is in a solid state after polarization and
the first material is directed to the second location by accelerating it with fluid pressure.

92. The system of Claim 91, wherein the first material is directed to the second location by
directing it through a conduit with a compressed gas.

93. The system of Claim 92, wherein the first material is directed through the conduit by the
compressed gas at a speed in excess of 10 m/s.

94. The system of Claim 92, wherein the first material is directed through the conduit by the
compressed gas at a speed in excess of 100 m/s.

95. The system of Claim 92, wherein the first material is directed through the conduit by the

compressed gas at a speed in excess of 1000 m/s.

96. The system of Claim 92, wherein the compressed gas includes helium.
97. The system of Claim 96, wherein the compressed gas includes “He.
98. The system of Claim 83, wherein the second location includes a melting vessel for

melting the first material.
99. The system of Claim 83, wherein the region of decreased magnetic field includes
magnetic shielding to lower the strength of the magnetic field in the region of decreased
magnetic field to a magnitude less than the Earth’s background field.
100. The system of Claim 83 further comprising means for warming the first material while in
the polarizing environment.
101.  The system of Claim 100, wherein the warming means increases the temperature of the
first material from below the temperature at which the T) of the first material experiences a
minimum (Tpip) to a second temperature above the temperature at which the Tj of the first
material experiences a minimum (Tpis) without substantially melting or sublimating the first
material.
102. A system for manufacturing a hyperpolarized material, comprising:

a) means for providing a first material to be polarized in the form of a high surface

area powder;
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b) means for increasing the polarization of at least one nuclei contained in the first
material within a vessel in a polarizing environment by performing at least one of: (i) decreasing
the temperature of the first material, and (ii) subjecting the first material to an increased magnetic
field; and

c) means for transferring the increased polarization of the at least one nuclei to other
nuclei in the first material while directing the first material from the polarizing environment
through a region of decreased magnetic field to a second location.

103.  The system of Claim 81, wherein the nuclei of the first material are polarized using a
technique selected from the group consisting of (i) dynamic nuclear polarization, (ii) the Nuclear
Overhauser effect, (ii) parahydrogen induced polarization, (iii)exposing the hydrogen nuclei to
hyperpolarized nuclei of a previously hyperpolarized gas, (iv) exposing the first material to a
brute force environment, and combinations thereof.

104. The method of Claim 1, wherein the first material is polarized within a vessel, and the
first material is extracted from the vessel while in the solid phase.

105. A method for manufacturing a hyperpolarized material, comprising:

a) providing a first material to be polarized;

b) increasing the polarization of at least one nuclei contained in the first material
within a vessel;

c) transferring the increased polarization of the at least one nuclei to other nuclei in
the first material; and

d) extracting the first material from the vessel while in the solid phase.

106. The method of Claim 105, wherein:

a) the first material includes a methyl rotor group;

b) the polarization of at least one hydrogen nuclei in the methyl rotor group is
increased in the polarization step; and

c) the increased polarization of the at least one hydrogen nuclei is transferred to
other nuclei in the first material in the transferring step.

107.  The method of Claim 105, wherein the first material is extracted from the vessel prior to
the transferring step.
108.  The method of Claim 3, wherein the first material has been substantially purged of TA

and EPA prior to polarization.
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109. A method of performing NMR spectroscopy, comprising:

a) introducing a hyperpolarized material made in accordance with any of Claims 1-
80 or 104-108 into a region of interest;

b) transmitting a pulse of electromagnetic energy into the region of interest to excite
the hyperpolarized encapsulated material; and

c) receiving NMR spectra from the region of interest.
110.  The method of claim 109 wherein NMR spectra of an in vitro sample are analyzed.
111.  The method of claim 109 wherein NMR spectra of an in vivo sample are analyzed.
112. A method comprising:

a) hyperpolarizing a material suitable for being metabolized in a biological process
in accordance with any of Claims 1-80 or 104-108;

b) introducing the hyperpolarized material into a region of interest; and

c) receiving NMR data or MR images indicative of metabolism of the
hyperpolarized material.
113.  The method of Claims 104 or 105, wherein the first material is isotopically enhanced by
substituting one or more of its atomic sites with at least one of 129Xe, 13C, 15N, lH, 2H, 31P, g
and *Si.
114. A beneficial agent including a hyperpolarized material formed according to the process of
any of Claims 1-80 or 104-108.
115. A beneficial agent including a material having at least one methyl group, wherein the
carbon nuclei within the methyl group is hyperpolarized and wherein the beneficial agent is

adapted and configured to be in a solid state outside of a polarizing cryostat.
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