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application clains the benefit of the filing date of

U S. 5 Provisional Application No. 60/896, 727, filed

on March 23, 2007, and U. S. Provisional Application

No. 60/849,900, filed on Cctober 5, 2006, the entire
contents of which are incorporated herein by
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Description of the Related Art

Compounds containing a chalcogen element, i.e., those in Group 6 of
the periodic table, but excluding oxides, are commonly termed “chalcogenides” or
“chalcogenide compounds.” These elements are sulfur (S), selenium (Se),
tellurium (Te) and polonium (Po). Common chalcogenides contain one or more of
S, Se, and Te, in addition to other elements.

It has been recently shown that treatment with chalcogenides
induces stasis of biological matter and protects biological matter from hypoxic and
ischemic injury. In these studies, it was demonstrated that hydrogen sulfide (H;S)
gas, a potent inhibitor of oxygen consumption, can reduce metabolism and protect
mice and rats from hypoxic injuries (PCT Publication No. WO2005/041655).
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of a nunmber of animal and human di seases, particularly
hypoxi a and i schem a- rel ated di seases and injuries. 5
w@eoosaizschal cogeni de conpounds (e.g., hydrogeprCHUbi0TE80613
and hydrogen selenide), are not stable in the
presence of oxygen due to their ability to react
chemcally with oxygen, leading to their oxidation and
chem cal transformation. For exanple, the chem ca
transformation of sulfide limts its use as a

ARBLAR It tooeh michedabohas et heenarpealht dansidst v adnedian oas,
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r?g?egd dis ?I%ﬁ ?’Ef'nj@lﬂsf ate, thiosulfate, polysulfides,

di t hi onat gerfaf aﬁmb%& caﬁgo@rﬂd%%ry ahydrbgéniSdifide and

Thus, the rapid oxi on of sul fide during storage

Hyidnagen selenide)e ass nat stablphia theppresenesbf @xygen dugdo their ability to
ha rraceutl I.b nefi.t |ent
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manuf act ured, and desi gned for standard routes of
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FeR8h ] xRSy bEEME -of SUlfibie Geclide oﬁgelnnedrbaﬁ cﬁcbbhcﬂel raridinherent

its -2 val ence state, either as or as a
roelef sopurities ghat CaRAMSI U2 B1iXtere Of oxl%%ttowyd%ts (e g., sulfite,

SR DRRY o SRS S BRI S sy

THuse tfSrapRBoddaticrasiaifide duringestofage! liehitiLits msje asa
emergency, or in critical care in response to a

rharmecewlsial 80 ury or 25 |ife-threatening medi cal
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eerossont ety 1 b%) BBe thP P SRR eI ecfteel

donViasTHAPN of chalcogenides, including those containing sulfide. Sulfide is

defined as sulfur in its -2 valence state, either as H,S or as a salt thereof (e.g.,

HP

NaHS, Na,S, etc.) that may be conveniently administered to patients, both in a
controlied medical environment e.g., for treatment of disease, as a treatment in the
field during an emergency, or in critical care in response to a catastrophic injury or
life-threatening medical event. The present invention meets this need by providing
novel, stable, liquid pharmaceutical compositions of chalcogenides, which are
demonstrated herein to protect animals from injury and death resulting from
hypoxic and/or ischemic conditions, as well as other injuries and disease

conditions.
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The present invention provides |liquid conpositions of
chal cogeni des, as well as nethod of preparing and

wWaigim@430Be sane. I n one enbodi ment, the presenPCT/US2007/080613

i nvention provides a conposition 5 conprising a
stabl e liquid pharmaceutical chal cogeni de or

chal cogeni de conpound or salt or precursor thereof in
a pharmaceutically acceptable carrier, wherein the
concentration, pH and oxidation products of said

' | ' d | t i
R SRR AR Y o TR RIE o o it rer - storage
of said | ThdiglesditinRHEYH PFRiIdELRRMS cobmPBsitidfs biichalcogenides,

various enbodi nents, the chal cogeni de conpound or
asnuelbay methrd ebpreparng ané usieg the samene gr oup
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nhiRTsir R etibleiduid phBenadtitic a0l b epRIgRS oI cvGenide

chal cogenide salt is selected fromthe group _
qoBMiuag; aigalifor pressEsorNaersef ina pkarmagesdicaliy-giceptabie carrier,
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sHaRdogea Rz cdenpumad s yditoemalralvititigeniatige oflatceptaned Eitdea after
and has a concentration in the range of 95 mMto 150
sianageof saidt ljasid phargrassstical SPTPRBEIPBI n sai d

chal cogeni . : ] j

Curt i ag. AR QP eHAdsRlents g LBuERSETE CoRBR NS Br
dHasbgehiiétsaltdd ¥eleotaaifoorh tHO GPGupadomststiag i tie, S| 0BKE, baHS, K,S,

b 95% 100% by wv. | ' di ,
{HS. RoeRiGoae (NouraniN s Ped: Mas- e 78, and Bag!
embodi rrenthgotr%% Shis! EH% Aty eRidd dbriptundesidhafiogenide
) n nbodi has

6.5 to 8. one e nment,” the conposition
it i9spietedioorhdd gafup assistingaf ldrSes iNmBet NaBSeM:$e KHSe,

SRR T pFRTISS BAH A4 Ao TR BES%E pase
D odUct & T e o 1 5. or
chdidddemidesdltis subidgandhas esmept@iiordrihesao0e 0H86 61 to 150
M.

In particular embodiments wherein said chalcogenide compound or
chalcogenide salt is sulfide, said sulfide is present in amounts ranging from about
80% to about 100%, about 90% to 100%, or about 95% to 100% by w/v.

In particular embodiments, the liquid is sodium hydroxide.

In certain embodiments, the composition has a pH in the range of 6.5
to 8.5.

In one embodiment, the composition has an oxygen content of less
than or equal to 5 uM.

In one embodiment, the composition further comprises one or more
oxidation products selected from polysulfide, sulfite, sulfate and thiosulfate. The

oxidation products may be sulfate in the range of (0%-1.0%), or sulfite in the range
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of (0% 1.0%, or polysulfide in the range of (0% %
or thiosulfate in the range of (0% 1.0% . The storage

w@eoosodosny be about 3 nonths at a range of (2BERU¥2007/080613

6 nonths at a range of (23-£7) 5 In one enbodi nent,

t he conposition has an osnolarity in the range of
250- 330 nCsnol /L. It may be isotonic or near isotonic.
In certain enbodi nents, the conposition is stored in
an i nperneabl e container. I'n other embodinents, the

O%Z&yoﬁ@/l ? &é&%ﬁ e Gg rﬁj@ﬁc’geesof (Og/g]?‘!/%l or tr%os f%t(gl %etﬂte'range of

netriam nepentaacetic acid (DTPA) or
defer m ne. DTPA may be present in the range of 0.1
mMto 1 OTthtcEDagelpexiacrhIm/ berabtd I mogthscdt adrabgeidf (28427°) or

mM ln gne enb o L he conposition further
60'6‘9{1#?3@ r&”gﬁo ﬁﬁrﬁ? 'ng agent. The pH nodifying
agent nay |r§8h@%h%dfrﬁé’ﬁf‘ tHRCcdM LM &1 bSGolak®y Rithe range

car bon di oxi de, sodi um hydroxide, hydrochloric acid or
dﬂ?&ﬂfﬁj!@rm@tsh"fqllde It may hedsdtonicarinedr isetanic.t he

composi tign r.t her ris a uc:|n agent. The

Cothor ng. dbecitdiapncehBBMso e Srmaditr ST an MBermeable
copfshest i ng of : d| thiothreitol (DTT) or gl utathione.

The anount of dithiothreitol (DITT) may be in the

range of O othexembodimentshibeompasition fgrtnerancrmms@smghelatmg

Bpbar e Ar P aGeaody bE RNy atiMiame ik apTem or

dethokaiirkC Y PPAGhay BE Prédertin thdiraAye sEOMaNNEDL NBynNe
selected fromthe group consisting of

Q@‘ewarruwmzths range oe0Aandt iyl Mdhr oman- 2- car boxyl ic

acid) (Tr T

Hydr ochl o? gggﬁ%ﬁggﬁé%é‘%ree raé@yn}lgggﬁ agH
fBYifyiey gériti THer s rm?mg dbest ﬁfa@%deiﬁed:ﬁbrrsthe\gemgsconsstmg
may be seI ected fromt group consistin

af- earbon gioxsiee $pAiim hW@Xl@pBN;d roghlgn@ agid tcg?\ygmqqﬁulf de.
2 oy TR rbBBURGH e sompestionuney gmorses o
redB&RPabent. MTien aidieingeadend nsrise sélbeted cﬁnqm)met groop consisting of:
furt her S a _preservative,
diljotbieitobREDe dutamianes Hioapoushel @ﬁ'%fe&f) Gt ay bein
tﬁgggréé)ed'gp(?]i rﬁ)ﬁrljo Slg’looﬁ{eoésr%&r?’t of glutathione may be in the range of 0.1
mMto 1 M.

in a further embodiment, the composition further comprises a free
radical scavenger. The free radical scavenger may be selected from the group
consisting of (6-hydroxy-2,5,7,8-tetramethyl chroman-2-carboxylic acid) (Trolox) or
Tris(2-Carboxyethyl) phosphine Hydrochloride (TCEP). The free radical scavenger
may be a spin-trap agent. The free radical scavenger may be selected from the
group consisting of: N-t-butyl-phenyinitrone (PBN), 2,2.6,6-tetramethylpiperidine-N-
oxyl (TEMPO), 4-Hydroxy-2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPOL).

in another embodiment, the composition further comprises a

preservative. The preservative may be selected from the group consisting of
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5 benzyl al cohol, phenol, nethyl paraben, ethyl
par aben, propyl paraben, butyl paraben, or

wheosalioesni um chl ori de. The preservative may bRCPUSREN080613

in the range of benzyl al cohol (0% 2.0% (w v), phenol
(0% 0.5% (W v), nethyl paraben (0% O0.25% (wv), ethyl
paraben (0% -0.25% (w v), propyl paraben

(0% -0.25% (W v), 5 butyl paraben (0% -0.4% (w V),
benzal koni um chl oride, (0% 0.02% (wvVv). In one
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R A e i A
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equi val enin ofe sodiodimentdens edeivalentof iysroggiesdfide gagis
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A PBSHBRM BN pANA t rdrgeof BRI 85, 8de8molaityinMheaange of 250-
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further rel j o ° I\,
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hydr oxi de j5 glrélatsdnempbainfint, orgaédlivaient ¢fihydragapasilfideogas is

has a pHin the range of 7.5 tg 8.5, an os Iar.it,¥ in .

disrolvachintpeond eauivalgBtofRasHN hydroxidessqltian. Whereipdhg fesulting

| ess r I ' ' ' ;

SoFiRRARE e B g Barvsitr £ 83,50 SRioMAfy Rrahg8 of 260

<k mb;jsWQ)I/LUQEU(S:}?gel?' bentpnesfdess thanemteqaal tous kheand compfrises
rovi des net hods of preparin i qui conposi.tion o

<§<i<§ﬁ1i0ﬂ Riedugls eapihe ﬂageeg?&ﬂ%g %-5?)%%%@%% SHEeB4s fordive onths.

conpri si ng; : :

sul fide ggg y%ﬁ%cf)%%z%%géageqrﬁp% ent’%e%uéﬁl%ﬁ@wg??gi " _

QUIRIBIGAsE dissuhngebistd oroneqiivaleht ofcedium By dipxideosaligtian yherein

o s e panos T B B LB G SMobflyh e
OB 250 R0rPOSRY| D Qleredhicntfises haTRERRLAN Do =
NP4 3REIatiBE Proh2as ar@Beaagge of 1% - 2.0%(w/v) after storage for five
months.

The present invention further provides methods of preparing a liquid
composition of a sulfide suitable for administration to an animal, comprising:

(a) Dissolving one equivalent of hydrogen sulfide gas into one
equivalent of liquid, thereby producing a composition of sulfide; and

(b) adjusting the pH of the composition resulting from step (a)ytoapH
in the range of 6.5 to 8.5, wherein said composition thereby producing a liquid

composition of a sulfide suitable for administration to an animal.
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6 In certain enbodinents, the pHis adjusted by the
addition of one or nore or hydrogen chloride, carbon

walk@giogd®s1 sodi um hydr oxi de, and hydrogen sul f PABPUS1007/080613

ot her enbodi nents, the pH i& adjusted by dissol ving

ni trogen, carbon dioxide, and/or hydrogen sulfide
into the conposition resulting fromstep (a). The 5 pH
may al so be adjusted by dissolving a conbi nation of

ni trogen and carbon di oxi de or a conbi nati on of

Ul 1 g T FeItR1G COTPARIPOMe, thecRH i3 AUSIeH &Y e AEge of one or
rRCHeWTIHEH J@éndérﬁoﬁ%ev'cgﬂ)ow 8%888% dh fH}[ﬁFox‘iJét %ngh’ﬁgrogen

conp05|t|on resul ting fron1step
sutfidehdn otfcmmmtscmllmeptssthmm-l umadjustedlbayrdlsgol‘uhg nhmgebOcarbon

R Sl B ERSts D R R RS Pt . e
JHJHa'QQJIS&Qé‘BBju%%o%yS@@Q@IWﬁ@ 4 EsmbiRERaS bi hl%?erﬁ 8Rd chidm

fromstep (b)" under” i nert atnosphere or e gas into
didxidhe opa combination of |narqgenmdmedrmmsdﬁdmmt¢ thet ¢rmposition

B8UHG g Bb 0. 1B s5EP PR i Puels af R iR
yﬁ mlnf@#le%mltmgﬁﬂmgﬁohﬁ&%p (gpan or equal

for about six nmonths. |In another enbodi nent, the
pr esent i mhemeetbadimey fudber eompriseadiusting thei asnalaty of the

B DS TSRS SHI RSP 3Re P 1 g0 0

RO8RFLIIon has a pHin the range of 6.5 to 8.5. In
one enbodi ment, the containers are |ight-protective
such as disenethpdinaay furtheneemerisesaansias the eamaposition

ESMRE FBs8h SRR HER e P ile Bl ylb hgh-prhctve

Viglert atnmosphere or nobl e gas In particul ar
enbodi nents, the inert or noble gases may be Heli u;&e

(He), Neod h@mgthoﬂwfwmpy compm aﬁdm@p xRN o 308 |
(@%ﬂgﬁ I’%@]&l z%gj)t her rel ated enbodi ment t he
|nvenpgon pro

€s a nmethod for treating
human di sempartieular eimiodiraénts dfitted mgittuals, ttet eryigah content is less

tﬁgrﬁ) %? ggugl to 5 uM for about six months.

In another embodiment, the present invention includes a kit
comprising one or more containers comprising a composition of a chalcogenide or
chalcogenide salt, wherein said composition has a pH in the range of 6.5 to 8.5.

In one embodiment, the containers are light-protective, such as
amber vials. In another embodiment, the containers are gas impermeable.

In certain kits, the composition is stored in said container under an
inert atmosphere or noble gas.

In particular embodiments, the inert or noble gases may be Helium
(He), Neon (Ne), Argon (Ar), Krypton (Kr), Xenon (Xe), or Radon (Rn).

In yet another related embodiment, the present invention provides a

method for treating human disease or injury of a biological material exposed to
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WD 2008/ 043081 PCT/ US2007/ 080613 7 ischem c or
hypoxi ¢ conditi ons conprising contacting the

whieBogiosal material with an effective anmount POf/US2007/080613

conposition of a chal cogenide or chal cogenide salt. In
various enbodi nents, the contacting is intravenously,
intradermal ly, intraarterially, intraperitoneally,
intralesionally, intracranially, 5 intraarticularly,
intraprostaticaly, intrapl eurally, intratracheally,

i nt ranas . intravitreall i ntrava

i% §MICOF é{p >§)c cpag,upelaq pg;npq@i%(g sopkasing ﬂve blologlcal material with
ér{‘ ffé’dTHé%‘r‘:‘\&l{rlt %f a'cBH fiohtd? %ﬁﬂa‘ldbgehﬂb@r%‘a\'c%@}e?ﬁde salt.
travesicu

cut aneou subconj unctiva
rrucos ally,ln Natlmlaoembodlrrterm Ithe comtacmg'dsuhirawdﬂo;asly,

infiaanealy “biadendl ntben@hEaly, intplesipBibo iattandy,
.ﬁﬁé&"ne&bﬂg |n9¥pr%9tdt|[3§'9rﬁ{r9ﬁbeupé(ﬂy| PEatrbésshipeintranb oy,

via a catheter, or via a |avage. In particular
|B’trbwtrealbmurﬁravsag|rtally;haﬂraregaﬂydep@ally; hlatraiug‘@naltYe indr@musicglarly,

Rﬁ'@éec ttedggl &mmf %e Ig ou%obgg{] Sletsokm) coPng Y_%alngggesmularlly,
M&saﬂzsmtr%é‘ncawﬂII)B@lﬁradrﬁblﬁé’éIM tradtulardng dbragptiseally, by

sai d al cogeni de or chal cogenide salt is 15 sel ected
ihjestion,Hay igfusigy, bm@ntamucwg infusion2 B absprpdien, aggsorption, by

a8 ot B8 locd 4 et din oy HAter or kBl bR 1C”

' schem C Ok pBMQ@)@r“enﬁb&ﬂhbm@nsélG%‘hblc&gémdmoal@hallcbgemye salt is
to the material, the onset or prog%es& on of a disease
3

selected ot the! group £easisting thfe HoBit MaisaINaip, Hedti®idghary CS25.

@Lﬂiﬁeéﬁ%ﬁ“%% ﬁ\?%% ﬁ na(r:%:ryrglogsplt ont Ik}:fore t he

th ury, behoagiduke ehﬁmﬁmehtspsalgroha&bgemdé drlshalcogenide salt is
I sease, bef ore henorrhaging of th ial
%ﬁ'%t@ﬁﬂ ér@m mguﬁ@ﬁmlstﬂ%ofn'ﬁgéﬁ REEREY '@&%‘%3{2 W{ﬁ‘? Rbzse,

It i e u t
%g SSI % [\(ﬁqﬂ%% Ségggélvfg@e tbége ggsﬁenorrﬁ%gl ng of
t he mat er ||alonelethEmenbcmb isehémid dnd'uypnp(lmrqondmohrresmltmfrom an

PG g Patesat T PGB ProBBes P o e RSP AaRtCEVe D affects
fRURAeRbI, bF nEMBHRASHIRY HHthE nidiErial.

In another embodiment, the material is contacted with the
composition before the injury, before the onset or progression of the disease, or
before hemorrhaging of the material.

In a different embodiment, the material is contacted with the
composition after the injury, the onset or progression of the disease, or the
hemorrhaging of the material.

In one embodiment, the injury is from an external physical source.

In a particular embodiment, the injury is a surgery.

In certain embodiments, the material is contacted with the

composition in an amount and for a time that protects the material from damage or
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conposition in an amount and for a tinme that protects
the material from danage or WO 2008/ 043081

WERODBOEDSD7/ 080613 8 death resulting from t heP€TUS2097/080613

t he onset or progression ofgthe disease, or
henorrhaging in the material. In related enbodi nents,
the material is selected fromthe group consisting
of: cells, tissues, organs, organisns, and aninmals. In
specific 5 enbodlnents the material is an animl, and

ciﬁaﬂg" SR e BT LR o Drord T b AR

éﬁﬁf mtﬂb%%ﬁal I n anot her t he bi ol ogi cal
mat er i s to be transpl ant ed. In yet another, the

bi ol ogi calln r&ia’@dlﬂhb(b@n@ntsr, ftlwmﬁt&rial iﬁpmieqlsd f.mm' ihewgroup
rtlc bi.o

G isng o, BN tsRlied orBARS rdiims o BhBIPS 16 3ppsific
m@mﬂhé}ﬁaﬂ‘ﬂﬁl BRMFRAIaY] SEinPhorEHpdeifo\WmMisddinents, the

Figure 1 is a draw ng i [lustrating sul fide oxidation
ywel s memeealad alumanpH range of 7.0-9.0 when the

concent r att e SmeEkiretF iR BHERF el chitprite; pisigets

Fi gure 2 ilg apotiefthe Bidlbgioatrateriatis td ee dandplantl.
products that are detected in an aqueous sulfide

30| uti on am yet Wth@né’@ iplogiaal materiatiigat iskFor eepgrigsigpHniury-
S0 o S ] PO

r(émguha@&ba@mceutl cal 20 Conposition |V). Figure 4
is a graph that conpares sulfide stability in

conmpositions of H2S (Liquid Pharmaceuti cal

gﬁﬁ'{)@?@vﬁ]ﬁgu N feFrHL‘Z?E@Eﬁ%«L é%ﬂf HRIDRIAVIRIG(S)

e synthetic c
Di et hyl endligurent IS@D@‘BWMQ’JGUStcat&IgI siJIf(dBT@Ac)Iatidﬁ speceEs detected at

SPOIa0S of 29 4DAATCR e GRTENT S heuldR P SEeAP tan the
et B Ol LBl B B e i & 11 Guid
conposi t i dfigure Zigdr dgeving Blustiatitg thezgjdation guedicts that are
%}%tgaﬁg gtgléc%%leous Qﬁl?ée SOI?JtIOﬂ a rI-FPaerl\rg%doflfo-grb

Figure 3 is a graph depicting sulfide levels over time for three
different preparations of liquid compositions of H,S (Liquid Pharmaceutical
Composition V).

Figure 4 is a graph that compares sulfide stability in compositions of
H,S (Liquid Pharmaceutical Composition 1V) over 129 days, manufactured either
with or without the synthetic chelator, Diethylenetriaminepentaacetic acid (DTPA).

Figures 5A and 5B are graphs depicting levels of oxidation products
measured (i.e., sulfite, polysulfide, thiosulfate, sulfate and an unknown oxidation
product identified at 37 minutes) over 129 days in a liquid composition of hydrogen
sulfide (H2S) (Liquid Pharmaceutical Composition [V) prepared in an oxygen-free

environment, either in the presence (5B) or absence (5A) of DTPA.
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environnent, either in the presence (5B) or absence
(5A) of DTPA. WD 2008/ 043081 PCT/ US2007/080613 9

wo2@ane3081 i s a graph of the pH |l evels of a |i geeTus2007/080613

conposition of sulfide, 97 nmM H2S (Liquid

Phar maceuti cal Conposition |IV) neasured at specified
intervals over a 129 day period. Figure 7A is a graph
denonstrating urinary thiosulfate excretion 5

followi ng a bolus injection of Liquid Pharmaceuti cal
Conmpositign IV. The graph depicts the anpunt of

Chi osul f atBYE A8 RaraPR of Hie Rif lenels! 3 i faMpEBan of sulfide,

51 TR PR P A RS PP ) 9 o o

ibteirveds bugrex 29 dappetiodui d Phar maceutl cal Conposi t| on

I'V. The ¢ icts t unt of

masur o FBHS A A EeR WnSﬁ"F%%H@@arysimsg‘%ﬂ?ﬂtegcreﬂon
fgﬁé\blﬂﬁ"ﬂ%ﬂ g{‘éﬂﬂoﬁtdﬁ& rﬂ?ﬁe@:tlgé\ ('Jémﬁogfl@fpt\/ The graph

I osul s neasured in a rat
dBpicts méémonnmftthlopaifatednéasluremm@t aribe btithei inflisateddime points

ui d .Ph ceutical Conposition IV (1 nmg/kg). In
fPIH‘?‘%'” ﬁﬁit’ﬂ)msﬁf”@gﬁ was drawn fromthe carotid artery

15 and sa | 2/ §lelph ahoWird urtRPs uRdte eXxBrRbATElidiing a
GC-MS. Fi gmélgégé#fss g'tagr apﬁ sﬁd(}\JM ng brood sul fide no

badveingeationsiiLiglid Rharmageutiogldtomposition\hul ke peanhodepicts the
fol | ow bol us

f
I W R L T I PAC e
sHrAistftign) t he carotid artery and sanples
deriviatized with PFBBr and anal yzed by GC- M5

Figure 9 fsgwregarﬁa;sra gliaphi shgwing:bleed @l@@dﬁa@ @Yﬁ@r'ﬁ?ﬁ‘i‘ﬁed ina

tl
r@[f%{ﬁ?ﬁ %H&)}g}lﬁgtgaﬁnio@j?l E{g% otlti@?‘n %gg%f_ﬂg)‘?%ﬁ'arglaceutlcal
@Mrﬁ%élﬁoﬁwﬂ@’( Mgk, (4 %i92iudy Thieot Imedraanﬂ”om Ithet tarotid artery
Infusion was started and stopped and the tines at

awd sampleg sistivatizas! \NWB’fB@f@@Hcﬂn@Wéﬁg by2C-MPBar t ed and
st opped ﬁ{ﬁ@%%?%%ﬁra h%\nﬁﬁ%?lo%g suRiic® KRS ﬁ{éa%feﬁfm a rat

graph co AR neasur ed over

SNer@GZA)- Afinute peried fsipedng 8 bbmomeetuém% quldtmarmmeuncal
ei ther infused with vehicle or treat éj tth ed
Ramgositigdy d1 Prakdade this @jSde, blood was drawn from the 2arotid artery

and samples deriviatized with PFBBr and analyzed by GC-MS.

Figure 9 is a graph showing the core body temperature over time of a
mouse (MJVCO7) infused with NazS (Liquid Pharmaceutical Composition 1) and
exposed to hypoxic conditions (4% O). The times at which the infusion was
started and stopped and the times at which exposure to hypoxic conditions was
started and stopped are indicated.

Figure 10 is a Kaplan Meier graph comparing the survival rate
measured over time of C57BL/6 mice exposed to hypoxia (4% O;) that were
either infused with vehicle or treated with infused NazS (Liquid Pharmaceutical

Composition 1).
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Conposition |1). WO 2008/043081 PCT/ US2007/ 080613 10
Figure 11 is a graph depicting the serum AST and ALT

wo eonslog3o8f mce treated with the indicated anptmus2001/080613
Li qui d Pharmaceutical Conpasition |IV. AST |evels
achi eved statistically significant reduction at the
hi ghest tested concentration (3.0 ng/kg). ALT levels
were reduced in the three treatnment groups 5 (0.3
ng/ kg, 1.0 ng/ kg, and 3.0 ng/kg) conpared to vehicle.

Sigt Ioit I( S 9%{?3 19%3,953@@8%!& Vaihlfge%jgng:&)ﬁ? ,ngplg{.'[alevels of mice
tReREivitA @hé Rl S Souht¥ d?ldiﬁ@P‘h%rrﬁh&@utfcb?@Bﬁfﬂ)os%ﬁ Iy,

the i1 ndicated anounts of [ 1Tquid pharnmaceuti cal
ADhiayelst achieved siatistically sngaf eamtgeduetidnyatdhg higheshtested

| 0.01 di .
Bngantandz dnghete At deyPamieté ke g fHEeE Bt groves
(bSReNJ q”(ﬁm@fkgpbﬁé 3ta eRNe c‘b‘lﬂdéréd?féﬁvéﬂlélée'Sté?tls'hBalbhﬁgmflcant

presence or absence of Liquid Pharmaceuti cal

ree)aipespf 060 (FM“@@Q}%&""IQW indigatesB show the results

F gur o 14 A IS RBE BB o M dh BN LB RHON 6 voaro

withiheGh&dafed arddurits @hgmuaadmrm@@@utfm tOmpbsitibMef sulfide.
éaesence of control vehicle or uid Pharnmaceuti cal

tigtioaily significent g=vglyes of §.05( *ha@ql aﬁﬂ 0ddp) ere gligated.oad

esponse ek HER A 138 pleBidbn §8é'c“§§’tﬂé“°% dpdy”
te RiiefatBreOsf d;gauedteahﬁmég Rihges iGang prasienoe oHdbsé’rEbe of Liquid

Figure 16 is a graph depi ctlngI pecent AAR or
Rharmacsutigal ompasdiondvi Figeiesrish auchi 3 shew ”Il? &Eﬁ%ﬁs obtained

fF%ﬁ[“”@%;#&l"ﬁg"tS%‘[ﬂ)ﬁ%?Idg%'bré)\){de&_" gure 17 denonstrates

Ficu IS animals before or after
car di opul eyl 44y pagraph ﬂephen@nﬂamhsmem pigsrsubjected to

vehi cl e or hydrogen sulfide. ure 17A i s a.graph
ngefmmﬁganderﬁpev@ﬁ@m inthetrespeerof cr%nérﬁl Yehie psLintid

Ipﬁérﬂ{a%eap%l%f&rﬁ dhopul nonary bypass in the

presence 0 vehlcle or parenteral hydrogen
sul fide. FFI@uee15]4§B draph dgpizfihg pheloac gedPibe atrake warls
both before and after cardi

(Freheeclisiesdp Aegs (pgﬁpeq;eepcglgl;rrxrgmn%r i tt?m 6}85@&% ofl?:ontrol
vehicle or Liquid Pharmaceutical Composition V.

Figure 16 is a graph depicting pecent AAR or LV in animals
pretreated with control vehicle or Liquid Pharmaceutical Composition V.

Figure 17 demonstrates left ventricular function is animals before or
after cardiopulmonary bypass in the presence of control vehicle or hydrogen
sulfide. Figure 17A is a graph showing left ventricular dP/dT in animals both
before and after cardiopulmonary bypass in the presence of control vehicle or
parenteral hydrogen sulfide. Figure 17B is a graph showing PRSW in animals
both before and after cardiopulmonary bypass in the presence of control vehicle or

parenteral hydrogen sulfide.
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parent eral hydrogen sulfide. WO 2008/ 043081
PCT/ US2007/ 080613 11 Figure 18 is a graph

waleomsiosat i ng endot helial cell function in viROI/US2007/080613

whi ch depicts DCBF [9%4 in aminmals before or after
cardi opul nonary bypass in the presence of contro
vehi cl e or hydrogen sulfide. Figure 19 denonstrates

endot helial function ex vivo in the presence 5 of
control vehicle or hydrogen sulfide. Figure 19A is a
graph depictin vasorelaxatlon I n response t

acetyl chofi |'%eangt'$| agraph femenstating @?ﬁﬂ”ﬂﬁil@aP?” fupgfier & vivo,

v u?r§ Itigpé@fsglﬁe "/? é%SHMaﬂé’ betrd EFéﬁe%ara%gﬂﬁ’&ﬁ{aw bypass in the

s a gra epi C
premoeldmhtromemclemmdmgghsﬁﬁu@ \F/)\nth or W thout
cardiopul nar ass.in the ce.of contr.ol

vehi ol o oF BB GGt e A LB DES o7 feg Prgsence
o?'a‘gn!r dIéJNr gfd‘i’aeéh%b BE. FRRE1SANG atyraPRuepiRaRg de

t hods us Int e|r preparati on and use are
vasoréladeadionh eesponpe $0 acelyichalire witkaor withbiliogardiopulmonary

§BAB ihiee FiPshaed ConU e o v PRen auidingiqure 198 1 2

g‘?ééﬁebpn\eﬁwﬁéséréua&aﬁmrﬁﬂégabhge 0SSP driwiiiaer oni sed
during 15 manufacture and storage in liquid as a

caediopulmsinank byassdn the pessienes of eentrah vebigleeor fyrenan wiifide
products. The liquid conpositions of the present
i nvention have increased shelf-life, are easily and

DEPAREYS DEISCRIPTHORG T INVENTIEN gned for st andar d
routes of adm nistration, and are advantageous in

t r eat ment Qnmpoqmcmseqwmmwa@hg@ag@ydaﬁa cepthpds B?%TU' in their

6raBuP0 ABHINS e PSR Shed R TREN TS SO SROTRRE
AT Ehalcbgéhides er thaloBgerids c@hpounhlszomltstomlrecursors
or pre-stasis in biological material, as well

theteeb uhose effeetiveness gs & tHptpests S RRTENaI COMRSOMFRd Slicin

s L

SadaRw pro@icts 2T héhiquiar @mttsmdmem‘tth@ presentjmwenhoadha\te

stabl e 1iquid conposjtions r|3|n a, chal co I
inkeased shelhbies AL easily A IEREIHIC acsﬂeg gcl?ﬁg ed for

&89(%@4?38%% ol? %Mgﬁ)gtﬂrp 8RG8 %3 advantageous in the treatment and

prevention of diseases and conditions where previously liquid or gaseous
chalcogenide compositions were considered. The present invention contemplates
their use in methods of inducing stasis or pre-stasis in biological material, as well
as methods of protecting biological material from disease or injury, particularly

ischemic or hypoxic injury.

A. Stable Liquid Pharmaceutical Chaicogenide Compositions
The present invention is directed to stable liquid compositions

comprising a chalcogenide and to methods useful in their preparation. For
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12 purposes of the present invention, the term
“"liquid" wth regard to pharnaceutical conpositions

wo soos0s®eded to include the term "aqueous." | nPEOMES2007/080613

aspect, the present inventiien relates to a stable,
l'iquid pharmaceutical conposition which conprises a
chal cogeni de or chal cogenide 5 conpound or salt or
precursor thereof, wherein the concentration, pH and
oxi dation products of said chal cogenide remain mﬁthin

a range of acceptance criteria (numerical Iim
Jof dhe prasept pventian. the term; Hauidewith f%&%!érti) Béaﬁmaceutlcal

C%Hrpg;s.uoﬁg% Aol 33 dudd B drf AGUBRU | cal

ositron for a pre-specifie nme period. As used
herei n " strabhe asperitelhe ;Iresedtmmnoenelawsl tora siébltehbqwd
10 chal cqoge ositio

@ﬁ%é%@ﬁ?b@oree% whish hTaeS Autial o chalbogenide
b <Rt Féc%ré@r'fﬁér‘é‘of‘@vl‘{ér&wtﬂe%oﬁ@él’ﬁ?ati% pH, and

eptance cri erua "Acceptance criteria" refers to
mittatlsauomduats of said ahalocognidée rema muglthls lakrsngen obaceepdianag

qp roduct shou[j onformto pe acce t abl e .f
PR lmitizaLm G Tomach, o8 atfes EBfRa TGt f sEHbe AT
% ogé ét rbéltg li@;“umt Si$drfnace B %Bﬁ\%%sﬁlen for & WE@ é’ﬁécﬁiﬁd time period.

and appropri ate neasures, ar e
def i ned f és usedrhegeingstabled refersto thelqonb@wtmi@@ afgheyactive

é‘\%%gmdgg{gpgoxo%ﬂ&pngpeﬂs o?&lc e%{ﬂi%)ce K e' ctf]o%o%ltlo%r afit/or
&Eﬁio@@ﬁ@%‘ @(ﬁidﬁ%ﬁfb’réd&cﬁs ?erﬁ@'hlr@f withlh edahge &Ff Beseptaiesriteria.

of dfug substance, pH, and | evels of oxidation
products tAeaeptarice qder@trafﬂr% tq the ssh of adledate whichgdrug

uB5isee o B plcFyel B PRRBI 1 B 8PnEHa entable or it

iflehtied %Qé fagrusethireih0ad8dptdricensiterid ae alﬂﬁ df exts, rfe&rrences to
topi cal and cosnetic use. Acceptabl e standards ar

ay@r*béncal prpcediertEnai ARRIORHEI MARRILES wh'%ﬁr%qgﬂned for a drug

é%&ttﬁ%d"”";i?rglr%%ﬁl'ﬁﬁa’ﬁghwﬂq %éoe ?’f C%cfﬁ%??ance criteria for a

sﬁ’é@éthtqgﬁi prRgmastLRs c@nﬁwpﬁtﬁhq@b%héﬂyogémde %eﬂé&ioléosmi of
and Drug Administration. In certain enbod

mede@mﬁ@@ rBngewPi GrupSURSIGACE PI RNG IgNgS g5 exago0 Bp pgeducts that
age acggpt%b% fﬁfhhggﬁ%c?egjtlgalgts@ Z{&F‘thﬁzﬁc%'dzﬁ%%nﬁoglé?n g)laﬁed on

Qﬁ@iﬁ@l teSHiHgS , Acdeptareapiteriemag biet different for atheyJomn lalathqs

in range of 250- 350 anrﬂk or an
inage tatoedsnlopsehl A0S FPERC N9 ASCTRIPRE SRy arggtasrally

c?éﬁn%d for each industry.

Various acceptance criteria include any value or range described

herein that meets Good Manufacturing Practice Regulations promulgated by the
US Food and Drug Administration. In certain embodiments, an acceptance criteria
is a pH in the range of 7.4-9.0, 6.5 to 8.5, or 6.5 to 9.0 at a time point of 0, 1, 2, 3,
or 4 months storage at 4°C, 25°C, or 40°C. In certain embodiments, an
acceptance criteria is an osmolality in a range of 250-350 mOsm/kg or an

osmolarity in the range of 250-330 mOsm/L at a time point of 0, 1, 2, 3, or 4
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WO 2008/ 043081 PCT/ US2007/ 080613 13 nonths storage at
4C, 25C, or 40C 1In certain enbodi nents, an acceptance
wa@eoos®#ioal i s a sul fide concentration of 5.0-6.BCTs2007/080613
at atime point of 0, 1, 2133, or 4 nonths storage at
4C, 25C, or 40C. In another enbodi nent, an acceptance
criteria is a concentration of chal cogenide within the
range of 0.1-100 ng/m, 1-10 5 ng/m, or 95 - 150 nmM
at atims point of 0, 1, 2, 3, or 4 nonths storage at

or 40C. In ot her enbodi pents, .an accept ance
'E?”t{‘%ﬂoéa&?%a*sﬁcr i29eC p?re‘é%ﬁt 'atceﬂﬁgh%vb@@%en&% %"Eaé?%mance

Fitchha |§£L)a cﬁf&éﬂtrﬁﬁ%rg A5 b- 69.5% Gl alsgga e pARt ofd), 1, 2, 3, or 4

| east east or at eas
mmtghsiwagej a’e4‘tﬁ 256€ abr m}. i ldanatier @mbzatiment, pna@dtoeptance

iR dncaelan S omientie wiih Yo tardl & ALbAPfEn/a. 110
rﬁma& W—ﬁ%@%ﬂté Hirfe Bbﬁﬁ enb, ﬁtz 3 69&91%%@%{095%%/85@0,
Q

10% 1Iess than 5% |ess than 4% | ess than
2588 sott 430€. Z%oth@sembw’amen% ad.aweptance esterigfis sulfide present at

I%ausltf@log/e a? sg)éb%g %@SE{’)@‘?UC@%&?{ %%/ t] @%a&%%éa}a(%fleg% g?% at
|PAY B3, d?*%ﬂ‘lé'ﬁ%@ 99%! Wélgth@lGﬁ\%FﬁfQ&bﬁsulﬁde and oxidation products
"phar macol ogi cal | y- acceptabl e" refers to nol ecul

theneof aa timedpaintnfds i1t Rodsonhearonis sienagprad dile 23, or 40°C. In

rg@mﬁ@ﬁg&gﬁr{tg O!ﬁ ﬁﬁﬁ)r gtf&cg%gheaﬁ%génto% a"‘@%‘bc nfratlon less than

1084 QeSS AN 596! leb8 than 4halceediean 9%, 16wk thamals; egsithde 1%, 0.5%
compounds” refers to conpounds contalnln a chalcogen

as|lesseofttotal selfdetandwdaﬂompmw%s ata time gt A @ d. 2aBiX 4
but ex oHhese el errents are sul fur
%?thsggqrgé? éﬂﬂ?‘ge%ysb ‘I‘%rl um (Te) and pol oni um (Po).
Speci fic qhnel @wrpﬂﬁsm@a@hmuyacwmmef or rphlandacolbglt;ally-
are not Ilmtedto H2S, Na2S, NaHS,

acsestable\raiersto @Nmtqgeng@@ an%@np@@n%ﬁhgt dgggt pro%uce an

%‘%@92@@ %ﬁ%ﬁmﬁ?@ %ﬁ%&tlo#\?@% @é%ter@%@% g)\ggéana%r animal in

ﬁﬁ}g@maﬂ&véibﬁhihm%ﬂlr@e precursor" refers to conpounds
and agents that can  vie|d a chal coge » €. 0.
hydr ogen sGhﬁIceee@ﬂesgr calgegen ?PS?\QOEBﬁ%ir?T%ﬁEO cQpppunds

cﬁ@&t#@?\ﬁ %&Jﬁédg et el@nenf 78, ttﬁ%@ﬁfél%hp g & thé PefBbiedbble, but

ecursors yi'e or anot her
Svildrmgexitds These elements arer sulfen tFhacienium (Seetelipaum (Te) and
reactions
polonium (Po). Specific chalcogenides and salts thereof include, but are not
limited to: H,S, Na,S, NaHS, K;S, KHS, Rb,S, CS;S, (NH4)2S, (NH4)HS, BeS,
MgS, CaS, SrS, BaS, H,Se, Na;Se, NaHSe, K;Se, KHSe, Rb;Se, CS,Se,
(NH4)2Se, (NHs)HSe, BeSe, MgSe, CaSe, SrSe, PoSe and BaSe.
“Chalcogenide precursor” refers to compounds and agents that can
yield a chalcogenide, e.g., hydrogen sulfide (H2S), under certain conditions, such
as upon exposure, or soon thereafter, to biological matter. Such precursors yield
H.,S or another chalcogenide upon one or more enzymatic or chemical reactions.

In certain embodiments, the chaicogenide precursor is dimethylsulfoxide (DMSO),
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In certain enbodi nents, the chal cogeni de precursor is
di met hyl sul f oxi de (DVSO, WO 2008/ 043081

WEROBOEDSD7/ 080613 14 di net hyl sul fi de (DMS), PCT/US2007/080613

met hyl mer capt an (CH3SH), ma#capt oet hanol, thi ocyanate,
hydr ogen cyani de, nethanethiol (MeSH), or carbon
disulfide (CS2). In certain enbodinents, the

chal cogeni de precursor is CS2, MeSH, or DVMS. In one
enbodi ment, H2S is generated by the spontaneous 5

dl o ?f(i@o bbge?ggam%r%grq leglg’?dllal)u %ﬁggﬁtg%@laﬁlgp?hiocyanate,
@@éﬁ%ﬁ:ﬁ%ﬁ?ﬁ%ﬂé‘@ﬁ B Mg adn dertin

enolngrbmnedtsc thepehaesgenddd pnecursmh is @Si M@SH‘I eorsDMlS

' | t el t
erbodi et on BB e W bertsafid BoheaPobbsEeUs,
dgrgb& c??%ﬁ%??ﬁ’e fobkiddier, élfdﬁ}ﬂﬁﬁydllo@uﬁiaét(N‘éWS%n aqueous solution

ments, It is contenplated that this chal cogenide
aconybnmtd therecmiationst, 2, 3, 4, 5, 6 or nore exposed

sul fide gr , anysrange 15 derivable therein. In
particulapﬁgﬁﬁ“ﬂﬁ%b S such a sul fide-cont ai ni ng
conpound 2H%<3¥H£§a$20n disulfide). In certain
enbodi ments, the chal cogenide is a salt, preferably

salts mheﬂ‘kﬁn*Hl"re(—)deScogen isina -2 oxidation

Sulfid | .
S S T o TR B R
SUWRF, 'vﬂﬁle(ﬁ'@?@rs lt%@h}gmebﬁé@réhﬂﬁﬁ @iridre cor pAGIBUM. In certain

pot assi um sul 20 pot assi um hydrogen sul fjde
qrapsyiments: i qml@gemd@ecommcmﬁ ContANSIPISPS 11GTS gaposed sufide

4 BRBR) B e 53 S PR R leogence
dhpdundBnzaihé inde, §BeS) 6 ormgsressxposedibiifide gtddps) or any range
cal ci um sul fide (CaS) strontiumsulfid

driivable herein.qln pasigylar amgogiments i&uicha SL!@%‘P%WH&A?P'“POU“O'
2411 Sl i Brelift el echmmayanne 0 san.
SR abIQTsalto nevsid she tialpagdri isuh ar-2 oxilatibh statex Seifidecalts
results in oxidation products that asur

anespasked bvam@%mea% idbe BrYepHeRy w@%%ﬁsﬁ%&gyt ﬁl’ﬂ"@ﬂ e

SR AR Ri4,S), LBdfuth Aydrbgh dulfide (NaHS), potassium sulfide (K2S),
potassium hydrogen sulfide (KHS), lithium sulfide (Li2S), rubidium sulfide (Rb2S),
cesium sulfide (Cs;S), ammonium sulfide ((NH4).S), ammonium hydrogen sulfide
(NH4)HS, beryllium sulfide (BeS), magnesium sulfide (MgS), calcium sulfide (CaS),
strontium sulfide (SrS), barium sulfide (BaS), and the like.

It is well known in the art that sulfides are unstable compounds and
many attempts have been made to stabilize this class of compounds. In particular,
sulfide oxidation results in oxidation products that may be measured. Thus, the
range of oxidation products produced during storage of sulfide in a liquid

composition can be readily determined by measuring the levels of oxidation
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conposition can be readily determ ned by neasuring the
| evel s of oxidation WO 2008/ 043081 PCT/ US2007/ 080613

wdasoopnesdect s over tine using standard anal yti cBET/US2007/080613

net hods that are describediberein and well known in
the art. As used herein, "oxidation product" refers to
products that result from sulfide chem cal
transformation, including, e.g., sulfite, sulfate,
thiosulfate, 5 polysulfides, dithionate, polythionate,
and el emental sulfur. Such product f ul fide . ,
RERF e PYeY e uaing standagd aga e%hmetgpgfo#@?@g%ﬂﬁﬁqﬂbed herein
a!ﬁgu%ﬂ?ﬁd%ﬁ mg[hgrarlstorage (e.g., by oxidation).

ring storage” refers to the tine period after a
i qU| d chAlscusgdrhedem ‘maidation tpraductsrefere a peati uatscthpt fesult from

| stpatian atien al
sifidecshertiva) rapslmtieiedieel. edmpsdie; el tiBrutte.
! U Rh products of
Ao s e?‘vﬁ%“ 18 hARDRSt? RO SRenPYUILE, Sueh products o
sutfldeomiidegionpmoefshocr as,a lesult of peackagjag, menufgpwlag@r storage
e|t er | a I|qU|d form a sem-solid form a
Tm a solid form or other formsuitable

f or adm n*‘@hﬁﬁg{ sfaded réfepd!fY teltime pericaftéd dliquid chalcogenide
enbodi nent s orage is in the range of one nonth to

aomasdlamatpmar@@ abe @rinotet its adminisiratiente @ pajient grpiological

h f
RS Ao R e i v
pﬁgﬁél’%sﬁfa?tdo@Be%n@ﬁ@@%d@rﬂﬁlswﬂé@ t@écsubjeentRhther following
general 'y known in the art. (Rem ngton'

p?eaanaaoe,ut isqreckaged: fes storagecaiiher & 'Q‘Edlf?"@_rﬁ sqp§olid form, a
R BT O et BB b i Son 0. utict

Ih"déRati SRbsEVhents) Gtardge & ialtad cagdftneomontiatiodegtvei rdenths,
conpound or salt or &’écursor thereof in any desired
@Enmenth tetsiomonthse oF Bve Benthe todiyefagnthe: readi |y

optim zed, T'\%acg}meposgm%%l Ept gﬂt in @n é/rpﬁagfbe prepared for

bi ol ogi cal elrng t ero
ieHihiRice Lificdl a@Mministeatits Ewméﬂiod\seandanltteék@plentsegmm known in

et (RamIGoRS EDREmarRIEFhERPEoss (0Sb e Rt dogyDavid B
%{,‘ LE) ﬂ%@lﬂd if4 %%I C\Nﬂl@ﬂﬁde compound or salt or

sor theréol 1s int range of 0.001 mMto
5,000 mMV Liiguiti pbarmaceutichl donpositiors0idherpresient invention may

Irnzglr& g aoéhalcogenlde or chalcogenide compound or salt or precursor thereof in
any desired concentration. The concentration may be readily optimized, e.g.,
depending upon the type of biological matter being treated and the route of
administration, so as to deliver an effective amount in a convenient manner and
over an appropriate time-frame. In some embodiments, the concentration of
chalcogenide or chalcogenide compound or salt or precursor thereof is in the
range of 0.001 mM to 5,000 mM, in the range of 1 mM to 1000 mM, in the range of

50 to 500 mM, in the range of 75 to 250 mM, or in the range of 95 mM to 150 mM.
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50 to 500 MM in the range of 75 to 250 mM or in the
range of 95 mMto 150 nM WD 2008/ 043081

wWEORIEDHO07/ 080613 16 The |iquid phar maceut i cBET/US2007/080613

conpositions of the presentii nvention further

conprise a chal cogeni de consisting of sulfide wherein

the concentration of sulfide is in the range 1 nM -

250 mM | n anot her enbodi nent, the concentration of
sulfide is in the range 10 MM - 200 MM 5 In certain
enbodi rren the concentration of the chal cogeni de or

sal t &?‘@&‘GP@'& harpacegtical ﬁor&ppwaan%oempé%aem iiRyention
ke g‘u%'%? PEnAEeIE ST sl e FBRGHG goRgenjsation o
shilfiake, is i O, rafge®d, mMO- Z60 mBA.0By, arbtér, erbddinm@ng th€® c8ncentration

9 1.0, 1.1, 1.2, 1.3, 1.4,
O(I)SH'ﬂdeistS‘t%fré‘“gT@m"f QO%Z“N' 2.1, 2.2, 2.3, 2.4,

% g % g In;c%rftalé egnb(?dlr%en@ Qve c%n%ent?’at?on @f tﬁe cﬁal@ogé@ide or salt

of peecutsar, there®f imMa ﬁquﬂ dhalmgemdMO@mpqsmoe aflth@pgeseahlgluentlon

b th t t
LSl Rt e SR St a8 00 005,000
CEADE,; 0.09, @@nezen‘@@'m\%atdw oeoogemtor at1 qm ey, 1.4, 1.5,
be from about 0.01 to about 0.5

téntént.Bal i%A. QnSy1 1262, rB302. I4y245oaxﬁe|2t7e@ 8, r&% 3/\@4 @Ht 3@eB.3, 3.4,

1 3P. Tna o b iy 2088, Bt 4B AT AFrEEos O or M or

rRoi@® or 4F¥ fahge HBHﬁablé hereint @t BtapiBROiefperaturd BRd pressure

concentration of the chal cogenide or salt or
(BTeur\8ith hydergenrsulfifieagas, éeri exaiie.do geiedembodiments, the

SRR EAorcaY g i BHBRERRS 6 MEPM S5 b S ShPIS, 17T
ot her errbmmiemrﬁ;entrbﬁomﬁmem rreaau;oaomrt@ﬂnnme@hmef
20 or is 1 mg/m, 2 m%

\@Immenﬂccqrd.mlyﬂanyg)f ﬁ@e ﬁpovq;ranggpmf mq{,@r cg@c%t,ram mMaYy be

t
GG RDEBT e S5, ST e B AR G, e sopcenator
&f'thé BRAleagemié er salpppratumsor $iddreofdn a I[qwd:ulnaiomg&rfm eof
dissolved in a liquid. I n one enbodi rre:ht Bg dqj11 100
Gampesition ofshe ppesent favention i§ ipthe Fangesldl- A P90
%ﬁ{@ ﬁg?’j ghg?ﬂélfghlo% I%Wéﬁl SMe%dﬁ%gptréﬁ{ggls%%proxmately

s fluhgelr 2 negrimd B meyhs 4 hbkenl| § aug/ohl, |&n‘@trdl @rmg/ml, 8 mg/ml, 9
hydr oxi de in water, or potassium hydroxide in
mg/ml, or 10 mg/mi.

In one aspect of the current invention, liquid pharmaceutical
compositions comprise a chalcogenide or chalcogenide compound or salt or
precursor thereof dissolved in a liquid. In one embodiment, the liquid is water
(H20), while in other embodiments it is a more physiologically compatible solution
such as phosphate-buffered saline (PBS) or Ringer’s solution. In further
embodiments, the liquid is sodium hydroxide in water, or potassium hydroxide in

water.
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wat er. WO 2008/ 043081 PCT/ US2007/080613 17 It is
contenpl ated that in sone enbodi nents, a liquid
w@b@sowmeut i cal conposition is a saturated soPOI/USIV07/080613
with respect to the chal cogeni de or chal cogeni de
conmpound or salt or precursor thereof. As used herein,
the term"% when used without qualification (as wth
5wv, viv, or ww neans % wei ght-in-volune for
solutions of solids in liquids (wv), %

ht - I f | ut f
o O R aHBereTaten ol ip SPmedmiedigients p i o brrmageutical
ddn%éﬁﬁm(.gfavs)at@%q@d @tm(nw\;vgg Y\ﬁg%f toftﬁé HhaicbyeRite

sol'lds and sem so em ngton's
dhlalnogreoisletdoraiouBdi arrsali ©r EPEAG3Qr tRereof.Edi t| on, Troy,

Da'dB.E Li o WL dW

on\(;I enbodi d elﬁélc:)h‘fdfsﬁn f %@a&nﬁedc\’g 69%8'%?109 '8'ﬁ§as with

v@/ﬁ/ iReor \vaﬂsiﬁééné %\«ﬁ@.tghpm ~FONRRE ifSes St drisdst s@ﬁé’§WlRﬂud§(w/v)
0% -' 100% (W v). In one enbodiment, |iqui

%mmglnteemoiwae farsopdions iob ggsest lntllqglq@r(wénf/o vcpiu@m-lnmelume for

<ERaBiae o i i RO AR A oG et ks g and

UNASEHs (WY é@mgmphém@dufw@vesmr zdo tZ%‘Edttlon Troy,
100% 15 vv/}\?gR I n one enbodi nent, 1iqui d( & d

Déanad ﬁaE@uthlmnCQibMéldim!i @?\%V\b'ﬂ“ﬂshe pr esent i nvention

conpri se qu| d

enbodi nent"| opﬁgﬁb%%@%g@t uqugééh%'}rﬁrfag%gb po'sﬁloﬂg%f the
&B@érﬂ%\%ﬁh@ﬂ coﬁw@esgutﬂd@nn@ésarb@ apse%moowamn@ i laronies

in the range of (3.0-12.0), while in_othe

Q;'nbm}mmhthg uick p’(@rcheﬁthqh éormgﬁglgorgﬁ of t@e(p_rgsemt lnvgﬁmgoa igomprise

c{?lsq[%gl Isélrgddat %ﬂy& or 0] Wl ﬁggé% tl '@éﬁgﬁ%ﬂ@” plpﬁrmaceutlcal

@fpaYitons dfh® Dﬁés@ﬁbmeﬂmﬁ corhprisepsiiifide measmecqimt(%% - 100%
har naceuti cal nEosHlon isin tllwe ran

b0, nonelambadioenb A Hmace fine! Forapgions df the present
UG thor s AR S B BB R o ™ oo
enmbodi menin, or@(mbodlmermstae yo-bof a hqmdl phaanageutitaichalcogsnide
carmoRRRI ! Ing ByoReT 1/ ias trBane Fanced (P gk 2 Oyl otver
Snbiher RO B RIRe AR ool T PRt phapraceutical
¢dvhpositidi maytHwad;hsiedMaLmlysmloglcally compatible range. For example,
in one embodiment, the pH of the liquid pharmaceutical composition is in the range
of 6.5-8.5. In other embodiments, the liquid pharmaceutical compositions of the
present invention have a pH in the range of 7.5-8.5 or 7.4-9.0.

In one embodiment, oxygen is measured in the range of 0 pM - 5 uM
in the pharmaceutical composition. In one embodiment, oxygen is measured in
the range of 0 uM - 3 uM in the pharmaceutical composition. In one embodiment,
oxygen is measured in the range of 0.01 puM - 1 uMin the pharmaceutical
composition. In one embodiment, oxygen is measured at 0.001 pM - 1 uM in the

pharmaceutical composition.
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conposition. In one enbodi nent, oxygen is neasured at
0.001 M- 1 Min the pharmaceutical conposition. WD

wQoe8N®8081 PCT/ US2007/ 080613 18 The phar macrot/Uuszin7/080613

conposition of the present 18nventi on may further
conpri se oxidation products. Oxidation products of the
present invention include, but are not limted to,
sulfite, sulfate, thiosul fate, polysulfides,

di t hi onate, polythionate, and elenental sulfur. In
vari ous enBodlnents one or nmpre L@these 5.0xi dation

product s i'§ephaEBaceyticabePmpeRitien pibie Rresant ivmntipr &y further
cg)h@s@ dé(ﬂatlloﬁ}zo%ﬁég rb)?lthr@n ;hanﬁ?)&rlb?%elf)%één{ ﬁ%ént‘icnﬁﬂclude

l'ess t ess
but ak/hotdimiteskte, sulfite, GUM% thiosudfate pnlysdllﬁdes\tdlthimnate

B e Rt PALAL BBl A g R o s
%ﬁd%ﬂ’fﬁtpr &d’dt§ i Sresbit ih "énté?ﬁouri'tq)es{sqmﬁ 1056, 3ed¥fhan 6.0%, less

I'n one enbodi ment the oxidation product,
than BiQ%, Iesstham 1.0%, lemsgban 0.506 Oess thapg. Wl/w)!essnha@@é% less

tﬁ%@i@e Q{d&as ﬁ%‘@@f%l on g;gdg%odfﬁmtet hles in the

oxi dati on lﬂ%ﬁé’ eifbodfHEM AR oplidatRinaseBlictl Sulfileeis Bras@et in the
of 0% 10.0% wW v). |In one enbodi nent, the oxi dati on

rpngel@éﬂ%-?;@%fva/lv)s Ini gné ambogimans, tharexidatipn progict, sulfite, is in the

rgng?‘g%i\@%: 5 Irb[f {Jﬁg}quoﬁg\lgn%ﬁéq_dlé)gﬁg% %@(gé\lﬁﬂ)ﬁﬁﬁﬁi&céulﬁte isin

RERHHLTBM. 0% BOBWARL Irdehedemdudiment Stk foxidatioh product htilfite, is
range of 0% 1. 0% W v In one enbodi nent, the

inxthel earigerof $¥%ed R (Wiv iosul fate, is present in the

T L

r%ngafoof 0%- W‘f) éW)v) I oﬂ@@iﬂbﬂdnﬁﬁblome”mﬂatldmmoduct sulfate is in
oxl dati on uct, thiosulfate, iis in the

the(na@@ ob% APr) 6 OPh{verotIREne csTRssimER he BiEatsn g sulfate,
R PHjiclangh 8 191 868w, I ohB ittt 1RUBAdAKNSbuct

|rrent |da|onp ucts in

sﬁﬁial’é?uléfri Hesangs e6e%t1.0%(Whe. range of (0% 100/<(W/v) In
one embodi ment, the oxi dat| on groducts

pol ysul fi deonesnbqdimenk the,aydatign Rrogyct, ﬂﬁow/fﬁﬁ \J§ Prgsgnt in
tﬁ?jaﬁﬁ??ﬂg%?g%‘éépﬁ °P{1‘ %@th% %&;1!4%%{5 itrr\]@g%igﬁubrﬁ beRRIct,
thiosulfate, is in the range of 3.0% - 6.0%(w/v). In another embodiment, the
oxidation product, thiosulfate, is in the range of 1.0%-3.0%(w/v). In another
embodiment, the oxidation product, thiosulfate, is in the range of 0%-1.0%(w/v).

In one embodiment, the oxidation products include polysulfides
present in the range of(0%-10%(w/v). In one embodiment, the oxidation products,
polysulfides, are in the range of 3.0% - 6.0%(w/v). In one embodiment the
oxidation products, polysulfides, are in the range of 1.0% -3.0%(w/v). In one
embodiment, the oxidation products, polysulfides, are in the range of 0% -
1.0%(W/v).
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enbodi nent, the oxidation products, polysulfides, are

in the range of 0% - 1.0%wv). WO 2008/ 043081
WEROIBOEDSD7/ 080613 19 I n one enbodi ment, the PXI/USI00DOB0613

product, dithionate, is prasent in the range of

0% 10% W v). In one enbodi ment, the oxidation product,

dithionate, is in the range of 3.0%- 6.0%wWvVv). In

one enbodi nent the oxi dati on product, dithionate, is

in the range of 1.0%- 3.0%wvVv). In one enbodi nent,

tocl;)e_ o>1<| SWQ% gmgﬁglg’:ljfg et,l'])gl(pgqh H%tp?q)qi.éct 0(54{1 e r %ﬁse p(r)efsent in
tI@% %&(Of 0@9'11’) atlﬁ ngé%n‘ﬂo%‘ﬁﬁ@ﬁt tHe oilﬁ‘é’udnaﬁ}ﬁﬁué’tf dithionate,

KW V) . I'ment, the oxidation product
igoinl thhe mangeaoes. Oi’/cs— 6. ﬂ%(Wév)r amgee e divpent teemdmom pradict,

dftEloinﬁ ?§g|ln %é@t]%? of) ?( é%%atégg}ﬁuyf roqluct tuﬂc'er?t”ﬁae oxidation
pPERRS| AR natd, hﬁtﬁ@r ctﬁtowmnm@w; IOOI ythionate, is
In the range of OA) . I'n one enbodi ment, the

oxi dat i onlrpom&jembodmmgn‘te aJXIdmlIOﬂWOdlil% palytbignate, i present in

48 Tl g DO . e ek BEnt T Sxlattn pipliet,
pRlytHoRdte; istin @ vdnge ofl 30%Ns. evEpRAY) W&nbné bmbod}th@fatthe) pxidation

product, elenental sulfur, is in the range of

0%
pr@dwmlmonate e thE rengsbal 7O - 3 OFviba danegmbodiment, the

AR proficfy R PRt 1 b A SR -Reh iy =°

recogm ze |t bRé embodiinést, theadidationtprodiict, elemensal tsulfur, is
(drug product) preferably remai n stabl e duri ng(dstor pq
presaitt in the roge o SP4-A0VaWM o IoRR ARREAIMENt oihe oxidation product,

”bOd' F?H%LH &t I B ant; 8k dr3%0d% - %"?}%(v@/@%ﬁh@é} ABERBbLRRINt the

hr eéé” non e storage
dxﬂia%hqirydwl Slemiontdl Balfuraizga té rdreye &f7100% 3. Q%(w/h)arln one

enbodi nent, storage of the Ii har maceut i c 0
erobgstigient, d;lﬁe pgldam'prcgugt @&ﬁm%’gafj%ﬂ Ml grgﬁegﬁ gb@e range of 0%

ure is in a range of 18C 27C. In another
emz\fvﬁé storage of the liquid pharmceutical
conposi ti Thoke skifiedin thaeért/wnhmnogm,ze thad atllqgldspla;arage&eutlcal

s g o oot i b i
SRRSatibR % a mammal. In one embodiment, storage of the liquid
pharmaceutical composition is about three months, and the storage temperature is
in the range of 18°C-27°C. In another embodiment, storage of the liquid
pharmaceutical composition is about six months, and the storage temperature is in
a range of 18°C-27°C. In another embodiment, storage of the liquid
pharmaceutical composition is about twelve months, and the storage temperature
is in a range of 18°C-27°C.

In one embodiment, storage of the liquid pharmaceutical composition
is about three months, and the storage temperature is in a range of 4°C-23°C. In
another embodiment, storage of the liquid pharmaceutical composition is about SiX

months, and the storage temperature is in a range of 4°C-23°C. In another
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I's about three nonths, and the storage tenperature is
in a range of 4C-23C. In another enbodi nent, storage

w@boosloe308i qui d pharmaceutical conposition i s aPOLUSENX080613

nont hs, and the storage tenperature is in a range of
4C-23C. In another WO 2008/ 043081 PCT/ US2007/ 080613
20 enbodi nent, storage of the liquid pharmaceuti cal

conposition is about twelve nonths, and the storage
tenperature is in a range of 4C—23C In one

enbodi nent, net hods of prepari n% qui d pharmaceuti cal
epthegiaent; s\osags ofthe ligHidshampadidingl 6W"P9$'t'%l’5 Ay fwelye

el 0
ot anine SEpaasReriberatingls a fate dikbbaec, |
range of ma@r@bnﬂhfmit/metﬁodsmﬁpr@mmglllqaldtpharimeceutlcal
B et b g Spt il R a0 aB T ey of
tﬁfﬂﬂﬁd ahQrm uWhibSI o RTRAAL B stnolbfiy iR 0t tg'eéf 28b-400

ar maceutl cal conposition’is 1n the range
mﬁ)srﬂém_ SBf)orlE(?emnbbdlment the@sosraritylof the lefuid plearmaceutical

ORI B oh o e Ll 1S5S o LR
ﬁfﬁmeﬁ‘le'n?] dlﬂwgnﬁefﬁeadéhﬁﬂﬁl?%f IR fiGuid pRakrRAItiEN &fmposmon is

| qui d armaceutical conpositions is desirable as it
in tlmarlange oh25@330enOpmickL vpthe esmoblalitytaf dve eempasitions is in the

e Ry BEo AL T e o B SRS Ballst "
oskfoMiity. zed conpositions of the invention not only have

I ncreased storage stability, but also have the added
benefit ofn carisin anbodinmgnts rieateoisity whliguid @bﬁrmaceutlcal

t
BiioRtihS RLeTahli o f SFRRGTS cftdbairitbg efRystiadf and
nﬂﬂmﬂﬁééjp@@ﬁtléﬂ rﬁaﬂhdlyfﬁ@éff@dﬂé aéébtla’iéd Wlthlﬁyp@ﬂenlc or hypotonic
enmbodi nent, the stable Phar maceut i cal

composiions.ghuss th@siabaé%g@appw igfs phiperimasiiop not only have

iR Shtooe SRS VL0 s RALE it Adaddidiletit bPsubstantiall
o é@Pﬁgﬁ%dﬁw"gﬁaﬁﬁWhem soepaRablith fmnﬁﬁatms sxsmgenther

ose skilled in the art andlncl }
mee traditianalbuiter systems eenpistinggfan agichgnd ags@gl form 0 the aC|d
i nper neabl e r
o e TR PRHE AT B8 Wt el flophpasion s

pié@ﬁé@é]ﬁ@h amihfpenmeablel dmmmewablhq)emmebhlermntaner" mefets to

at nosphere or noble gas. Nobl.e t%as refers P
containers that provide a permanent barrier to the passage of gas molecules.

Impermeable containers are known to those skilled in the art and include, but are
not limited to, “i.v. bags” comprising a gas impermeable construction material, or a
sealed glass vial. The liquid pharmaceutical composition may be packaged into an
impermeable container an inert atmosphere or noble gas. Noble gas refers to
helium (He), neon (Ne), argon (Ar), krypton (Kr), xenon (Xe), and radon (Rn). Inert
gas refers to nitrogen (N2). The term “inert atmosphere” refers to a nitrogen or

argon atmosphere in a container. The liquid pharmaceutical composition may be
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hel ium (He), neon (Ne), argon (Ar), krypton (Kr),
xenon (Xe), and radon (Rn). Inert gas refers to
woRasog®al (N2). The term "inert atnosphere” rePEr/5S1007/680613

nitrogen or argon atnosphete in a container. The

l'i quid pharmaceutical conposition may be WO

2008/ 043081 PCT/ US2007/ 080613 21 packaged in
light-protective vials or containers, e.g., anber

vials. In one enbodinent, the conposition nmay be

seal ed and stored in | ass a oul e. n so

i#laP

PaRkRARGBAIS- qut‘%ﬁﬂ"& Y Frﬁ%%tat“ie 1€-& ofPOST Y‘?gén&net he
t?cfoﬁ"rﬁﬁnf mée&;rhe gsb% ééréfeooénmo FirG ?Fa@@ta?np ule.
i nclu ent  oxI

ed'to pre ation e cha cogem

duri ng st brsagee evmmdernemterltcgmd pbannnadehbcalamgmqsftlooa@f the
to twelve,., nonths or

pg%mgyengon ROWRES? aRG &7 B1ors et B IRCLABA(R BT Rt gYation o
F?ﬁbé@ém&e dShiy en_EadeS wHerd BRradd8an Me FaHgRSflohedbwelve

I'n"" sone di'ments, storage is in the range
mrﬁnth@ or longef.i MesammetmbodEndrisl sterage is ot therrange ekemg to six

I t
B FRri EEEGTTR R ovta i i) e PP B oL HERR o PR tns. 10
SRR BhBEdihikmis! dorahe iinahe ramde srrelLf t0 e maethst Embodiments
reduci ng agent's, anti oxi dants, spin-trap agents and

op thespresant ingentianmey gse aistrglenexeipient guagombination of excipients.

TS B Tk PR jaISS FREPISTs oExdibp b8 oo SR aer X8 Thlotying
ayehferéd Ringd Sgént¥edrioxrRiahts) Lsqumpoé?emb ahdersservatiies)

ton and a coaneX|n agent. |t usua 15 does not
di ssoci at & eae erryboann@’ail mul@ﬁhawcef%p%w@wqaﬂm of the

o e S e e

i$ batstbt-sSI0ble! coimilés bémened hekal domand atcoaipiéxing agent. It usually
occurs within a nmuch w der ran e of.elenents.

does|net disgoaigimeasilyiiesaiubign Sy § fs Apingrt QRRIPEX Hslabiie,

| | |
RyiieS [ BeyEE M B itioRPBE foadif) SeaRed AYBMFBbmplexes of
tEHRRIoR dledhts 416 vdlisatiowam dut chelatiomedcalrs withinra arichgyider range
fersents. ANING FPoY RRITEPPBImARLS P ares aft 858 Latled
s?g@gg{??lﬁg %geﬂ?st YA @béléﬂﬁ% Sb'ér'it' cAleha &N8adtwbYdsctional groups

inc sacchari des, organic_
taal @@meiafpdimfeeléthmmsdnéhe:mml suchi am-Qr-di, or-CAQs,

I%}:{%;qg?%§ﬁén$ﬁjn§qo§g§%§% Q:g sltqitiag g%@fornvﬂgﬁﬁgn gormé? SRWifi&he metal.
é%rﬁﬂ% %%Qfﬁﬁally' SRR &?elat%k&hc@%e%a%ﬁr@dﬂbtés including
polysaccharldes organic acids with more than one coordination group, lipids,
steroids, amino acids and related compounds, peptides, phosphates, nucleotides,
tetrapyrrols, ferrioxamines, ionophores, such as gramicidin, monensin,
valinomycin, and phenolics. Examples of synthetic chelators include, but are not
limited to, Diethylenetriaminepentaacetic acid (DTPA),
Diethylenetriaminepentaacetic acid pentasodium salit (DTPAS), CaDTPAH,
dimercaprol (BAL), deferoxamine, desferal, 2,2'-Bipyridyl
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val i nomyci n, and phenolics. Exanples of synthetic
chelators include, but are not l|limted to,

woe@sloyioenet ri am nepent aaceti ¢ acid (DTPA), PCT/US2007/080613

Di et hyl enetri am nepent aacetkec aci d pentasodi um salt
(DTPAS), CaDTPAH, dinercaprol (BAL), deferoxam ne,
desferal, 2,2'-Bipyridyl WO 2008/ 043081

PCT/ US2007/ 080613 22

Di msrcapt opr opanol Et hyI enedi am not etraacetic acid,

| enedi ox ene- dinitrilo-tetraacetjc
T R P S R St LA SRR A %ﬁ@ﬂ@ne—
Q?J\E%L‘r}@ie't@a%eﬁ@ﬁgrﬁ‘ e(E@ﬁ'WR?@%NP&éN\ ned}hmﬁrfététga%?:%'\lill_% )‘éc@? igthylene

A), 1onop trilotriacetic aci ,
ghycohbisRReamaimobthyl)i MA|, NSN' 4teipaacetlaecld (E€iT1d%)i iomoplioneso 5

'%tf@f'a(r’%c(%’pw&ﬁ%?f@] H](}a[vs Aﬁa}j{g}wﬁgat nﬁ‘li‘lcc‘?'lmer?meso-

d\é dfrﬁ?r%‘éﬁfo‘sﬁc@ﬁl'c%c-@ é@%ﬁgn’frﬁédhfanaaﬁmé\lmm N-(2-

Nitrilotriacetic aci I'n one enbodi nent, the
Hydoxyetid)etihderadiamine- N)TWAN'-IﬂaO@éc gaidnTrisodiymai s EDTA),

con entr of DTPA is about, at | east about, or
“&P?FBE? ‘?N%)o 0.001, 0.01, 0.02, 0.03, 0.04

0.05, O. 0@1 o@e QFnonmQ@nt theOSyntibtit, ch@lator 8 (BLPAL. 14 ceftam,

0.6, 0.7, . mM or M or an¥raneder|vable
anhlociments, the)mc@ﬁﬁamﬁréﬁDTPAt'ﬁébm least apauieor ainpest about

a0, Rr A B o5 B8 EIRLLPLDs LB AiraachF 04 05
0.60.290. 890t9” 4t0 @ 6f MRy rah§e iderivablé ieremndn o(mia embodiment,
(0.0001 % 0. /<)(vv/v% I n anot her enbodi pent,

the DTPALB in ﬁl@e faﬂggeof& (nj‘%to 59 r@% (W/Q/)e emhoglﬁ@nt tﬁe synthetic
GERI FRIsts 3B BAso ] St ofbeRn i AcfecBetteition of DTPAS

lggélﬁﬁﬁe ranyecer (0&)0{?1 "/&vrmd)%)@?m sin amtheoembndilmaetnt ;ihTBA5 is in
DTPA is Is in the range o 0..00019 o
the 62RaRBGO%ent D%HKWIBAN Sng ﬁ"&’ﬁé‘@%ﬂg@qgk(/% ) tng rangd of (0%

o 20 I n anot her enbodi nent, CaDTPA is in the
A

0%- 1 .0%(wWv). In one enbodi nent, the
synthetic g bﬁé@mbodlmedetm syrdhétivechdlator iseGalTRA. In certain

SOOI on st oo B 5580 P hfoore-
§ B e B S Ponadafe P81 Gt
iarandtherrenatmydiment € alETR A &binghe hangsi of. (OP/m- 1.0%)(wWiv).

In one embodiment, the synthetic chelator is deferoxamine. In
certain embodiments, the concentration of deferoxamine is about, at least about,
or at most about 0, 0.001, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,
0.2,0.3,0.4,05, 0.6, 0.7,0.8,0.9, 1.0 mM or M, or any range derivable therein. In
one embodiment, the deferoxamine is in the range of 0.1 mM to 10 mM.

In one embodiment, the synthetic chelator is EDTA. In certain
embodiments, the concentration of EDTA is about, at least about, or at most about
0, 0.001, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5,

0.6, 0.7, 0.8, 0.9, 1.0 mM or M, or any range derivable therein. In a certain



10

15

20

25

25 one enbodi nent, the deferoxamne is in the range of

0.1 mMMto 10 nM In one enbodi nent, the synthetic
web@satmel i s EDTA. In certain enbodi nents, theCT/US2007/080613

concentration of EDTA is ahsut, at |east about, or at

nost about 0, 0.001, 0.01, 0.02, 0.03, 0.04, 0.05,

0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,

0.7, 0.8, 0.9, 1.0 mMor M or any range derivable

therein. In a certain WO 2008/ 043081 PCT/ US2007/ 080613

23 enbodi EDTA is in f 0% - %
SboBEe FLabR .tﬁehrfangeyf&% RUA A INARRS edf'god'm)ent EDTA
) e

T Rane Fhgs 50001 % DBy n SRS SRBbaniAL D RIgin the
rarsge of @%e 1.0%ge/vipf Iréhea embodmai(tV\ED)'A iSirLihguiadge of 0% to
Oip(ﬂe/r&r?]ceutl cal conpositions of the present

Ve V)onmay further conprise one or nore pH

modi fyi ng) RGNS Rarnfide IR E)Sh@%sﬁ%@hﬁthe‘ greseri8nverfidhmay

are not I| ited to, 1norganic salts, such as zinc
fmﬂndsmmmmsermgmsnam pht andulifjimgeagentd. cphd maify ngregents, include,
drogen phat e

d
LB B8 oo b e oRGns Shif D45 A0S o e Mg fegum
ca TN R @A Lc@rboHatE Fh &G nESith $gHRXxideR alciii BYédogen.

cal ci um phosphat e, nagnesi um acetate, nagnesium

plh@dpmjencqinospm@te adgwashmfopﬂes@ﬂi@t@ lagigém eaiaiym maleate,

t t | |
cﬁg;é‘ﬂc a@ ‘%ﬁfﬁ’o "’P@’% > fﬂi’%’ﬁ'ﬁl ;ﬂf&%@g& g’l g]lbc L% e&ﬁtaet e,
mMEsHeSIR h éfd@@ﬂ%ﬂ@spﬁé}baﬁ@ghéslbmmsrdete peighesiummactate,

phosphat e, sodi um bi car bonat e hi ogl ycol i c acid, zinc
roagnesium maleatehyegageinm algalehBagRasiEM oxalatepsedipmghioride,

| act at
st sfRaf SRt BPafPhes RoshintBifp e boBEaLE ©
phdSpHAte, séditm, bléé?rﬁbh@teamldblyco‘llu reld, zingGcetatepdine hypdrioden
nitric acid, phosphoric acid, propionic . acid, sulfu

phesghatet aine Ahpephale Zing AckRSA, an% alrate Zipg gicate. 581000"3?3“‘-‘

N- met I n rohold ﬁ id,
b R B A I B B 0
f@&aﬁﬁ%c@’ﬂféﬁb@i’d, nittibacidHphostiHoyic ragida geopionis asiok suifnlnc acid,

hdrOX|de It is understood b |gne k;él dinth rt
taftatic acigrrarban ciaxide. sgeanic ﬁ%@ '3 U%"F'f‘%ﬁ'ﬁ%
SRANCI@ Y IFydRbchaat Bcid. In
@g‘?ﬁ&{y W%Ppﬂgﬁn?dﬁ%ﬂ\ettﬁa | gg and Imal nt@g ns at a
diRverpbodigemt, the @I—Umotiéyingsageeisls sodium hydroxide.

It is understood by one skilled in the art that a pH modifying agent
may serve as a buffering agent when it is added to an already acidic or basic
solution, which it then modifies and maintains at a new pH (see: The United States
Pharmacopeia—National Formulary 29" Edition, (2006) Rockville, MD; Stahl, P.
Wermuth, C. ed. Handbook of Pharmaceutical Salts Properties, Selection and Use.
Wiley (2002)). In a particular embodiment, the pH modifying agent serves as a
buffering agent and consists of carbon dioxide or hydrogen sulfide.

In certain embodiments, pharmaceutical compositions of the present

invention include one more excipients that are reducing agents, such as, e.g.,
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Phar macopei a- Nati onal Forrulary 29th Edition, (2006)

Rockville, MD; Stahl, P. 25 Wernmuth, C. ed. Handbook
w@booRBloadosaceut i cal Salts Properties, Sel ecti onPenusSide®080613

Wley (2002)). In a particultar enbodi nent, the pH

nodi fyi ng agent serves as a buffering agent and

consi sts of carbon dioxide or hydrogen sulfide. In

certain enbodi nents, pharnaceutical conpositions of

the present invention include one nore excipients

IR Sieisns WEE SRSHEH) BiseZ 6atbosetny ) PhbRpdne ydishiode

(PsEB8. 1498ikind, réy%(eané 8f H@EIY 8hif¥! In BRE SR difment, the reducing

hydrochloride (TSEP), |-cysteine, cysteine of
agenhls@wtamlonm(seaeanbomtrm nEndobme Bavieimsd 200461 612628),

iy to3B3 7 NBme! o GRebwenf Erver! P 0FReT2 o0 or

dithioeryte &t D'PE)d Lif f&éﬁbﬁ’l' erﬁb@&me@?@% careentrdlios 0) ?Q[atﬁlone is

di t hioerythritol TE). In certain enbodi nents,
about @hteast abwtocr@ﬂmoettahwﬁ@ p901206(it 0.0t 0/03a6:04, 0.05, 0.06,

o 0p 8 52 63 K. 8. B Y. g o, Pty Gt more or

dhy4ange derivhtie tHerdin. [ Sbridih 8mbbdnénivs athe MoREentRatRNT

any range derivable therein. In certain enbodinents,
dithistireitel(RTTat whish sresant ai abewteat lepstabpyf, oratimgst about 0,

Q665 U, H 023008 0.84 458508 0HE: 085 @borBIL 0208, 0%, 0.5
036 Q§37 ©808.9, 9. OlmM)onQM Or any Qar@e dbrﬁable&héreuﬂ Tn c@r’tﬁn
1.0 nM or or anglsr ange derivable there

agébdc&mﬁn@nﬁmredgﬁmg agen rc@@mrﬁ@n@é@]’E gsabout at lleast about,
t
S AT RAh 0 ot A, 002,708 0 483905 9516 o 000, 01
02,083, 0.406.5, 0.6)8.7, 0.89D. 901 i mMCerM @r.ahy r@nge derigablé ti&rein.
0.7, 08 0.9, 1.0 nM or ervlet.
therein. tsud EUWH‘WF‘%&QUIH%QHO E&%‘Qg%'?rﬁs@ﬂ%m}ﬂ?n foRdmay
é@ﬁgg{ cdrﬂ ﬁsrgé%eqaalca%\/@ﬁgérldf a‘h‘ﬁHﬂH'aﬁ? @xérﬁﬁés of free

ven er or antl ox l'es of free
réd@bpﬁavengmelwmomdamstmdudelmare no| Iud@d touBsegrbic acid

WBiHo). - alphatasephorsl e P iR PEPe bt QAR
rﬁEfa?cSDrﬁﬁ” @Rﬂt#‘iﬁt '&‘d‘ L&ﬁ‘%glﬂé%@ﬂ% fidthbis GfiteS TEOIOHT6-

nMet abi su
Hydeoxyx2, 57, &tétranemwmmmz -canbowylic 2cidiaTnstd/Caboxyethyl)

aCI d?ayeT}%)@Sré%fg%{l‘eb o()‘%gl t)hméﬁt‘{’) hosgcmhg%eht'lél%/ 8§r§%ﬂlﬂ9e cgaelne
ﬁ?%sitfuﬂ'qlseur@@t ?@%UM%@Q{W&?%&% gk(;lg%fﬂglé;ig diésal-rebadodbic acid,
acetylsallcyllc acid, sallcyllc acid, lecithin, ascorbyl palmltate butylated
hydroxyanidole, ascorbic acid, butylated hydroxyanisole, butylated
hydroxyquinone, butylhydroxyanisol, hydroxycomarin, butylated hydroxytoluene,
cephalm, ethyl gallate, propyl gallate, octyl gallate, lauryl gallate,
propylhydroxybenzoate, trihnydroxybutylrophenone, dimethyiphenol, , lecithin,

ethanolamine, meglumine and combinations thereof (see US 2005/0106214).
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acetylsalicylic acid, salicylic acid, |ecithin,
ascorbyl palmtate, butylated hydroxyani dol e,

w@as@e/nios1 aci d, butyl at ed hydroxyani sol e, but yPer/@8208%5080613
hydr oxyqui none, butyl hydr oxyani sol, hydroxycomari n,
butyl at ed hydr oxyt ol uene, cephalm ethyl gallate,
propyl gallate, octyl gallate, lauryl gallate,
propyl hydr oxybenzoate, trihydroxybutylrophenone,
di met hyl phenol, , lecithin, ethanol am ne, neglunine
and conbi nati ons t her eof (see US 2005/ 0106214) .
2008/ 0430810'?@7@99@@%@@@1@' oxgdantpe. enéOQM%av'ﬁ%ts in the

&ﬁ%e e %& W’feﬁf_'?‘ e ngg‘r@%hﬂ‘ledérﬁ' o>%|6§qt' 8 & "% dium suiite,

mmtthearan@mnt c\z\‘;f)e @A)(w/spdllnwnesemdbodlment Jitee antdeeiamaaegg. sodium
0% - % on odi me nti - ant

i, 1 e anos b Pl 20l (6o SuAgETor! ordnal Bioohei
?9 3@ . f)see Swadesh et al., Anal Biochem5 (1984),

41:°3 ;/ n one enbodi nent, the anti-oxidant agent is

a spi n trﬁpora@embodlnmmwtiedximtmgenais aaspntmp agent.
EJRLnC' O SHifvu 3P agenisoheliap e aTe cob imited g, A-tgutyl-phenylnitrone
(P8} I)g&é@ KRsleX YS! htxid RBaSY Sﬁﬂa) I\/g Q@QWQHPWH r8>qﬁ262 6,6-

met hyl pi peridi ne- 1- oxyl
taﬂrﬁnetr‘gtplmrldn(@ﬁ)wyl (TEMROR:((Paribold, MLB)I, et a/edZOO@g Fgee;Radic.

Bl V. 2pa8, Mia Y ! 5‘5ac§$tsf?€§9@kg}é%)5@§@§>°l1.103, Mota-

Fhbe2 PP ot @2(1@@9) %ho%91§625%R229 £r S: 39-26 2,2 6 6—

tet fanet hyl pi peri di ne- N oxyl (TEMPO) (see:
taﬂrame&ym@rlcﬁmuiqmrgTE_M?O)53ge Lapchak, et al., Stroke (2001) 32 147-

5Bl o Bt e pREIG > gfonele Moride (XY-

058 bk Lﬁbcwék et SINSNE pHuRRev (20083)9:25262).62) . 15 | n

sore enbodi nents, the spin-trap agent is TEMPO whjc
is presern some ﬁl@bpdﬁ@ﬁ!\t%fth@ Sﬁ'@ﬂ@o agqnt(b%)EEEMﬁ(RgWh'Pﬁ is

RPRSLD e oTeE F g heRar e L@?E@aﬁ‘eﬁﬁfa%%m‘@%?‘fi“%ﬂgdthb%p'"-
tlaasipédrb;g éﬁafrﬁ:cgﬁga ?saﬁdegeggn nhé ram;ee@emo mg/kTQENPOOanig/kg
amafetrcﬁg@b@dj@eabrmgpm EﬁpsaQﬁntﬂ%TEEN&’é% @Hg I E?%ﬁﬁn 'Br?ﬁh%%ﬁge of
c?ﬁ]tgh%r %béﬁ@@p” se plrle_seryat ives. As used herein,

vative" is intended to nean a '
conmpound (Cietkdgenfiecseempodititnsgnfdie presentingentiorgzay optionally

c%l#r(\:g]nse preservatives. As used herein, the term “preservative” is intended to
mean a compound used to prevent the growth of microorganisms. Such
compounds by way of example and without limitation, include benzalkonium
chloride, benzethonium chloride, benzoic acid, benzyl alcohol, butylated
hydroxyanisole (BHA), cetrimonium bromide, cetylpyridinium chloride,
chlorobutanol, chiorocresol, cresol, methylparaben sodium, phenol,
pheenoxyethanol, phenylethyl alcohol, phenylmercuric acetate, phenylmercuric
nitrate, phenylmercuric acetate, thimerosal, metacresol, myristylgamma picolinium

chloride, potassium benzoate, potassium sorbate, sodium benzoate, sodium
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conmpounds by way of exanple and without limtation,
i ncl ude benzal koni um chl ori de, benzet honi um chl ori de,

wheosoiwsaci d, benzyl al cohol, butylated 25  PCT/US2007/080613

hydr oxyani sol e (BHA), cetri2zepni um brom de,

cetyl pyridiniumchloride, chlorobutanol,

chl orocresol, cresol, nethyl paraben sodi um phenol,
pheenoxyet hanol , phenyl et hyl al cohol, phenyl nercuric
acetate, phenylnmercuric nitrate, phenylnercuric

e S e
PSR ISS 0 O HASARAUBNRL an. Suc

6 propionate, sorbi'c acid
présevgatives rané usedimigquid ahalgogsnide compﬁsntren&yt typlﬂahyl

cBhEFeatihs i PeoaRasawilh acodiahle RETar oAt Beclre. sten as
desEbdd (sedlUiHe GMRICDSEESY ARarkiibe! éiatwrénat;:drmmlzgm Edition,

concentrations in accordance wt acce a bl e ot
(8666)rRackuiile,aM Dy Rarningten's Bhrymapeutical ssiendes {2004 Edition,

e e LBt BOE T WL o Agterfett EtbBbin i e

f@@éﬂa%% ibeAky HdRE Bhd (LHeBentAA She Famgte &% -T.0&%w/v). In one
Li ppi ncott, WIllians and WIlkins). In

. a
e:rrdcmcunnnnte theppifeservative irebenzybalsphelangds ipsegsnt iy the range of 0% -

FLEGHB). BB A AN S e e

Cﬁ@%(\}vn%prrﬁé @éhalhférﬁﬁtﬁilm@ﬁg ehed predtirvatile Os WI‘M p)arablem: in the

one enbodi nent , he preservative IS phenoll

oY ef(afO"/é)%Zﬁ%@WW D et OIS RIEREN IV isethy
e erv h e

Grirmiithe S (5 Y R ARRD; T e by BB8nent the
é@é@él‘(@ ||s\fﬁ0|b)ﬂ patdben inple edigge ofr0%-0e25% (ve). ofin @%ertain

-O 25% W' v I'n a certain enbodi nent, the rv%t vgf |

erebcpﬁlmwt t%)%\PEﬁl?@ﬁVqt'Net‘%EU%P@@ bgh. 'm{;\%razwf 0. ina
AT e Ml ot et

nt, the preservative is benzal koni um chl ori de
|ntherange of 0% - 0.02% one. e
combi nat i o oBe eBXRAdINERL: 8 &%%@?np%%lﬂ'gqﬁéeﬁeg polysulfide

ffggré%r{ Of: or{eﬂerﬁﬂ@dlgt%ﬁ?qgg‘éeﬁwblﬁd? Bn? BREPRInkPhafeduce

Iprénts ysul |de formation
salygulficeeforimation comptises sndlmmtshldf te imthe rengeef 0%0- Q.1%(w/v) and

ﬁﬁédq)w ﬁ@?anggﬁg%c)bﬂg Ogﬁél@ﬂgﬁp %fneoé)ﬁwt?oao r%%W tﬁ@ cw%me%ﬂSn of
excipients that reduce polysulfide formation are sodium sulfite and DTPAS5. In one
embodiment, the combination of excipients that reduce polysulfide formation are
sodium sulfite, DTPAS and benzyl alcohol.
In particular embodiments, formulations of the present invention
include less than or equal to 0.01 mg/ml iron, less than or equal to 10, 5, 2.7, 2.5,
or 1 EU/ml endotoxin, less than 10, 5, or 1 ppm carbonyl sulfide, and less than 5,

2.5, or 1 ppm carbon disulfide.
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exci pients that reduce polysulfide formation are
sodium sul fite and DTPA5. In one enbodi nent, the

wa@ eovbiomasi on of excipients that reduce pol ysul PCTI€©S2007/080613
formati on are sodium sul fi2te, DITPAS5 and benzyl
al cohol . 25 In particul ar enbodi nents, formnul ations of
the present invention include |less than or equal to
0.01 ng/mM iron, less than or equal to 10, 5, 2.7,
2.5, or 1 EUmM endotoxin, |ess than 10 5, or 1 ppm
carbonyl sulfjde, and | ess than

car bon di Serteing. thv\ebzmsrmrm!ted:@ﬂwmgm@soelf@rezv;dely
a@@%ﬁt@& %s%ocﬁ Q@dﬂ@é’%’ Sn@éf-’oc%&ﬁfwg ra'iad;sd? Ooﬂ&ge d%il e¥ed “Gen grally

errals are wd ccepie I'ves an
chogalzed 1ag Saafe”S(oaﬁGRWSl)estaqui wittethe' (&GS Eoatl lapd Drug
or "GRAS") status with the U S

PEH% ed as Safe"
B Hﬁ TDFQE&UCQ\&RPW%'PPQU on for such applications. 5
The presefhe #aPé’Q?\i Pﬁ(’:‘ﬁ fd?ﬂe.rﬁﬂlﬁddé@ﬁ?ts‘&'oﬁ?pr@ [fui N9

l'iquid pharmaceutical conpositions t he "presen
phareadtewical ¢omprmitlicmsmfdh®p0§smhtrwenticﬂu cln dertain embpdinsants,

t t t th d
sﬁﬁﬁkﬁ%s&%ﬁa@ﬁﬂe oS conianerbio te ekl pharmasertice

ﬁ%@.ﬁ’ ioREBPtHdBREentifferfiRRAP 38 bhe @B otimEAR iRAcdrpédifon is

tai ner under an inert or noble gas and the
stmad i thercandainesendes@nlioed ed nbble gasdridiheceptainer is a sealed

ratective an anber yi al
NS Omeer B AP g PR MBir Al B dinBe via
Conpositions According to various enbodi nents of the
met hods of the present invention, a biological
Brat eMethodssoipriepatied LiguichPhamapsuticgizempesitienscal

conposi ti r

i ntrader ng«ﬁcf:?/r%lq%ftorvggﬁyg%?‘rgqq@;ngntgﬁf gﬂpé;ﬁef}'l gﬁfég#‘?ﬂé/prlegent
invdntish s b@l@élééd matBHAIGE bﬁcﬁllcﬁd with Larlhumq&ﬁarmbemhqal composition
[ ntraprost at Caﬁﬁ’{rﬁ}é_l ntrapleurally i ntratrachea

of the iaMertiorn. v.9.i nqus@gurptg,adeirm(ahb\pat@aq{gnayy mtrapé/ntoneally,
w'1tﬂe§l{a§9rﬁ§|@ }r{ﬁe{cr&rﬁﬁ ,}’? fr{at1 E\éﬂl u'lé]' aﬁﬁl‘éﬁ%ﬁ% mtgarqleurally

iStedtfachaamp Uﬁt’rahasaﬂyl bﬁt@dimwélaityt mavaglnbhﬁmmreuﬂaﬂy I typlcally,
rrucosall?/ i ntrapericardially, intraunbi
Ya

intratuaecal mqany.lscy}aélm sr,mtrapgwpegguyy mtqa@@glaw Lg%utaneously,
e W BRI, pReobe, pRcaRiy! ioeaponeyy
|mddu¢arany dvaIBy a)plcailyhlbbally, bgnnjectaaora blyawfagien by continuous
infusion, by absorption, by adsorption, by immersion, by localized perfusion, via a
catheter, or via a lavage.

A composition containing a known and desired concentration of a
chalcogenide or salt or precursor thereof dissolved in a liquid or a compossition for
parenteral administration is contemplated. “Parenteral” refers to any route of
administration of a substance other than via the digestive tract. In general, a liquid
chalcogenide composition may be produced by, for example, by contacting (e.g.,
dissolving or infusing) a chalcogenide gas (e.g., H2S) into the composition to cause

the gas molecules to dissolve in a liquid comprised of an appropriate pH modifying
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A conposition containing a known and desired
concentration of a chalcogenide or salt or precursor
wo b@soefosdi ssol ved in a liquid or a conpositi oPCT/082007/080613

parent eral adm nistration 28 contenpl at ed.
"Parenteral” refers to any route of 25 adm nistration
of a substance other than via the digestive tract. In
general, a liquid chal cogeni de conposition nay be
produced by, for exanple, by contacting (e.g.,

i ssolving or infusi chal cogeni de gas (e

d .
agRbb {m@n%smegmwnth% amg@md@rgéasga@ weéema@@nt @nd s

Ay o B b s P A SRR gebls g n =

fiintheg reeneodirme niytime liguidh phaineaceadjeali abenmpsitiansis &obmfrrfsed ohg

BhePaddtens soliod cedirat e Seaprbved wik Meadditiod e single
eREPRAM GPgtch{%tidnod{'e‘ic@t@ﬁgmceut i cal conposition is

conprise chal cogeni de gas sol ution prepared as
descri bedThosenskKilhed mldUetafrtomillméccw&zmmlateth%ammmtmf@as that

Feohes 1 heauprpoion WlddReBdariamimBe ghuridhine Rcldfio, but

ndt FHAEY &S the sélhsmﬁ%mé ght HtHe lidundjélpﬁfIthcSm tlfr’e eh@r’ﬁ@;bl
of variables including, but not limted to,

coolpesitiontof thsf liquié ogaglutien, tnsdemr:qcatureo its maaure) nts pHhdhe pKA

of Ui eelnignd M s Sopresufpets iople énephas b 4t i odrggnuation
o?ﬂ%é‘s’ibﬁd tHe extentCFERARICtihg the gé§|m@ﬂ1€cscﬂ¢|tﬁcﬁﬂ@t@ , radé of and
as the concentration of the gas and the extent

d@lfatmmfamsql\\gng nem@mng)ntT@etmcgaﬂr@nqrbw the chalcogeiide g salt or

and d |

BB cefh hRlactih 86 1EhRRS) ARy L B iaton canbe
dRtE RSP Usih PietRbds kndviaetd thase dkitled frothetarbnThestability of the
parenteral adm nistration can be determ ned usin

chelcoogridenssaltop prersEzordheneptean be dgtermyined lenh@easgnng its
ﬁ%hggﬂg@t %aaﬁf%%ge&im‘fél%fg%g ﬂmedﬁll&xnngyré?é’r%tlsﬁ BF Hiahtfacture of

rmne nmeasurl

te® nqmatd@tobgemaétc@mpoanmnnwhem @deedeasefln theneoncentration of the
fol l ow ng aration or_ manufacture

cds\amog@g@mqyéa GPERGU$QSh ermép%maa@éctpé'a% épar%n& %@‘Ce"tfatlon is
ﬁ@g&% 6f%%§25‘f c?rf H&a%ﬁb&@% 146 eﬁalééﬂhém@é or salt or precursor

cursor ereo npared to the start
tpemoentration i s |nd| cative of loss of or chem cal

201 her coptomaeNatAARGI e ol chefopPhias ghatiapsytioa
PR SRR P Ba R FRY Iy Rbasuring the change, over time, under
controlied storage conditions (e.g., temperature, humidity, light exposure), of
chemical entities that are produced by chemical transformation (e.g., oxidation) of
the most abundant chalcogenide compound (or salt or precursor thereof).

In some embodiments, a liquid chalcogenide composition is
produced by dissolving a salt form of the chalcogenide into sterile water or saline

(0.9% sodium chloride) to yield a pharmaceutically acceptable parenteral

formulation (e.g., intravenous, intra-arterial, subcutaneous, intramuscular,
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conposition can be determ ned by measuring the change,
over tinme, under controlled storage conditions (e.g.,

wo eospetmsure, humdity, |ight exposure), of cPeMUsSEN7/080613

entities that are produced2by chem cal transfornation
(e.g., oxidation) of 25 the nobst abundant chal cogeni de
conpound (or salt or precursor thereof). |In sone
enbodi ments, a liquid chal cogeni de conposition is
produced by dissolving a salt form of the chal cogeni de
into sterile water or saline O.ggbsodiun1 hl ori de)
intragstemal. dntseRaT ’t%g'lnF@d%F beesAae feHPem aneiner

dn SBinahi ﬂﬂgigieprﬁrmabéﬁtfc%rgémH&V%i%rgﬁo%%'fe%ﬁléieﬁ for oral, nasal

subcut anéo I ntranuscu , 043081
(PGalatisa @D 266301 Bucad, arrtopiaal adreinistiation dosageeformentia |
and i ntr.ader pal osage form. | n, anot her, odi nent ,
FRTSRIPE SRR HeRde O MeyrHpaRifiaren o & pernig AR U g the
Sitility Pﬁg%l rﬁhﬁ?dd@@ﬁlo%tddﬁ’g)&fndatﬁrtewwencé%&Fﬂnizaﬂbn state of the

topl ca stration dosage forns. The parenteral
dhiatpoigenidesagwp dundninthig dase lofihidiogensolfideshydiagepigeienide,

h h | ubi | | h | i d d
0 G upbert e kigwile (Se SRS B AfmaD WA
iﬁ@@é@gg&r}irﬂﬁ IEMBR SIS, édIGuraBarigh, MiRineaRpotadsiunlen one

rogen sel eni de, any of a nunber of salt forms
amioadimeot, shdisen sulfide edsediumselenide itagisgelved testerile phosphate

including, bui.not, limted.to ' c W . .
BT e Bt A6 5 SR ST WMyprochiorc aci
t8 Q4 B sHltondst kKAbWAQDhUEM R oBNvkieh ican Biessiphiivtired to a subject.
steril e phosphate 10 buffered saline and the

His. .
adj ust ed ﬂ@varicpta@@bgq!in‘lp_r@,_th@!iq;uiq,ichﬁlcgggrpig@ﬁgmqogltlon is
acid to_viel ti , j i
A Sl Sag L hah YR s e hsto
QMeadingBAé Fquitite sbiutivh dvithhtak chglrogdride @opmeiundoin bee
prepared in a liquid or solution in whj CE the q em
émbodiment. meethieds oppieparing liagigRhaEnARRIHcR C?ma?ﬁ'@%ﬁ the
sol ut.i.on_ \m i T
Ratn sfoh 5 N RTINS ok ARRE R ont R oBOF alpect of
BaARSIUrng Rhdaftortage of thieeplarmaceuticdlicompositioherin one

conprise limting oxygen content in _each aspect, of
PERBAIEENG PHGERIRMERBITEgen d1e e Al bRt

i ) inith
SRR el pol PR, SRR RERm e S8t Fgpureiine
RPGRQS 0N A3 11N inflee phbovacesrtital aoxyapsitians Imeaeanekpdiment,

%)&%@{23% h%%ﬁrq%]ingaﬂ% r%qsggg/l%tjl (ﬂg{)ﬁ{] ﬁMOD 8r1%e|H ttl'|1eC gharmaceutical
composition. In one embodiment, oxygen is measured in the range of
0.1 pM -1 pM in the pharmaceutical composition.

Certain chalcogenide compounds (e.g., hydrogen sulfide, hydrogen
selenide), are not stable in the presence of oxygen due to their ability to react
chemically with oxygen, leading to their oxidation and chemical transformation.
Accordingly, oxygen may be removed from liquids or solutions using methods
known in the art, including, but not limited to, application of negative pressure

(vacuum degasing) to the liquid or solution, or contacting the solution or liquid with
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oxygen is neasured in the range of 0.001 M- 0.1 Min
t he pharnmaceutical conposition. In one enbodi nent,

we@xygemoss neasured in the range of 0.1 M-1 MCTUS107/080613

phar maceuti cal conposition30Certain chal cogenide

conmpounds (e.g., hydrogen sul fide, hydrogen 25

sel enide), are not stable in the presence of oxygen

due to their ability to react chenmically with oxygen,

| eading to their oxidation and chem cal

transformati on. Accordingly, oxygen may be renoved
afrreaa?nﬁvaupla§a5$ess@fyl9@ﬂdﬂ§e®ung Gieehriaed”. gieively remeving it
it solufigh udi ng, but not limted to, application of
negative pressure (vacuum degasing) to the liquid or

sol uti on, lroone embadinerd, thedigainl cnltalcmgemdel canopakitvart is sided in

2Q08/ 043081 PCT/ US2Q07/ 080613 ch
aaawsgmea%&ﬁnt%n%e Rpacu e eiaEEWhen B8 Soaep hes
éé@ Bﬁéﬁ rerf'mB\%H fGnUhs %Btutlbﬂ t& i Pﬁltgﬁ% gﬁ?ehdaﬁ&? of the

|qU| al cogeni de conposition Is
chajcogearidbloe salb ot arewrsor'fhereof sAqlﬂ;hmmailyl stolagediesrr inidegmeable

o8 gin RV e St TERES oY e BlFoBn g sas oM TS liauid

of BBILEIBACAIRINGh cdRblanPEoricPiHElis® bf fe&li®lved chalcogenide to be
Additional Iy, storage in an i npernmeable contai ner

mwhlamemu lmptermaeblemmmm@n gre suown 4o droserskilled in the art and
alc nlde om.t he li,quid .or solution

S oL ate woll Pt By Baey dbrthrisHlo € Badime8menble

cORrEARAThER B 0P8 se%dﬂjlééd”ﬁdl TAPRIVBREEXROSERNMPAINRT the gas-

are known to those skil in the art and 10 i ncl ude,

tight starageneantainet, @adnerd or noble gasagech avRivionen og aEJagaaay be

N r meabl tru rial, or a sealed glass
'R‘/tna;qeucgaér% %%%éﬂ? a&?ﬁ%&'ﬁ?g) {[@é% in the gas- tight
storage Cﬁnbmbﬁﬁlatearenhwmeﬁfs il phegaRaceautichl eanpositions
nitrogen or argon, may be i ntroduced into the

age staiethér a ightgieststan o5 aUioht-pratedvReontaingt & yial, such as an

ag?r%or%%e g'ﬁi@ clglrvﬂdooq%lt%qg $e3| I‘S‘at%yné&cﬁéagga 'Wgﬁa'[léésqp%é lt]1§ Preferably

fﬂ]@dﬂt@b%ﬂghtcdve‘v‘ip&?ésswelBihmmeﬂmtnmbbereye@ nlbegaen to
conposition is preferably Packaged in a Slass V] a
nr@,vem@f@v awri9t|vef brepkdowp oh the GQAROSIHAL:, 2p é%genta"\eﬁ "&ﬁ 'form
L
y2F et drR3P BEich 1§ pfvepflel BRAEEY pictenfifRbcherital
d%!gféc&atmcbf ithe eorfnpbmlo;s Ukis trizgtbe nmgsbsfﬁecmf/elylaghteved using an

ae{lt?e\/revr:;le%ogtgﬁére sb)ysteprag \t/r?aqtpleﬁJ |t%hso l?tfonet@be stored in an oxygen-
free environment are well known as many intravenous solutions are sensitive to
oxygen. For example, a glass container that is purged of oxygen during the filling
and sealing process may be used. In another embodiment, flexible plastic
containers are available that may be enclosed in an overwrap to seal against
oxygen. Basically, any container that prevents oxygen from interacting with the
liquid pharmaceutical composition may be used. (see: US 6,458,758) In one
embodiment, the container includes one or more oxygen scavenger. For example,

the oxygen scavenging composition can be applied as a coating or lining upon the
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20 degradation of the conposition. This may be nost
effectively achieved using an anber vial. Container

waymsem®st hat pernmit a solution to be stored i PCENS2007/080613

oxygen- free environnent ase well known as many

i ntravenous solutions are sensitive to oxygen. For
exanpl e, a glass container that is purged of oxygen
during the filling and sealing process nay be used.

I n anot her embodi ment, flexible plastic 25 containers
.are avail able that may be enclosed in an overwap to

Isien suianeniithe pIQAYch SURRRITIRGPT Etaining resARRIcEINCligns@s a barrier
tgggg’%téerﬂi@éﬂﬁﬁé%é’musf& £52¢hbng with the liquid

eutl ca onpositi'on 'may be used. (see: US

6, 458, 758)n dme embodiemdrd dihegméesertt ievention zmdllm‘eSI anletitbesof
one Oor nore oxygen scaven

For exa the o
P§%%ﬁﬂ£ﬁg§ RRABRFS E?QHCBH’Pé)éﬂ'OBé?OHM!SF%d §°"§"8 @aqnallf‘é%&f"de salt
in b thﬁo eﬁ#&&f gﬁp% E‘rgé&fe%{? LABR&Hurd Sulfide. In
pro

|n3|ge sur ace o uct supporting or retalning
amethes embddiment, the ctwalevdenide and salbincluggebuipre meatimded to HoS,

NerSeNe i Refick e RoaS rasrod B Sp B A e, RigS, Tas, s1s,
wrlﬁ%@%mﬁﬂln@hmﬁéh&w@ﬁs %f@?rdriihﬁgpl%téwlﬁéfélﬁséhne In one
chal cogeni de salt inaliquid solution. In one

emhmumehthe licuid tsrmtasﬂjwm hydreade solvtizodi asediunt hytiroxide
anot her enbodi nent, the chal cogeni de and salt
SP 'Plde, but are not linted to H2S, Na2S, NaHS, K2S,

KHS, Rb2Sih &vatler émbYdident (th@ﬁé’é‘ént BRentidf cluerS .a Rethod of

BaS. In one embodinent, the [iquid is water or
preRATjiigea phafmaoeuéealmmmntlonrcommmw&mlmgasew form of a

hofiPasoid 88 ERTHRSNFARE B0 L Iilar In fod fptHiment, the

llﬁbi@ﬁg @btds@Why&Bxid@@duﬂm ¢t agidad rgﬁroweewmm a
phar maceuti cal " conmposi ti on conprising infusing

gaseous f Bt varsusembedimestfe Aelbodseofprepapng bqw@ paagﬂaceutlcal

B8t ool s RO PR e

thy 8teP ofdj lﬁéﬁh?‘th@pH cF3hé Bompositios. anmrtbmembmmmmthpt@e pH is
of pregarl ng ulrd pharmaceutical conpQ

y g sddilieh e PIBOF of Ipﬁgirgg%glﬂpné \Rarbon dioxide,
nétg(% 1 SIO{ Ihg(r?] _oﬁ?ﬁ suﬁ"ﬁga% SH?T@Er Bibdaihad %@‘Sai_l-'ﬁ’ I‘E'Sél:fju&t,teé by

n-cer ment's, the
distjolang dittogeh hearbdalidioxivie, of hpdregen sutfide itb thg domgesition or any

c%rr]rhb?rzalt%?\ thgl%ro?opn grlle? érln%odlment pH is adjusted by dissolving a
combination of nitrogen and carbon dioxide or a combination of nitrogen and
hydrogen sulfide into the composition. In certain embodiments, the pH of the
solution is adjusted by dissolving hydrogen sulfide into sodium hydroxide, or
potassium hydroxide. In one embodiment, one equivalent of hydrogen sulfide
solution is dissolved into one equivalent of sodium hydroxide solution.

In addition, the methods described herein may further include the
addition of one or more of a metal chelator, a free radical scavenger, and/or a

reducing agent. In the particular method of the present invention, the liquid



ni trogen, or hydrogen sulfide. In another enbodi nent,

the pH is adjusted by 20 dissolving nitrogen, carbon
walk@giog®s1 or hydrogen sulfide into the conposi PCDOSIN/080613

any conbination thereof. Bm one enbodinent, pHis

adj usted by dissolving a conbination of nitrogen and

carbon di oxide or a conbination of nitrogen and

hydrogen sulfide into the conmposition. In certain

enbodi nents, the pH of the solution is adjusted by

I ssol ving hydrogen sulfide into sodjum hydroxide, or,

BaRRpdE oMo BRnulartRl Teased AN aIastnat contains a

V8848 ¥& he e the fiigat ehidfef d Rkt acéessH

i nto one equi \C}al ent o sogi um %/sgr gxi Jgg‘éoef%ﬁﬁ%‘ﬁ%ﬁlﬁ'q

meRsuréroant, atdition oh gassese and dispensiag avithonhgoritact: todhe outside

Lnclyde the addition of one or .nore of a tal |

afigpalicte, ons eibogine theNassrljS A thik ek Taskygtn @iongd

gfBRMitindsD 14 Be BATbodfherm! theBidied) i9fiushed Wftﬁ%ﬁﬂfg?n §asor argon

i nvention, the liquid WO 2008/ 043081 PCT/ US2007/ 080613

g32 te miniouze akygencennierdito agange ofr@0f 8\ U3 pill. i In aacertain

| ed ' hat. i NS. I hql,d
Figfitelnareterorie n iRour iR ettt s oDy 8w
TR fine 89ifdE BBRdentRMeh lof e IRfuid 8r&Iesgeridslcohpasificn RO
W t hout contact to the outside atnosphere. In one

detasainesbby the indial eennentration of Na@. neariexampde, Na®H solution is

AR G POk K0 abR sBRFe LA i onsee KERRAL
(DXPR¢Br ePB4IaAte bOmalariaN@&aClf. PhdSolptibn is3dddxybenated by
certain enbodi ment, oxygen content in the vessel is

dissebinawithargproat apsi for 63 minutegmdtileistigings diydragen sulfide gas
CRESFEHSPERIn s, Xt ML 4P RF e SRR te i e

rimje 6KABRR 7.8 Grose eiibodimerst, 40 apteytableipH tangetisibetveen 7.5
neck flask with any desired additives to enhance

a0 The so(utiopAy dispepsedhiparbe aghBnds RAPIVRATIN PTRRSUre

eol b : e ) .

0 BTob LSS Hplincd P L I B4 I Bfreven

oxggen (d-&Rpr tre sbilstion. VEE dispéhsing vialg ordvottids are @aced inrgglove

until the &H of the sol utjon isf in t%.tan e of 7't6
ogytnat s fus Bechiin acRpRIaRE AlToam P! ALeUHIBINIMER XA 19 8 range
o*?%t.dtﬁm 7103 n@g ra?ug%a%h%ott@& vigl i HLORed witdafgss&rerd rom

the flask u ositive argon pressure into vials or
dispenising. byhef Viblsiang! hiditblesharednpde of anbhr glage to eohartee stability

TR ] B BOu By BN Snd o koY, e U s

caps and using a crown-cap crimper to provide an air-tight seal. In one

embodiment, the vials and bottles are comprised of borosilicate glass. In one

embodiment, the vials and bottles are comprised of silicon dioxide.

C. Methods of Using Liquid Pharmaceutical Composition
The liquid pharmaceutical compositions of the present invention may
be used to treat or prevent a variety of diseases and disorders, including any

disease or disorder that has been treated using a gaseous form of a chalcogenide
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box that is flushed with a constant stream of argon to
m nimze oxygen to a range of 0.00 M- 0.5 gM and

weaoh/ost |l e or vial is flushed with argon befpeBUD07/080613

di spensing. The vials and Bsttles are nmade of amnber

gl ass to enhance stability and are closed with caps
lined wwth Teflon lined silicon or rubber sealed with
plastic caps and using a crown-cap crinper to provide
an air-tight seal. In one enbodinment, the vials and

St B ae o4 BB, pos i shg [993#'@@%031&%%&% Eetexmple,
tr@a{méﬂﬂmﬂi Qé‘dlgﬁ\ sﬁ@e@mas’@ééﬂ}ﬁ%ﬁl qU| a‘-h'n%Ubfja a ggfentlal

Phar maceut i cal Conposition ar maceu
treatrpenti for myscardial irdansties,esepsisneeet Hoin etmlyJ |rhfectu(§éﬁ31 47:155),

ey eSin Gkt Sl ea? EioPUST S kel Mepaiaany: (2005)

4p¥ ¢
bioeh b s EaRiloREEAR U 088(6%3%0@%@9 A CBRRAFaBiophy Res

szm&@ﬂi@ﬂsp%b as 4 nq@moarqiaqyaob@eal @e K:@tpbs&“tmken (2608) 889)
OB B e SRRt B 48 S B P50 ¥ b
ro08)a0d1 88), 'td‘feﬂftﬁ:b'@@culﬁﬁé’@blﬁcétﬁfhe(geéww éMtal 2actalPharmacol

I nf ect (200 47: 155) vascul ar normalities in

Sin-r(206R) &7:29Veto Edyee gestris injuy igfucedaydiug tegtmend o%)

Flprtei g e Gt O AR RLAITSR R0 13380 1 Yiiseogh

afRYSION AL % hmla(té mko@te&ne@rat@t infl@infreitien (éé’é)(@na&ﬂ%t al.,

I N ocardl a |SC em a reperfUS|0n |n1ur (
A d 006 20: 2118:2120)ipsrestiergsTunel el@I“atB%)B otal,

RS STR Bl Wy e Mt

JP&]TL(QEOBWM?)tancdfw gnfi-heaiceplie &ffants mhﬁbs‘ﬁnﬁrammatorﬁ
al ., Gastroenterol ogy (2005) 129:;1210), to redu
hﬁggrtspaﬁﬂylﬁy Additiena) ﬁxgwglqscprgpqup uses and related mformatlon

ﬁ%@%ﬁ?%géﬁgg '@%ﬂ@ﬂg@t%@r&oﬁﬁﬁ%}tl@ég:ﬁﬁé B Gbedto induce

stheid ongrelsiasié fea Vaﬁetylaﬂbhﬂo@calehatzér and riaay alko be used to treat
Phar macol . (2006 §35 .280),. irritahl e bowel syndrone
of Br%%elnhtndweesul g fpm isc ?O(i‘de@j'aslg 447) and for

anti - noci ?ﬁ@ﬁérﬁ?“b@élé@%ﬁné Posterd %’El}élobﬁal material,

hypersensitivit [ on exanp es of therapeutic
inchedinguoellls, ebmesd orgens; emd/oonrgamismns, LaMEanyztEninbmat’lm‘olhereof It
itions be used to induce

s ponPupied Il e ey & e prep Bl eniar S o Prhgidegion 2
pARbIERYorghRi8mP@us 88 it Lells] Rfissue, and/or in one or more organs),
whether that part remains within the organism or is removed from the organism, or
on the whole organism. Moreover, it is contemplated in the context of cells and
tissues that homogenous and heterogeneous cell populations may be the subject
of embodiments of the invention. The term “in vivo biological matter” refers to
biological matter that is in vivo, i.e., still within or attached to an organism.
Moreover, the term “biological matter” will be understood as synonymous with the

term “biological material.” In certain embodiments, it is contemplated that one or
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or prevent injury resulting fromischem a or hypoxi a.

The term "biological matter" refers to any living
whi@Bogiosal material, 20 including cells, tiSBUEES2007/080613

organs, and/or organi sns, amd any conbi nation thereof.

It is contenplated that the nethods of the present

i nvention may be practiced on a part of an organi sm

(such as in cells, in tissue, and/or in one or nore

organs), whether that part remains within the

BRI 5 aHP R BRSGS SPPAIAL® oL A OIARIART o N EiTh deolated

cBRPeaIdeddb destiise &ith l?iéldgic%ﬂ3 Hid%tet NRis QBSOS R the

het er ogeneous cel | popul ations may be the subject of
mathods nfethes>r©$ertt lirventior mayove prelcliced omirt vimo andier isolated
bb|oIo rmtter refers to biological matter that
f‘gOQ'ﬁ er .e., still within or attached to an

or gani sm A d@ﬂrt@é\/&i acddiing &6 the RietldA3i & dhe PRISEAT invédhtidn may
be understood as synonynous with the term "biol ogical

beegukarygtic or prokssyatis. ineetain erpbediments, ithe eglhisawspaoda. More

PRt pCand crBBRRE IR theleel i SRARTT 4 R o

i1 6L ibSiareTH6t linfifad {0l tRedcfr&fh"'a hGMBnb@oHRSd nﬁcsuséeseﬁr fdbdit,
such biological matter. It is contenplated that th

hegtstRidg0at Pigheopr ealelerret, mﬁh@ﬂp,ﬁw%@ pMa&QV@éope&ﬁ of the

lqv%gg9é§1§)@é ?@)IJ %%Lﬁt lﬁchgé)nﬁée {f’%s s tatrg hagl%uf(s%?lcblls)

Adatrinailp rtellg ynaydise pulklplold?falnéuplbldo r‘oﬂ baucdeanec THerr;eII can be from
certain enbodi nents, the cell is eukaryotic.

qdaartlmdan tigsug oriaRgars eeicB s dRaRe ing; KidRey.dwer. qogegnarrow
Q{In c#]ef v romlefa/aﬁoﬁl%l Ll BloolNSth4f frtedtite, %rr§e Mstine,

ose unman, rmnke nouse,

b"r@qh bsmnal donadresresoth gowdcle, rslkgletatl mmsodmtqvafye tesdis, uteous, and
sheep, or horse. Moreover, cel ven

BRI A la.c&rtamﬁmbwrwﬁ% toeSelcan FE characlErizRy s bne of the
f&?q‘?mﬁé ol %)éseglla?ez%td n uc rﬁMo\Syt ﬁllcreﬁ p21 béc gﬁlpocyte
fibrmastaepmdhabméllaendmthehm cell, smgeth, mgsaié calk SHe@tal muscle cell,

o S R 2 bR Rt co,

b%[)ﬁ:ﬁlvle rb%ﬁ%b?@sal cBi 6HnﬁbusscféIIrU@fbrnCrS,HrFIea)S %@?ﬁ '&elméﬁécﬁent
skel'e

tal nuscle, ovary, testis, uterus,
plurpdiéntadr nowitipboteht), wdettiized enfemllzedmogytet hesp,e;m can

D e SO Sk AR Rl 18| LR AR o B Sicinary
4l feRh&anings. Though tissue is composed of cells, it will be understood that
the term “tissue” refers to an aggregate of similar cells forming a definite kind of
structural material. Moreover, an organ is a particular type of tissue. in certain
embodiments, the tissue or organ is “isolated,” meaning that it is not located within
an organism.

The terms “hypoxia” and “hypoxic” refer to an environment with levels
of oxygen below normal. Hypoxia occurs when the normal physiologic levels of

oxygen are not supplied to a cell, tissue, or organ. “Normoxia” refers to normal
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fibroblast, epithelial cell, endothelial cell, snooth

muscl e cell, skeletal nuscle cell, endocrine cell
wa@bdoalo43wel | , neuron, secretory cell, barrier fRODUSINO080613

cell, contractile cell, abBsorptive cell, mucosa

cell, linbus cell (fromcornea), stem cel

(totipotent, 20 pluripotent or nultipotent),

unfertilized or fertilized oocyte, or sperm The terns

"tissue" and "organ" are used according to their

ordinary and plain neanings. Though tissue is
pbwpkogmlews&épxmen for ihe parb@ulah@e! peoee!l siale ortisgue in

term"tis e,,.r e e 5 I
o, ARy i Fecbehe B R IR il afftnose
|ddisPIEEellufit, OfgaRTdr icsganigiaalt iypokar Thase amfhdttloas depenhd on cell
certain 25 enbodi nents, the tissue or organ

tynes @ndrasdhe spesific agchitesture or pasitien of aeal %thw @ H?Srve rProan,

S04 P PRl B LR i PRCpRHOBKEl s venton
HW@Q&lo@anchlﬁ chigiercdnditions immahigbhyxygeh ccgnceriteatlehss af or less
xygen are not supplied to a cell

tha patRa AIMPEphars CaCHioNaInaVS '9%@%3%820059 A6, 16, 15,
ﬂéu%opﬂ ﬁ896§'37 658 9@52 ql 993 @)% exfbHaflelP 888 nlifbers

parti¢ular’ cel'l ' type, state or tissue in

d&bumsrfelpment teoparaent of atmespﬂzmeracté atrfnoeulyqerpf prml@e((w1 3
conditions" are those _|eading to cellular

GRgarfaoE IR APIENRRSOREBR AN ARGenSeRRt ERIRR Zero
téf@eq'rt defl Heﬁ En&ti@ cﬁﬁ(ﬁﬁbﬁé CTRUS MypE%iE 'ébﬁdlﬂbﬂ@ﬁr‘éldd'e%o&fc

I'ssue or organ, 5 as well as the
Jontitiont | aithsjugh irs sormetdmbmm|1nbntstVp<p(j¢ p@ﬂﬂ;@omﬁ ofiniad less than

c@éﬁ%fl@'ﬁn@"rﬁé‘ﬁ I n@ﬁ uo%gglgﬁClegﬁ\ggrhtp%lgﬁ%gﬂﬂlghé‘g%ngptﬂte oxygen
%@gm@g&@ oé%&%ﬁ’f@@%igﬁﬁ?ﬁéﬂl ons, that is | ess that

17, 16 14, 13, 12, 11
8, 7. 6, B\tstandard BmEsrabIres andpreusyEs G%Tp)vwlaw qxﬁ@%%d to air

nunb d t th
OSSO SHose e e 1 By BG R Mo bR RO Ratfon
By POXRP TRBGE vmerpﬁhhégmd PWarmaceeticas @haleogerade onmpbsmenas
rcent defines anoxic conditions. Thus, ﬁ
fomdiatedamswatacaudi exmmledelsmmﬁ walghare 'éﬁdtl%ga & hyppxic
SO enbodi nent s, OXI f
r{g@go&}se 6. nﬁ%l Crg@?cgé% eérkg\lnﬁwﬁ phl\@‘r%ﬂgerﬁéthbﬁé‘n

&é’é&‘i"lb&d PRfein %\%%bwtt@ ops\sliled is thecamt r at i ons of
around 20.8% or higher. 15 At st andg:rd terrﬁceI

and pr essUn@npiEPemhesinent SgsBudaiionfvgexia |

which oxygen concentration is at or less than normal atmospheric conditions, that
is less that 20.8, 20, 19, 18, 17, 16, 15, 14, 13,12, 11,10, 9,8, 7,6, 5, 4, 3,2,1,

0.5, 0%; or alternatively, these numbers could represent the percent of

con itions in

atmosphere at 1 atmosphere of pressure (101.3 kPa).

Standard methods of achieving hypoxia or anoxia are well
established and include using environmental chambers that rely on chemical
catalysts to remove oxygen from the chamber. Such chambers are available

commercially from, for example, BD Diagnostic Systems (Sparks, MD) as



10

15

20

25

conpri ses 280 M dissol ved oxygen. In certain
enbodi nents, "fornulation hypoxia" occurs when the

wo e@iogBophar maceut i cal chal cogeni de conposi ti oPCT/BS2007/080613
formul ated in water and oxpygen levels in the water are
reduced to hypoxic conditions, i.e., oxygen in water
i s reduced bel ow 280 M using net hods 20 descri bed
herein and known to one skilled in the art. In another
enbodi nent, fornulation hypoxia include conditions in

AT ERlrPaRE  Chigon Hevile srveines o0 B0 AP

Eh9broﬂ{ﬁent%70h&ﬁvbeils5 Aﬂé‘l’naﬂ«;’ely{ IAygéd mav)oe geplgtedn y n%ch%nglng

5, % or ernati vel Y, t hese
ﬂtﬁ)@lr in a ébambehwﬂh lReNqreoXygen gis, sactnasinitiigene Quygen

BHEEEH o) S BRI rbrels sipgia VREE RV a Anaiyzer

(BaharaeH, Lp:]l@sm?rmg,ognw ronmental chanbers that rely on
chem cal catalysts to renove oxygen fromthe chanber.

Such chantfeene embodimantdbederng ¢ ive amoynt’mefers taothe amount

S BRR ot R AOEBblseaM o T M EREBee con ekl amount

id e d@@iple; drpameunhakivEen Banhiseasd @ a Bhl@aB/éiject in need of

Envi ronnment al Chanbers. Alternatively, en may be

ﬂmaéﬁr@atwté&@mgpﬂgd Phaee giar Rhasg 3c<H@ b la}vaCrdL@eS a
e T

Anéflethvénprgent éma?énme ithe 5un(vB&bhw etihiologicat ﬁhlttegm frédponse to a
I n one enbodi ment, the term"effective amunt” refers
disgag® er Kiyner an ﬂmouehwabmuee%s@sm&wﬂﬂ%s met§9|bd°'°9*°a'
rﬂaﬂte ne enbodi nent, an "effective amount" s, for

exarrpl e, an armunt that when adm nistered to a human

subj ect i it wilkbe uatierstordi that wher étdueirtg stasia ot pre-stalsisdd a
Phase 2 or Pha&e 3 clinical trial

d .a 10 .
tigpug PLQI0AR) a1y SHSGHYerABANL IHRRR At i i g%f%%%?f Riggstasis in the
tESHBEC ﬁ%@%té‘l’rmﬁ@d E}/ %’g{)ﬂe% ivd ¥9nouﬁ{‘o1e<félﬁ1§r'r¥§plratlon of the

anount ances the su 1ty of biol ogical
tissug esprgase Acsoalingly s‘eaexxample; iijthe &vebmf cmygamqmumlbmn by a

e SR R P 1 bR b R P g oot about 2-
fGH B S5@Y) Bfter Skfdslfe tda Barticular amount of liquid chalcogenide
composition of the present invention, it will be understood that the particular
amount is an effective amount to induce stasis in the heart. Similarly, an effective
amount to induce stasis or pre-stasis in an organism is one that is evaluated with
respect to the collective or aggregate level of a particular parameter of stasis or
pre-stasis. It will be also understood that when inducing stasis or pre-stasis in an
organism, an effective amount is one that induces stasis or pre-stasis generally of
the whole organism, unless a particular part of the organism was targeted. In
addition, it is understood that an effective amount may be an amount sufficient to

induce stasis or pre-stasis, or it may be an amount sufficient to induce stasis or
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15 tissue or organ, an effective anount is one that
i nduces stasis or pre-stasis in the tissue or organ

wa@soodet®sm ned by the collective anmount of cel Pal/a82007/080613

respiration of the tissue3or organ. Accordingly, for
exanple, if the level of oxygen consunption by a

heart (collectively with respect to cells of the

heart) is decreased at |east about 2- fold (i.e., 50%
after exposure to a particular anmount of l|iquid

chal cogeni de 20 conposition of the present invention,

pre -stasisl inisembinationtwitanather agant gastimglil @g.. aspthgicompound, an

ef f nt to induce stasis in the heart.
r@'i‘%’ {)%gﬁi?,e\ég?\%@%ective anount to induce stasis or
pr e- st asi m ¢gtainembodiments | the dmgthddwaind sompasitiahe of the
W th reS{)ect to the collective or aggregat e Ievel)([?I

pgesmt inventien ingyea stasts orgyrestasss i e bi pgtiat materia
trg'? d. % ﬁéec'oo h&iHe “‘ii‘ég Q4 dilialo \ggﬁfbeﬁlgé‘%ll&%téﬂeﬁﬁhéfeﬁrblologlcal

stasrs’in an’'25 0organi sm ctive anpount

nedteriainablivenbutde shatagerized byne-artrasiesofdbe éollaiing: @it least a 50%
t he whol e organi sm unless a part

f th
(o7 i BRI aPGBarate o Poraropt RS appuBnpy te
ofdlB8icA Inatd G kS £36%YealBorPR 18 rABR Bincilth b Gkydn

ce stasrs or pre-stasis, may be an
cansunpticruby tha Isiologioal nwec;earsitaisleast armﬁ@dzormsemmement or
PCT/ US2007/ 080613 37 2 @n‘ol nati on,wi th heart or
meeitibh@ppligienrly & cels At gstiedhal move, GLERAS SBRPB GRS OLA he

a{ bl tvi,l]ﬁ%\sé"laglg € MG f fhe érﬁnr& ngtaﬂis‘?n)e(%ﬂébtlwwtréferred to as

conpositions of the present invention
“ceéltiumeesmamoa indicatoes’st asi s i n the bi ol ogi cal materi al

by ponet abB S shbagaeus o B nygRid it gpHpiatb that there
@BW& Bkt aF"é%&ta&écﬁItl &gt rhdst%@upé 200g-e4.06- téhe7-, 8-, 9-, 10-,

oW Ng ast a 50% (i.e., “fol d) reduction
15, ZmeZB-aBQ— @5- atbu4’-, 50-, &8 bitsh, @I@-oﬁpdéloﬁr J@@ct2Qh: 230-, 300-,

195 4014 Eak B s, 3o 0, BTG 00
Si190p8if6R! orblettdudith itthé &a’iétof axyd¥h ctmsuaﬂmenlby the

novenent or 10 notility (applies only to celllil lated
hiolegical matter, epapy rangehderivablasihereinl Piegiativelye HCQSFemBae

asi s i ion in the
oL S0 B3 BALES sl frp recucton
RRSOI 6:8/geAtonBEtpasPbY the biblbgial fredtter ee‘abdutmhteasbfat least
the invention, it is contenplated that thg§ cﬁi‘tG 63, 64,
athooiior atmos @bout 50, §1e 82t SABuLG. 8. 3 B3P B &k 6%
55_,’66, 67, é’8, 69? 70, ?1, 727,73, ?4, 7‘?,76, 3’9, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% or more, or any range derivable
therein.

Any assay to measure oxygen consumption may be employed, and a
typical assay will involve utilizing a closed environment and measuring the
difference between the oxygen put into the environment and oxygen that is left in
the environment after a period of time. It is further contemplated that carbon

dioxide production can be measured to determine the amount of oxygen
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15 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, 60-, 70-,
80-, 90-, 100-, 150-, 200-, 250-, 300-, 350-, 400-,
wad2@8/043%80-, 600-, 700-, 800-, 900-, 1000-, 20POF/S2007/080613

3000-, 4000-, 5000-, or 16800-fold or nore reduction

in the rate of oxygen consunption by the biologica
matter, or any range derivable therein. Alternatively,

it is contenplated that enbodi nents of the invention

may be discussed in terms of a reduction in the 20

S AR TRl 855 ke P
phoductidn, Wilich %ulcﬁéorr@%on@?o tﬁ_@deé:r@as@ in cﬁ%geﬁ%onﬁ?mptlon

64, 65, 66, 67, 68 9, 70, 71,

77, 78, 7As uged hgrein dpre- staSIsénefe&sto aala(pormtabasz stgtg, through

w%)ch &&I’ %%| m%ﬁer thst t??lﬂSlﬁ@f} H)gr%agﬁg}%;?g /ﬁrgystg%rsﬁ%glgamgtenzed

any ran e deriva %1s's

b@xyredoctisnia ingtabensmigyithirethe mdleyiedl makeiabof 4 Miighlide that is
assay will involve utilizing a closed environnment and

'eﬁéé%féﬂ ey defieed s siasiserlpordet ipashiavRetaniy yeing mieffactive
c&%ﬁoﬁﬁ‘d’ 'th@ %‘i[ﬁ |c§\rmat?é$y|%%§s%$}ﬁ$ Irﬂﬁt%t r?rﬁ&}l{%ﬁ] hurlr){@hea graded

envi r onnent €r a perio

hgporhetapolid eldaté hxahhlclarowg\en &manqmana:mo& prbdmﬂobere
nmeasured to determ ne the anount of oxy

resiisafidessoiban S8Y Shedivlogisamatiers %taﬁhs%ﬁgretrrwnbyn which
n%té*%&ghf?é'# céTgHr%splrcT#?lUﬁ is Féb%r d ‘i’%¥ cf%@r%el‘éEE i R i,

on dio correspon
demnw«ekzseasme bﬁ“pme@,smns”consun”ptl on. As used herein,

"pre-stasjs" refers to a onet abolic state hro h
whi ch bi ol @éﬂ” %Y%rdﬂusrﬁjég oqiments, Prestasts s QQEWC@”ZG" by a
R ‘%é’“ﬁ? QF Y d S s U RHEL ISy et Ty ISP WEI Gbqua to
1@ @%,t3%de10%al 5%s 20%5 2506 80% ,188% dﬁ)%n&)%aer S0%sassconmpared

or der |s usi ect ound,
(6 O TR P Y DGO GoR O B e Iy BORIRENtS, B SRS
chifzeitiRed b?ﬁt%d.ﬁﬁ WQWW'ﬂrSm@E@éﬁtr}} ihtd"@ﬂa@i% lﬁ*é@lﬁﬁ\se to
consunpt 1 on and production are reduced |ess
aboWter stimbk driits| ahyltxcm enfrancersurgvallofar @mtectrmglnglcahmatter from
ch 10 sm. or

respirati C

dfgrage sae s foguar e crteronibifissl dint Iseaie G
blé%ﬁfgsbﬁﬁicﬁIarlyltﬂ’eéﬂ tHa® Ban Iehdvidrirevsrs DI RsHuUSRInSage,

pre-stasis Is characterized by a reduction in one or
heogrhagiti smpb,r@r Ieﬂwamyt albile medmds\afithe present inveetien explicitly
exempln‘o d hé]rléln may refer to inducing “stasis,” it is understood that these
methods may be readily adapted to induce “pre-stasis,” and that such methods of
inducing pre-stasis are contemplated by the present invention. In addition, the
same methods and compositions used to induce stasis may also be used to induce
pre-stasis, by providing them to biological matter at a lower dosage and/or for a
shorter time than used to induce stasis. |

In general, according to methods of the present invention, stasis or

pre-stasis is temporary and/or reversible, meaning that the biological matter no
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1% 2% 5% 10% 15% 20% 25% 30% 35% 40% 45% or
50% as conpared 15 to nornmal physiol ogical conditions.
wo oosi®s1 enbodi nents, pre-stasis is charact epCZEs200¥080613

its ability to enhance or pponote entry into stasis in
response to another stimuli, or its ability to

enhance survival of or protect biological matter from
damage resulting froman injury, the onset or

progression of the disease, or bleeding, particularly

bl eedi n_g that can lead to irreversible tissue damage
longenexipith iin ehaspgierstics of stasimpt sgme Vaier @onﬁbmﬁmaw g that

tkgﬁn@ﬁtq? ﬁB{ sd {b&?% tRa bf&f@ib&l'rﬁ%t)én?ﬁﬁ%gf‘?h 'o‘?‘?je%‘g”ﬁf)hé‘?s

un er st oo

t hese rreAbmfdlnlgEty vlaaoueambloyllrmias)béthet methmdscbéthe present
pre-stasis,"” and that such nethods of i nduc

inleplian aus BF Bre-eiasiBipinEiead by treRdng Dislegieal Mot viyen
t'{ob | ngt%'léq g%lm rﬁgscfutggggfttge, %%éce %ﬁtné}ﬁ%t

induees stesissdirdnly ptself od| altgrmdtmmyl; by Irieating bmddgiced matter atith an

aMRRL &1 90 G CHAc BT RRS TP e FETRER HBRE R (aoes

nga Sﬁﬁhdhéﬁ’ QQEEQ‘R prelsBisS bRl insRiaR; §Fc§ﬁbt%s'o? ehBER&sah¥ ability

reversi meani ng that the biological matter
ofor Hexr2as8sy eI rae@ined$20he/E@ogic3! matel ioraphieve stasis in

FSAHAeIR AP SIeh sy Bl R FTRE Rofh ti0oq FReRbe.
hXESmQ' S RELiv8 IbIdBiRY], Ior trebit@ént WitHb RS oPhofE 6 ASEIREDMpounds,

cording to various enbodi nents of the nethods of the
aprdeseribed hemin.i on, stasis or pre-stasis is induced by

treatin i ol I {1 t.h

17 ot "2l o B, e TRl Bl Blsiionof e

dréfi‘éé‘-”rﬂ'ir\\l%:ﬂtlér'i‘15!,I usddNBUfeRt of bsvieht MiUTPEd bivlddic Infatter exposed to
ternatively, by treating biological matter with an

isohenic oohypoxi¢ cefiditprshdn ebgembradimehb sRess BAthods@fe used to
tfﬁa Qerg erﬁa{v%ndﬁcf l\:éqn%o%?e uﬁ%%g#)h?eu whB3He guﬁeﬁﬁb% to

or enhances

u@]ﬁh} kraVimaldr @hticalesare aeatménte lhjuremag Pl et dy external insults,
bi ol ogical matter to achieve stasis in 10 resg nse to
sunbtahehurm iwaunds, ameHtasiens Hunshet WPYRES, ©F SHE! %Ha“ma

P 6T P, BB, Pp R RO SuBh st . s

d?%é?dlé@ﬁﬂ‘eﬂe hea atthck that tesuilt ie tiepacute med;uctlohen bquulahbn or
rgggétlrg?\gel# tc:rgtﬁlatlc;:nogeg '(SoI rgénqlr;\vgfswte r;,steress such as exposure to cold or
radiation. On a cellular level, injury often results in exposure of cells, tissues
and/or organs to hypoxia, thereby resulting in induction of programmed cell death,
or “apoptosis.”

Therefore, the present invention contemplates contacting tissues,
organs, limbs and even whole organisms with an effective amount of a liquid
chalcogenide composition of the present invention as a way of protecting them
from the detrimental effects of injury. In a specific scenario, where medical

attention is not readily available, this can “buy time” for a patient, until they can
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present invention is used to treat or prevent injury
to biological nmatter exposed to 15 ischem c or

whgenimscondi ti ons. I n one enbodi ment, these PEL/NSTO7/080613

are used to treat patients4who have undergone, are
under goi ng, or who are susceptible to injury, trauma
or critical care treatnent. Injury may be caused by
external insults, such as burns, wounds, anputations,
gunshot wounds, or surgical trauma, abdom na

sur_\?erg, Br_ost ate sur%r,y, internal insults, such as
) : ; r
§ 3PR'RBERte raedigplattantion. Jhe giresentinvestion glsgrgontemplates

r

n?étﬁ@cﬁéf(fotr %ucfr%?ﬁgspggg%%&eraﬁ&yéﬁd TABGHﬁthileihrg gn grevention/delay

cir ation, ifons I1n circulatio

ohbivlogical pracesses et mauesubhn delpgsdiweund healirty amd tissue
radi at i on. . a cellular leyel, inju often results
regEnETR:r 10 1B CoBraxs.In SPeRaTies in b ess 5. Subsiantial found to
tﬁ’é"?rﬁﬁ'c??or%é?ﬁérﬁpé’qr{ﬁémgtth_@%k}] ibé\qﬁﬁﬁéﬂﬁitrpén ﬂﬁ&’iercﬂ%genide
ce eath, or "apoptosis. 5 Therefore, the present
compesitioo rRidsointtbemloaind heabing and itingue iegenemtiongrozass, by

| i ths and .even. whol e or isng, wWith.an effective.
mafAgig e toipaigal rocesser dbganhiod healifband redensiation, In
aBbRRAS V\!dEM@rHe'aﬂﬁ?,%ﬁel%oH@bf fHe iRVERtRALdaMdbd MeETEmER R to

the detrinental effects of injury. In a specific

psexamh of eatiraurea such ealcardiaq amestan strokecand kempirhagic shock.

il abl e, thi "b tine", f ' til
ket donerehsp Bt sesmaiBie BuBE et rolidmergency
SARPEA Db & Rirds dueR lasMdrRBES By, HPRrabAFEBAd sPMeARRitraisaction or

al'so contenpl ates nethods for inducing tissue

caetiahsurgenoc RNaHD swb sHensRiNsUsgenadaheilisey del ay  of
heat {ou” Bk PES R ERaihe TRULIE s d Pt oo

heal i ng ah s context, In
irﬁﬁ%ﬂ%dt@é td nidHcelsuriieaisiiityand meberitagthedlic wiumdesutingfrom
the linmb or organism contacting the biological matter.
oardiac arrest equatwkeh Accotstinglndn opeRrRRIHIMERAL AiIRrESRNt iRyention

wound h i i : L O0: Ol . .

A BT S BifaoRd M ERARE bE I BB RI o Ry i 2 patien
SaREriR§ FOREHEAtirRR. of cardiaddirestan strokepcomiprisiad proyiding an

nmet hods of the invention can be inplenmented to,.
gfiectienamennt ofcan ligrid ghalcogenides tign tg e patiept before, after,

750 Bl BB ORGP o Lafi whusrl s
ener gency Thedegn Ciedatmient ofia daeassuahuses Inéreirp@cﬁ@'smme
e e e = S G g G e SRESHS R, pancion o
cjié&aer. The purpose of treatment is to diminish the detrimental effects of the
disease, condition or disorder. Treatment includes the administration of the
effective compounds to eliminate or control the disease, condition or disorder as
well as to alleviate the symptoms or complications associated with the disease,
condition or disorder.

In certain embodiments, methods of the present invention inciude
pre-treating a biological material, e.g., a patient, prior to an ischemic or hypoxic

injury or disease insult. These methods can be used when an injury or disease
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In certain enbodi nents, nethods of the present
i nvention can be inplenented to enhance survivability
wa@ap@spswsent i schemc injury resulting from I1BCT/HRZNACS613
arrest or stroke. Accordinghy, in one enbodi nent, the
present invention includes nmethods of enhancing
survivability or reducing ischemc injury in a patient
suffering fromor at risk of cardiac arrest or stroke,
conprising providing an effective anount of an liquid
chal cogeni de conposition to the patient before, after

with the pRtessiabioccanse isghestia o bypexia i seheduleskqrslected in advance,
of ﬁgégiécgéd H ég\aéncgrtﬂ ﬂ(él? If)%c r?gE;J?flplhs r@lu&%%g{ é%re“?tcﬁfm%d to,
ntgbesuresy Wisdreddodides mpydmoek spentahbeugly seasa,result of a

condition gr disorder. The purpose of tre nt st
PERGRNNTS, I¢ardiap WETONPREPYRASS Jh WRIMEOOenRion g @1@ d may be

céﬁ%%ﬁﬂs%ﬂ 'in @n r\%%éulagpgg\{:eﬁ“f Bk bloBA 'nH’éL})eﬁe P&?uced (as in the

stratiron o ve conpo

settingi of zbrorrary adetyrmipass graft (BE) surgedy)t onin tbe treatment of
di sorder as 25 wel |

[ .
0@ APRAUE iPHRS togeapyahot owa}t%ge%yf'rél of *%B%%%){ ahe SAGs pptation
imb adfeéﬁfm in ne8d 6FA4 8 g{]agﬁ@t%?ﬂlém n@anﬁéﬁﬁglﬁdéfbdtr&e not

present 1nvention |nc pre-treating a bi ol ogi cal

liritedrto ainedieabconditiqnatin evitich arisk of infuraer diseneerprogiession is
hypoxi c

Irmeragte@ aBihasoflediot sl bdie: (SH G Tg0asy  Bieding
ﬁ}éﬁ?so ﬂéﬁ\%@\@é% stfoke¥ fohoﬁlﬁ\? R&jof Frbumla drdlsaiisss), or in

I'SC Xia IS sched or elected in
vﬁdMat’rteensk cam tp)e disdigooset u&nga\ma@léaltdjagnmwefdccur

Exanpl es cl ude, ar,e t
sur ger y E ‘fﬁroﬁgg @Pd&?%ﬁi‘rﬁ °§S%é ?‘gﬁg@s VO as
ﬁngtsuﬁflva"onW Al ?ﬁé\ieﬁmn? arrrékkémbldm&é)ddmayﬁs&omrblood loss
xygenation of the be 5 conp roms

ormﬂm latk obygenatiafeio aalispr Gostes, o0gh ﬁﬁﬁr%'%ﬁ @Q@dFSEate
tgglq @rl%Iy ﬁ;b rﬁayf ﬁg‘ﬂ?r gegé"a!réf FbF gié{m@%pa gﬁlglreéa Ilodrs@g&q)( may
5@fr6ﬁ'&\ﬁ€|tloﬁ§ of ARehses tansalisy blbbﬁaigﬂ)@frbloem fow to cells or tissue,
transpl antation into a recipient in need o\f 93
mahdepFabtoogm(gmreéoang of; @¥eral i ag CEIFUsM t\aﬁ{qc&g ﬂe

medi ca

aauntof o%%%ﬁ &}:ag !Es%érﬂe%ﬂ% éd é?tf tr?gt ré&‘djéé’s%h@rnumber of
SRbRXaYgWeNs abire Bloed.neonditibheand glwagesnmaamqy be involved

bl"éedi n aneurysns, henorrhagic stro faollo
inelude, l@u?t@quobkr%mq)m Qqucgglots?gnd, q{ngolrs,%\ss cygts growttgs tumors,

anemia (including sickle cell anemia), hemophilia, other blood clotting diseases

(e.g., von Willebrand, or ITP), and atherosclerosis. Such conditions and diseases
also include those that create essentially hypoxic or anoxic conditions for cells or
tissue in an organism because of an injury, disease, or condition.

In one embodiment, the present invention provides methods to
enhance the survivability of and prevent injury or damage to biological material
undergoing hemorrhagic shock, which include contacting the biological material at

risk of or in a state of hemorrhagic shock with an effective amount of a liquid
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whi ch the risk can be di agnosed using a nedica
di agnostic test. Moreover, additional enbodi nents of
wo b@siompent i on concern enhanci ng survivabi |l i t pCENS2007/080613
preventing irreversible tigsue damage from bl ood | oss
15 or other lack of oxygenation to cells or tissue,
such as fromlack of an adequate bl ood supply. This
may be the result of, for exanple, actual blood I oss,
or it my be fromconditions or diseases that cause

| ocka of bl ood fl t I'ls t t hat
Fa‘&ee%r? e GBARRR 08 5 S00h s AaClsan dgeall Within b our of the
e‘tl‘ilﬁa‘ al cﬁ%‘%ﬁtﬂé“ﬁaﬂc—ﬁhﬂ&lﬁé trahsPOr¥EER 4 &%trdl@d
| ed In | oo 20

or that reduces the nunber of
eoquanenia(ergz,u suygen) | where thé initidl cause cbiheiinjuphearabel addressed,

e eatient Gooe pse @HE patk i hPrealificiPtind Gl

rﬁéHHérrS For ﬁi’@mdﬂ:aﬁlbﬁ Cthb“ﬁrﬁ%o%’r aktbeinfey | refdtRd @)as the “golden
henophi I'i a, other blood clotting di seases (e.g., von

hot,! isteracil, tocr suctepsfubodicamieer oscl erosi s. Such

condi tions and di seases | so, |

create esdbYATHS ﬁ QQ@mg,pt ﬂiéﬁ‘%%&é#ﬁﬁ‘% Eﬁésfeo invention
n&&) bé uséd Rﬂhbltﬁe%%ﬂehﬂoﬁremmn‘émtm@nmeefaseamated with

injury, disease, or condition. In one enbodi nent, the

igphesiaor hpena,i iotheireatmrn oibypeibermia. indhe éfﬁéli“?'l*kﬂf

@ﬁéf/pl(gél g%ﬁltl'vt Orrg%rgdar%ﬁwetﬁggreﬁg%gét@?rﬁ)@gﬁgﬂs [(s. In various

ot rCdimb atieaes, Wbl@ﬁiglldwcbrhtﬁtlm Bl A1y o orrmirﬁhimallorabf the
risk of or in a state of hem)rrhaglc shock w th
feﬁdeag i nasrolagicat disease, (caElie\@saEap disgAsa.Ingtabolic disease,

P 08

B
ﬁh«uﬁ\etr@ld}@@{ildfﬁegg@s for the patient to be transported

t t {

the i ni t1 i ceaiseTBiodRENen hareRiaHs SL tkrFeeabAveignre
‘P%ﬁg?i Eﬁaﬁ@é {h%néu @Qt? F§ éﬁ gQWH biBRGIEal Fha'ﬁ@F B@bjected to hypoxic

con manner. “For th

drﬂ@&lﬁa’ﬁlb ednditibss f||h<l$|adi|ng oely., aefdlaiedlqejlwtyssuesaaed peghnso Specific
as the ' ?olden hour

t
s Vo Bicediial Aol ehte PrafelEtra ther ipod
t t t of
@ﬁ‘r“% <351y G864 R0 Uikl L eal et o
or hypOXI an one ehirt&mhmeat methods ofithe presemtinyention pay be used

e erenbyehetany B Rl ERHLD YR BOL R or batth conte
for example when cell lines or laboratory organisms are purposefully subjected to
hypoxic or ischemic conditions, e.g., during cryopreservation and storage. For
example, cells, tissues or organs may be stored or transported in the presence of a
liquid chalcogenide composition of the present invention. The methods of the
present invention may be used to increase the survivability of donor tissues and
organs, thereby extending the time before the donor tissue must be transplanted
into a recipient and blood flow restored. These methods may be combined with

current preservation methods, including the use of other preservation agents and
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ot her enbodi nents, the biological condition is any one
or conbination of the follow ng: neurol ogical

wak®saswgl car di ovascul ar di sease, netabolic di BERES2007/080613

i nfectious di sease, |ung d4sease, genetic disease,
aut oi nmune di sease, and immune-rel ated disease. 15 In
certain enbodi nents, the nethods of the present
invention are wused to enhance the survivability of ex
vivo biological matter subjected to hypoxic or

|schem conditions, includin e, d., Isaqlated cells,

KT SST B et of b pesses) Biveffion Biaylied etnis 21 EREERg v o

sGhFi\Lé?ﬁlit?%# pﬁ?él@t% fkiudig, Wﬁarﬂbﬁb?bﬁib‘édﬂ'i%t@tﬂl%le% 8Rfed in an

products, as as tissues and organs to be

anpwnsqmvaonmant zommlsmge:oe\tammg e platetetshwithsan £ffective amount
ent i nventi t,0_enhance

053 Hikghalgagen rgﬁ(%sdq%ﬁ?urm%tpfa&e in the | aboratory

or resear fhe pREdeK invention aRbaTBliGedRrsthéd and tdipositions for
| abor at ory organi sns are purposefully subjected to

pgsEsXing both nsn@hwngcbmiogigaltm@t@slal angypresgMinggr extending the

TR QL& G Bl iyt 3Bre ipod® Hitafiss &fteéing o non

I ISRegical mattdbor hetibidicyiall ardemdldethca ligpas ichaleogeride
the present invention. The methods of the present

compesitiodn may be used to increase the survivability of
donor tis r - i . .
bef ore thzryg%;\%ﬂ%{n bg)gg@gﬁrrtﬁsth%g%rﬁ atﬁ%% %&g'e Jb‘?nﬁddﬁ'a that is

PreGHed &nbuow@;@bdm hieneridl lcaw beesout,eat leash @&t&ean&tdbodis arraj/ most
be conbi ned w current preservation

th
abeut 4d2.nYy 4bl5ef5u§e8 & 18t hbr1% 185 dfv b i 16n gﬁt@ 2Ra2 32 23,
0 P/ 0%450 4 n-28¢€ [
oy, ?éz%ﬁ%sf 29 é?%ﬁﬁ%%%?%ﬁs%é??%?%O?Qeﬁ‘h:ﬂc?%ﬁ 44, 45,
49)4VI 4&“9 lmysmfszzlm 614955,,56 57| 58, 5t,60i ﬁ1p®2t63c6{4a65 66, 67,
enbodi ment s Eéate ets stor

G0 GPEN 72, Bt 6 1B Loritadll AO ThaznPa: B 5 3 O, 88, 89
éH“gqf 58584 P 88DYAIl97 9f 99'1011“1@0%@(5 01‘3@9'1‘4@9150 160, 170, 180,

COMposTtion durind storage. 5 The present i nventi on
FJ05 200 210, &2, BB Fanls ZéﬁdZQibrﬂ?@sQBOo?&O 360, 30,328y 33Gi340,

both non-livin 0 ri e

%s& 3681 50,00 el b 24 00 480 Dl 480 AR 407 480 40
%ﬁo”@é Lee ) %H%S@%Gom@%onggof@m@no 620,630, 640 650,
ol"ogi cal’ matfer or ‘non-biological material wth

660q@ﬁd 68011690900 d&10, 7@Ap630,t746n 750, 760, 770, 780, 790, 800 810,

820,830,840,850,860,870,880,890,900,910,920,930,940,950,960,970,

980, 990, 1000 mg, mg/kg, or mg/m2, or any range derivable therein.

Alternatively, the amount may be expressed as 1, 2, 3, 4, 5, 6,7,8,9,10, 11,12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57. 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75,76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250,
260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410
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10 I n certain enbodi nents, the anpunt of or effective
conpound that is provided to biological material can
wheooaloeesl at | east, at | east about, or at nDSPCT/aROT/080613
1, 2, 3, 4, 5, 6, 7, 8, 9,440, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56 57 58, 59, 60, 61, 62, 63 64 65, 66, 67, 15 68,

439, 483, 44831450, 4603470, 480, 450, 505 5181595305 340.p0, 560.

st ol §3p0lE%, 00050200, ool iy M7
72@874(287(50 260, 7'3807802190 83]218813,?20 , 380, 810353:&0 860, 870, 880,
9Po000 0. 335, 935G, 650, 56,570 Shp. i, 70k i g 3P any
i oiGnSfgrai00 S10. 020, 630 o0, 630, 20 600,

780, 790, lr8%;o£]&)nbocﬂ@@nts%‘0he84@en8men'$®[) bl@QQlCaI material

@ggoos%ggo n%%@cpr}%r%aﬁ%%l 8%?1139{%40 9? é&%&%psﬁggntlon for about,

a@?édsvaéffh@as& E%@t' Br at ﬁxlokﬁémhmedebonaélei Qnreumts nmmbezo 25,

expr essed ,
31)3351410 45550155 mnrmteam 21@ 426,,62718 @2102131 124132‘54 15, 16,

6 a3l 3 3
% “18 21422 %g 24 ’ur§r§1’, 24§: , é,l %gda%/}d)rsfgtare é’;ld %ﬁy range
o'?%orrﬁ)'ﬁ'\at% theérin.56, 57, 58, 59, 60, 61, 62, 63, 64
5 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,

78 79, gonhellnorgzwhge adgnnlstggtlorglg mtgqvenggs lgg cogv@emplated
tﬁéahgiq'@%v"fagﬁé‘rapa%ersl%av%%ga%ﬁ%d@ﬂawé% gyt Rpg about
rittrontts. i gats, glo ot e it i 2

FICRRUBIOUY 258086127, 284 29280, 3B§2, 3434, @@13 4%% ci %é 4541, a2,
4. 40 &oectn S%Er8: 5230 ad> g 280 8RO O O

egggse gggas ‘690705718,,72;38 7?35%5) 76770, 79,50, 80681, 82783, 84, 85, 86,
, 4 60, 870, ,880,
65, 8805091092630 240 39, 96,45, %509, H03t o5kgls/Ny or any

B0l il o P R v s

dyeelifiedi biyé\ioluﬁm‘eede;ﬁndlmgsoret&mrd:ehtvatlmrqoﬁ the |IQUId chalcogenide
phar maceuti cal conpositions urre invention

asnpegitian., An amqwaeit'mﬁmye%%?b%@oat 'eaatra ut, QI &t MRS gpout 1.
i%,%‘?%?é,‘"f, 85 18, 191281351445, 18517248, @520, 21, 22, 23, 24, 25,

26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60 minutes, 1,2, 3,4,5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 hours, 1, 2, 3,4, 5,6, 7
days, 1, 2, 3, 4, 5 weeks, and/or 1,2, 3,4,5,6,7, 8,9, 10, 11, 12 months, or any
range derivable therein.

Volumes of 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
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15

30, 35, 40, 45, 50, 55 mnutes, 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 10 17, 18, 19, 20,

wQ@1088230823, 24 hours, 1, 2, 3, 4, 5, 6, 7 dayBCDIUS2007/080613

nore, and any range or combination therein.

Furt hernore, when adm nistration is intravenous, it is
contenplated that the follow ng paraneters may be
applied. A flowrate of about, at |east about, or at
nost about 1, 2, 3, 4, 5 6, 7, 8, 9 10, 11, 12, 13,

4%;142%@3 6’45%6 4?’48%29 %g’m 322%;5 3§5 gel, 3§82§% 6061, 62,
6&064465 6%67,5%3 6944'0 715 724673 #Z 7543’6 4? 7%%6% 8932, 83, 84,

856866877 8888969, 971092793 9’295796 9’74 98799 @), 149, 12@ 130 140,

88168 A vofrod3ontdro B, 2. o giCand oo B, 0

396t 52011330, 8402850, I68NIP0, VO, Beb! 400, Aa0e420, 43m 4008441, 450,
enbodi nments, the anmount of the solution is

46Pe470,i480, BH0NARI0, B P, BE0HA, IR0 L &R0 5P BI% P10,

LB B oS, S ERTTRR 110 TpoLPod TR 58l o 770
7%0 $90 43005816, 820, &o 840 1850, 880, 920, 8’83 89@, 9005 9106920, 930,

20, 21, 23, 24, 25, 26, 27, 28, 29,
93@ 9@(_1, 96@2 97@398(349903 QOO@mIs gr;hte@g or goy re_\nge t@grena,gnay be

agig‘\lniétdﬁre@&/er%g’or@gar%mﬁ Sél's%ler?OZ 5% 22 5536 5471 25 9,

25 10, 11Alll§¢th918b0\ib,4u Sl.iJ,atérﬁs llB piiﬁant ﬂaﬁph(ﬁﬁpnbnbll@ﬂlons
23, 24 hours,

wsmg@teg\t agmtg:,a@jpnq, fO@lgrgpatgnis5forglgn-pat%'nt a@phciqjlonﬁ Je_andlr?n—
¥ ! ion

ARy W4t chets46 4 i YPG o o ¥t TB6e Apploatio

fata Shet, ak@ incdPporafed R&tein2dy reldren2s, in zir @Tjrelys, 29,

30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, WO

2008/ 043081 PCT/ US2007/ 080613 45 41, 42, 43, 44, 45,

46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,

59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,

72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,

85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,

98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180,

190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290,

300, 5 310, 320, 330, 340, 350, 360, 370, 380, 390,

400, 410, 420, 430, 440, 441, 450, 460, 470, 480, 490,

500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600,

610, 620, 630, 640, 650, 660, 670, 680, 690, 700,

710, 720, 730, 740, 750, 760, 770,
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780, 790, 800, 810, 820, 830, 840, 850, 860, 870, 880,

890, 900, 910, 920, 930, 940, 950, 960, 970, 980,
w@ds/04080 nls or liters, or any range therei NPCTYH$2008080613

10 adm nistered overall or4sn a single session. Al of

the above U. S. patents, U S. patent application

publications, U S. patent applications, foreign

patents, foreign patent applications and non- patent

publications referred to in this specification and/or

listed in the Application Data Sheet, are

i ncorporated herein by reference, in their entirety.

15 WO 2008/ 043081 PCT/ USZ00M0/p8e613 46 EXAMPLE 1

METHOD AND MANUFACTURE OF LI QUI D PHARMVACEUTI CAL

CAONPEEIDTANDNBANUFAZ TUBE P§ QYD (AN ARMAREBDS4L GRMPOSITIONS |-V

chal cogeni de conpositions were prepared as descri bed

bel ow. Stock solutions were prepared using

deoxygenaredr Neli® pharfitgcewtit airchalegerRiecoaeiusitRms yere

removing air under vacuum and di ssolving wth

PEeRATEd a5 slescired Belew. (99. 99% for 30 ni nutes.

U1 35k 10 ) MASER 5 Ao i v

wasmeiﬁ(ygemdited)byg‘emovfngea&r urtdestviacliardl, ardiedissoiviag wmumrnpressed
ored ti %khtly seal ed and protecte

¥iregan (|9§r&9% fon3 rw@po Satliaied B9 SONEPNALE.S 1 NasS was
AR TP Al RS h Gt L g
fwnrsesae djemmzemgwater 15hIS| sfqmldwpsl atared éightlycsdaled and protected
T D@ SR M ik AoD S it WP R ARy gon o1
-
c%ﬁé%ﬁ%té& & de('t?fYéHe? A4 ) and %Qénéﬂ’ea by RIS SBIRG with

I'er irrer were | Ve box. "Oxygen
doeyméssadmitrogen.gl ove box were nonitored with an oxygen

gmogr l . ( I\/leﬁ_t l ecLBTOl oo e)blpwﬂfggp‘?pé)séﬁﬁélsfw%ﬁtpﬁepareg in 8§ fume hood in

PHAY; &%Htﬂo‘i‘ﬂlled %hcrﬁfff&ﬁ@d GaLdsSyield dhexyensRid environment. The

I nve lton include T'imtT ng oxygen content 1In each
raaptec witb foHreeterabuhblemanchstitrertwerage thef glowe box. Oxygen levels in

B S SR oo SRR ) iR R WA
sensitivity level of 0.03 uM. Methods of preparing the liquid pharmaceutical
compositions of the present invention include limiting oxygen content in each
aspect of manufacturing and storage of the pharmaceutical composition where
oxygen is measured in the range of 0 uM — 5 pM in the pharmaceutical
composition.

Liquid pharmaceutical compositions were prepared in a three-neck
flask (Wilmad Labs) with each opening fitted with ground glass fittings having the
following features:

a) A universal adapter with a plastic cap with a central orifice and
o-ring. This adapter was fitted with a pH probe and sealed by
the O-ring.



conmposition. Liquid pharmaceutical conpositions were

prepared in a three-neck 25 flask (WInad Labs) with
weawk/oepeni ng fitted with ground glass fitti ngBChastongososi3

the following features: aW7A universal adapter with a

plastic cap with a central orifice and o-ring. This

adapter was fitted with a pH probe and sealed by the

O ring. WO 2008/ 043081 PCT/ US2007/ 080613 47 b)

Uni versal adapter with a hose connector and a plastic

cap with agent_ral orifice and Oring. This adapter .

was fitted W tHn'é{e@é‘éad%ﬁt%\émgiaJ}PSﬁP@%“ﬁPtPhaad & F§§§'° cap with

frit. The disp j ri :
compr essed gast ST gaE T L6 TIRE ofepier s fitedwih a gas
sol ution by didispérsiamdubé withcogipse i etihe dispersimmtubedvas
to neutralize the p ith a m xture of l—ql%aSang
ni trogen. The WC%@C?Q{PP%§6(? oas s¥ngef And usPd 4R ¢
5 tube to all 0"‘6&5)&?%%@ tﬁg s?@ﬁgﬁ%y dis¥8Rfng With compressed

connecti ons were ever se I spense the contents of
the flask undenitrpgsi ahddo nedtralizertbgehi witle s swikkire of Hrhand

boed 1 o add NeREoasT s iR vihs R DR Plagte fube to
Li qui d Phar macgigy prlsseneeschp&MHese thidddnnebrdhsdiéree

Li qui d Pharnmaceutical Conposition | was prepared with
the foll owi ng reverseddpglispensetie eontenisofdhe flask weder positive
dei oni zed vvater.tvvas added to a three neck flask and

0 geoxygenat ed bYUIPERBISTHE with nitrogen for 30

m nutes whilg $hé tHitdvieckbyasSalddl WatR S ooy gims saeishat and
to yield a 200 M Na2S 20 solution. c¢) The 200 niV

Na2S Sol ution uged towasisl NaSeelutienapwates dejthe flask.

1. Liquid Pharmaceutical Composition | - Na,;S nonahydrate
Liquid Pharmaceutical Composition | was prepared with the following
15 steps:
a) Oxygen-free distilled, deionized water was added to a three
neck flask and deoxygenated by dissolving with nitrogen for
30 minutes while stirring.
b) 2.5 M Na,S Stock was added to yield a 200 mM Na,S
20 solution.
c) The 200 mM Na,S Solution was bubbled with compressed
nitrogen for 15 minutes while stirring.
d) 220 mM HCl was added until a final pH of 7.8 — 8.0 while
dissolving with compressed nitrogen and stirring.
25 e) Deoxygenated deioinized water was added to give a final

concentration of 100 mM Na,S.
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nitrogen for 15 mnutes while stirring. d) 220 mM HCl
was added until a final pHof 7.8 - 8.0 while

wale@sohipsng with conpressed nitrogen and stirrPemUSRH7/080613

e) Deoxygenat ed dei oi ni zed4sat er was added to give a
final concentration of 100 nM Na2S. WD 2008/ 043081
PCT/ US2007/ 080613 48 2. Liquid Pharnmaceuti cal
Composition Il - Na2S nonahydrate Liquid
Pharmaceutical Conposition Il was prepared with the

T S

di ssol vi ngiquid ﬁhéﬁﬂddéﬁﬁé‘alf@mﬁ&ltldﬁ NWeaRrdbared with the
stirring. b M Na2S St ock was added to yield a 100

folavip@ Sepsol ut| on c) The 100 mM Na2S Sol ution was

bubbl ed
whi e st PGB LR OB Fesh VRS Wt (R e nec

50/ 50 mixture ﬂﬁsmd&%@géna@dtﬂm%lﬁﬁgmﬁ%lﬁ@&@%} 30

until a pH of 7.8 was reached.
Phar maceut i cal mmHgowhile siringl - NaZS VVI th H2S and

or epared wi t- eRIIELSITPS WS dBIRESidid ok
oxygen-free wagslutioygs added to the three neck fl ask
and deoxygenat ed b%pdi ssolving with nitrogsn for 30

nmi nut es whi 1 §be APPHgM M3S25aulipmnwas bubbler Wilscemeregsed
to yield a 100\/\%9%@;%'1529, rﬁ{?%éjﬁ/hﬁé'stlﬁﬂw The 100 niV

Na2S Sol ution Fescod ni trogen

for 15 m nutdsThEisbRitioh wasi ngblet) wiﬂlﬂe mmtrilmnrem‘&ompressed

bubbl ed with a 50/50 m xture of conpre ?
nitrogen and CO; (99.9%) until a pH of 7.8 was reached.

3. Liquid Pharmaceutical Composition Ill - Na,S with H,S and Nitrogen
Liquid Pharmaceutical Composition lIf was prepared with the
following steps:

a) Deionized, oxygen-free water was added to the three neck
flask and deoxygenated by dissolving with nitrogen for 30
minutes while stirring.

b) 2.5M NazS Stock was added to yield a 100 mM Na,S
solution.

c) The 100 mM NayS Solution was bubbled with compressed
nitrogen for 15 minutes while stirring.

d) The solution was bubbled with a 50/50 mixture of compressed
nitrogen and H,S until a pH of 8.2 was reached. This resulted

in a final concentration of 90 mM sulfide.
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nitrogen and H2S until a pH of 8.2 was reached. This
resulted 25 in a final concentration of 90 mM

wa oBioabast WO 2008/ 043081 PCT/ US2007/ 080613  49rd1/US2007/080613

Li qui d Pharmaceutical Conpagition IV - H2S The fi nal

sul fide concentration of Liquid Pharmaceuti cal

Conposition 1V was determned by the initial

concentration of NaOH Liquid Pharnmaceuti cal

Conposition IV was prepared with the foll ow ng steps:

5 a) NaOH in a range of 5 WtQ,SO&%ﬁﬂ ution was

addéd t o Liquid Phafraaceibicr! GompRSHPR K 3 i ves (DTPA,

anti-oxid ; QlpH4 iti

deoxygenai et s idheniratin f1Gq PHdrRiacéeal Gompositon

IHiwaist crste i 6@ b the mitiad corddentdatiel 8f Na©HhubibligdP harmagghtical

the solution while es}éi r%i negagntil QH was reduced to

Compqsiiond Vr wag erepared with the;following Stepy headspace i n

the flask wag f\nbé'mﬁda eqnge og%%wo@oo%‘mmdﬁ@pﬁaglaased to
pl ace

bottles or vials were in a glove box that was
fl ushed with athedheeamckstaskavitroidditivesr{ DI, @atirpxidemts)
bottle or vial was flushed with argon. f) The

formul ati on vvagy\g'i"?p@nsed under argon to naintain an

oxygen-free tgn’ghé QBImBA waE%o&?Q&hdtéd Yy Bubblivgy With argamat 5psi
e 0

was nonitor y measurenent of sulfide
concent r at i on, fqs5 mindtesogbirebstifieg.spect r um

(pol ysul fide forgatian). Additi I . ;
performed t cF)nE'ﬁg?‘”@s%b&%‘f&%%uggf@S uséﬁ" s@ﬁ@?% %ﬁ@ﬁ:&@" PH
sulfite, sulfapgs rediiierptel 7 Al6ra ENgeadfan® AB).sul fur .

Li qui d pharmaceuti cal conpositions were di spensed

wi thin the dedhedeansnaseyosthe flaghvanushrbwiti Q9
fl azﬁb:pder 5;3&%%%&5”46?\%?\%?&%3‘3 51€ werEHsled\ih @l dlove box

or bot to a slight over-pressure

in an inert 25ymitRfEmehed avigonconstantt stegenot argon and each
prevent/ sl ow oxi dative breakdown of the liquid

phar maceut i cal betiiegrsialivassfiushgd W88 wi t h pl astic
caps with Te'f)l %/e%llrhl?lg{i]on was dispensed under argon to maintain an
oxygen-free environment.

The stability of the solution was monitored by measurement of sulfide
concentration, pH, and absorbance spectrum (polysulfide formation). Additional
assays were performed to monitor oxidation products which include sulfite, sulfate,
thiosulfate, and elemental sulfur.

Liquid pharmaceutical compositions were dispensed within the
sealed Glove box, from the three-necked flask under positive nitrogen pressure.
Amber vials or amber bottles were filled to a slight over-pressure in an inert
atmosphere argon or nitrogen to prevent/slow oxidative breakdown of the liquid
pharmaceutical compositions, and sealed with plastic caps with Teflon/silicon
liners or plastic caps with central Teflon lined silicon septa using a crown-cap

crimper (Aldrich Z112976) to provide an air-tight seal.
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liners or plastic caps with central Teflon |ined
silicon septa using a crown-cap crinper (A drich

WQ@1b07B¥1t o provide an air-tight seal. WO 2008 DUSDB080613

PCT/ US2007/ 080613 50 EXAMBLE 2 LI QUI D PHARMACEUTI CAL
CHALCOGENI DE COMPQOSI TI ONS MANUFACTURED I N AN

OXYGEN- FREE ENVI RONVENT HAVE STABLE SULFI DE AND
REDUCED SULFI DE OXYGENATI ON PRODUCTS 5 Sul fides are
subj ect to oxygenation, resulting in a variety of

oxi dation products, i n%:@wse depicted in

Figures 1 and 2. (See: =, Environ. Sci.
Teghfab PHaARRAZRUTIEAL ORACRBENIDET SSEEI AONS MANUFACTURED IN AN
Environ. Sci. Technol . (1992;9’@5@ 2420- 2428; Beaucham
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environnent was tested. In this study, oxygen |evels

rredudte, igtludiagibesedepictadtimEigssesd iand ZABGS@eerhEﬂ@tébl Environ.

S ol 5P, B o DL i) et Tl ros2

pl 240072081 Baichaik e abr Cifyat Reaiewdas Jokleelbgly 111834)np) 25-97)
1. Three S_ﬁepar ations of Liquid Pharnmaceuti cal

Conposi t i dheistakiity of t?ﬁe@é@rm&athnscqfuauﬂgoha(m?%wﬂqw

o Tl 80 W ol i gERTbog b i

igsd&tigadto )d@lﬂéﬁrmxygehffrew @paroatienh was testedx yrgthis Studg, oxygen
envi ronnent enhan [ ili

sulfide stability 2 d d d
Imvsls (Y te1 GLovE el NG In wpéa{wmswérﬁanéwy%ﬁgwﬁtﬁ@é{ﬁwééﬁ meter
I t ot
GRBAST eIt e s dRAH] 8664 %04 it Tho iR fHarmaceutical
dﬁnﬁpmwmmetpyemrredmszrmsmbg@m Exartiplet1.i n t he box

0.02 M. Sulfide | I d, oxid
( (poly Sm f ,T(g'gge ngqemaﬁ?t;/cgmssqf [l,.l?qr;gqj ?’?\g{fﬁgc onlpggggmaﬂﬂtlglﬁ IV were

&Eﬁpx‘é‘ﬁn nc ﬁ’f 9?91’1\#9:5#7%2 '2'79%©srahgzgwm iobRT.71, 291

5s1 11N re anal yZed over day peri od.
Bisfi; dadvas 98eadd uple & . w 276rmSeime cthere cohmpositiood were tesjed to

| SE) on
cSetermlne if preparation in an oxygen-free environment enhanced sulfide stability

and reduced measurable oxidation products. Liquid pharmaceutical compositions
were manufactured in the reactor apparatus in a sealed glove box that was flushed
with nitrogen gas to minimize oxygen content in the box (0.02 pM). Sulfide levels
and oxidation products (polysulfides, sulfite, thiosulfate, sulfate and an unknown
peak) of parenteral liquid pharmaceutical compositioh were analyzed over a 129
day period.

Sulfide was measured by lon Selective Electrochemistry (ISE). lon
Selective Electrochemistry (ISE) is a technique for measuring ionic species. The
electrode contained a membrane that is specific to an ionic species where the ions

bind to the surface of the membrane. The amount of ions bound to the membrane
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Sel ective Electrochenmstry (I1SE) is a technique for
nmeasuring ionic species. The electrode contained a

woreoss/anel t hat i s specific to an ionic speci esP@hEsm®07/080613

the ions bind to the surfa@ce of the nenbrane. The
amount of ions bound to the nmenbrane WO 2008/ 043081
PCT/ US2007/ 080613 51 established a potentia
difference that is dependent on the concentration of
ions in solution. Sulfide |evels renained at 100% of
control over the neasured tinme period
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Sc‘ct:i.a %J:Hr%o\/. ‘ngZ?p.l M’QU-%ZS). The amount of detected oxidation products is

depicted in Figure 5A.

EXAMPLE 3
STABILITY OF LIQuID PHARMACEUTICAL COMPOSITION IV As MEASURED BY FORMATION
OF POLYSULFIDE IN THE PRESENCE OR ABSENCE OF DTPA

The ability of a synthetic chelator to enhance the stability of a liquid
pharmaceutical composition of sulfide was examined. Two liquid pharmaceutical
compositions (Liquid Pharmaceutical Composition IV) were prepared in a fume

hood in a basic glove box filled with nitrogen gas to yield an oxygen-free
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pharmaceuti cal conposition of sulfide was exam ned.

Two |iquid pharmaceutical conpositions (Liquid
w@basowmeut i cal Conposition 1V) were prepared Per/asioomesost3

hood in a basic glove box fs2lled with nitrogen gas to

yi el d an oxygen-free WO 2008/ 043081 PCT/ US2007/ 080613

52 environnent. The liquid chal cogeni de conpositions

were manufactured in a seal ed container that

cont ai ned a three neck flask with ground gl ass

fittings se to hold the | d chal
SEUHRIEERRY JHNertn Soalcedeih b peritNs WeSEARGREkSd n a
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deoxygenanadH¥oldiiGs@hY | Ipm:ewm fhethges nedk Fagksdithied withbut any
m nutes while stirring gen levels in the glove box

agiditivesronwitb IPA (g enhmecﬁ@@léw wRestie formuiations comgingsbliaCl to

Sl BT PHe o b byl oy 35 ton

ddl 8+ 16 mitheewhars blirging. CRygEsietélein thé gloes Boxmdee monitored
either with or without the synthetic 15 chel atar,

wishearhgxvaeateteriMetilen alade) wdhw%S(t ivitpigvef of Ogp M. The
S
teteq o Brgmadh Rl Corifosrify R TREEIRAN Eulry
F&i@ﬂﬂbéélﬂh;lalt Gb‘ﬁtpesltlgﬁp‘e):%mm)ie ailthﬁlewkh abwhbatrtbe s@iihetic
nm As_illustrated in Figure 4, the pre
CtmahoreH@hﬂ@@et{lﬁ@'fﬁ%ﬁqcﬁyc BFIRTHAIL L h§U'9de and™
t indat edyet f
AR B A e et oo
Iy@ Wittita spectropadtomietdi7 (Spactrobaxivat pseaieat&asmw\w 3fmym. As
9. As shown in Figures 5A t he presence .qf
koA RSN dhe rosenge PEASEN B B enfan P a A Ruifly of sufice
Pol ysul fide formation is
PR o S8l 0. PO S of ‘total oul {1 de
concent r aOxidatiah products dulfife (LAY, sidfate (), thiosulfate (uM) and an
unknown product measured at 37 min (U) were measured at day 129. As shown
in Figures 5A and 5B, the presence of 1 mM DTPA resulted in a decreased level of
oxidation products at 129 days. Polysulfide formation is measured at less than

0.03% of total sulfide concentration at the end of 129 days.
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WD 2008/ 043081 PCT/ US2007/ 080613 53 EXAMPLE 4 PH IS
STABLE IN A LI QUI D PHARMACEUTI CAL COVPOSI TI ON OF

wekhoBlDEsS1 Hydr ogen sul fide is a weak, diproticPerius20anagos3

exists in three fornms in 53solution (H2S, HS- and
S2-). The ratio of sulfur species in solution is
dependent upon pH At pH 7, HS- is the primary
species. H2S is the predom nant species at a pH bel ow

7 (see: OBrien D.J. et al., Environ. Sci. Technol.

1977, p. 1114-1120). To test the pharnmaceuti cal

stability of sulfide in L rmaceuti cal

Conposi i

poi ni & 5STAphe 1L QRN MARIRESHICAE CEhurBRRToN o Suf ¥
conposi tion of sul f| de 100 m\/l HZS (Li qU| d

Phar maceut j cal | tion V) wa ctur ed

Feactor  aBhdaenSess ueaie Py BCHRIG RS e foms i

sfoidﬁ%HG(Ijlg%"olfl(g Qhd 599 h%f%é i efaﬂug @béaeewg%gm.mato@aendem

meas ess t
upeasiit.edt pitl 7OH83 is f prBﬁaryashemdsl Ho®2s tne)premmmag species at

aui belty 805k S BHE £ A0y o s PaoLy 7 g, 1113-1120)

val ue of Toqgst tﬂe%ﬁaﬁrﬁ/ﬁ‘@huéal ﬁ@ﬂ@&ﬁ@u%\é'lﬁuq@m

(Figure 6) 1 quid pharnmaceutical conposition of
%‘radmanenstman D@mpmﬁwprlvpmead-l walsaneassredgbepecified time points for

VR T iR e RS RSB R B B PP Sy (Liaui

PR 8uthlal LRl gYdRioRQUIR/as infdniufacttiraicinaRé dddctor apparatus in a
tenperatures and durations of tinme. EXAMPLE 5

sBE‘EE@DWb@Ftrwmsm@smmml M{EqY eI FRODVITIZENPXRagN content in

o oSO, Dbl .8, 2. 00,

fﬂf 79X 0@hh@N 28'dRYY Cbmgd pEUhétet ETHemmar EElBetravaSorp.). pH was
measured in rodents. Levels of the OX|dat|on od
stable over thee! 29dnysperias withap @averageaie)of 680&; Mea“ +

al . ow Y i a bolus of Liquid
%ﬁgﬁjﬁc@%{'#&oﬁ??@g%pgs’i tion IV (98 nmM sul fide, pH
7. 65, 293 AMduidpharmBuRcAIoirR3&bnREEOUBRY SUIi08 0&E Pprepared
that met Good Manufacturing Practices (GMP) acceptance criteria, including
concentration, pH, and osmolality, after storage at various commercially

acceptable temperatures and durations of time.

EXAMPLE 5
DETECTION OF SULFIDE AND OXIDATION PRODUCTS IN RAT URINE FOLLOWING

ADMINISTRATION OF LiQUID PHARMACEUTICAL COMPOSITION IV

The metabolic profile of oxidation products of sulfide in urine was
measured in rodents. Levels of the oxidation products thiosulfate and sulfate were
measured in rat urine following IV dosing of a bolus of Liquid Pharmaceutical
Composition IV (98 mM sulfide, pH 7.65, 293 m/Osmol).
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54 A 10-11 week, femal e Sprague Dawl ey rat, 200-250
granms (Taconic, Prunedale, CA) was anesthetized (100
worgiok@g4doet ani ne and 10 ng/ kg xyl azine) and i npCBEOSEA7/080613

with two jugular vein catheters (JVC) and a urethral
cannul a. Anesthesia was mai ntained for the duration

of the experinent. A bolus dose of 5 Liquid

Phar maceuti cal Conposition IV (0.5 ng/kg) was injected

t hrough the jugular vein catheter. Phosphate Buffered
Saline (PBS) was infused for the duration of

h
exper i nenf ¥1hwegkefepale Spragve awley rah ZPQT@ gejﬁrrﬁd;l;ﬁconic,
Jdr I4 .
LB AR 3o SO0 ROHPE FOIEFR) oz

and impladBedwith &vd fugudatniein sathatere (U\él)carst @ usstheal cahdlar
analysis. 10 Uripary thiosulfate Bnd sul.fate

ATRIER IS BIAITEEH 0! O OHRI LS DR XD RN E DT RS dsdose of

8P BB RSB RO 6.8 5 ey e 00BN B e
veir dathetee/Phd@phivtesBulfered Salica(PBSawes infased fox therdukation of the
60 m nutes, levels of excreted thiosulfate ingcrease
eXBeTS00! Thb1aL5 &1 dani b GG haprus oIy st ASalLe)
B8 Bl B pUeRRRE-0) 41 pd i el
yprtod@fonin aftariassninistratiornand sioréchabd%y tor @pelysised i n

ExXVPLE 6UsbsnEriser e i el B RSP GHEE Blorn
%&ﬁ%ﬁ%@&%ﬁ@%M@WW%s@:A lsugb5olumn). The urine

COWOSI TION |V Sul fide and thiosul fate
saevpiéswaes dilutecid (B0dd ICEIvent (BI2onl sediwg arbonate/1.0 mM sodium

derj vat i j d - 1S o, '
DTl B8 7 A R g RO oo
00N TxErEd tlﬁfgurg"l/?? L&Es1d bf wrssteal slifathwerdgedgde 3 mM over
Dawl ey rats, (726-3 0) grans Taconi ¢, Prunedal e, CA

60 minuey (gurer7B)eiThesadata iadica t thegsulfide,pxddatipn prodzzcts
rte cann j | d
T L
dnrehfitbara ﬁyl_trol | ed environnent for 5-6 days prior to
t he WD 20087 043081 PCT/ US2007/ 080613 55
EXAMPLE 6
DETECTION OF SULFIDE AND THIOSULFATE IN RAT BLOOD FOLLOWING ADMINISTRATION

OF LiQuiD PHARMACEUTICAL COMPOSITION IV

Sulfide and thiosulfate levels were measured in rat blood using a
derivatization method and GC-MS analysis following IV dosing of a bolus of Liquid
Pharmaceutical Composition IV.

Three 10-11 week-old, male Sprague Dawley rats, (326-350) grams
(Taconic, Prunedale, CA) with a jugular vein catheter (JVC) and a carotid artery
cannula (CAC) were used. Animals were allowed to recover and acclimate in a

temperature and humidity controlled environment for 5-6 days prior to the
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commencenent of experinmental procedures. Food and
wat er were provided ad |ibitum A baseline bl ood

wa 200104306t 0. 3 mM ) was coll ected fromeach rat PehUsugnoso6i3
the carotid artery cannulassnto a heparin-coated 1 m
syringe fitted with a 5 23g Luer stub adapter. After
sanpling, a correspondi ng volune of saline was slowy
injected into the animal through the carotid artery
cannul a, followed by 100 pl of heparin sol ution

arini zed_dextrose 50 | s dose of .
?mwe eSO ORI SR RoRBULER: Eopd 97 Walig MegSiprovised ad
nmM sul fide, pH 7.65, 293 mOsm) was injected
thro'ugh the jugular vein catheter. Blood (-0.3 nL) was
i medi at eAybaseline bloedtsathpié (0.3 s wag coledied) frotheach rat

e§Pheh e Gt 558 Siitle 170, A heRaflF8patel CRE bEthb iy with a
248 UeFSRM AlRter. AREPESHPRY, %Scd#é%ﬁbh&ﬁ voRinb & bf sallne was

sanmpling, a correspondi hg vol une of saline was
slawylp injected into theraniaral itrough thauearotith arteat Qﬁnrwlaarf@wd by 100

18t RnarsoTge (rRRaRe o gehiboe SERTHIS A e Foiy bPifuic
p'h%hﬁﬁéélﬁi&al @orﬁpé@.tldralv PI' mgﬂ(gwafs) @8anm sumd@ pHSY 65283 mOsm)
nd | medi atel y added anber vi al

wamnmctﬁdﬁ@rom tha@ugtd@n i @ﬁthemoBlﬂoﬂe{ge&rrBL}:wa% .Iramedlately

38 o 55t B BBl o iring o pogarcoten

D Sy MiRPRItA R 23y Was stlidS@shtus. tﬂhe&ﬂdmi/\sample(wast ilmmedlately
PTFE 't ned septun) and 20 vortexed for P
pidsessed aﬁaif;Séirlb%/eéﬂ%sﬁfﬂe'mﬂaﬁéoi@sﬁpmlﬂ%§° u Oﬁ?élﬁe was

each i i
Sy Tageh Jiad oM pullfine carotid arery catheter, Blood sampling
%@afefd&ﬂ B futen Borminatbs\60 misatiisuhhoats arubé amoers after

iodine solution in ethylacetate, 50 mM
lpl@ﬁtlfml uor obenzyl brom de solution in ethylacetate. The

R U g i s

@'9 hmcarﬁwmmiwaw‘imng mwamemmmeaoo and asberbisoacid selwtion
vortexed 30 sec

freshly preRATetlh 2041 F&rgg q?gggérgztg rpmyfe g#ﬁ? §8@9$rﬁ£{fgcetone
flf%éfepfaﬂﬂ%ﬂ v%s gg&; iAsERIw &ap (WlWP?FE%GVSVé@tLﬁﬁI and

ani c was renoved and dried down for

redxed ifer V\mmut@C/ﬂlle mikiCag wasetliowed2o i8upatp 8 minutes, and then
tE%ch%%eﬂc\)N?a/soan%e]d m?\;? tetradecyldimethylbenzylammonium chioride solution
in oxygen-free water saturated with sodium-tetraborate, 25 mM iodine solution in
ethylacetate, 50 mM pentafiuorobenzylbromide solution in ethylacetate. The
preparation was vortexed for 30 seconds, and then incubated for 5 minutes. 100
mg potassium dihydrogen phosphate was then added, and the solution was
vortexed 30 sec. The solution was then incubated for 1 hour to complete the
reaction, and after that centrifuged at 2500 rpm for 15 minute. Supernatant (the

organic phase) was removed and dried down for analysis with GC/MS. (Kage, et



10

15

20

25

al ., Journal of Forensic Science (1988) 33:217; Kage,
et al, Journal of Analytical Toxicology (1991)

wa 300848081 These results show that using the nep¢dSmD7/080613

PFB-Br derivatization, sulséide and thiosulfate can be
si mul taneously detected in blood froma rat injected
5i.v. with a bolus dose of Liquid Pharmaceuti cal
Conmposition IV (Figures 8A and 8B). Sulfide levels
were recovered fromblood for the 240 m nute st udy

h
o slgiinabor EorrarMREtTR GABBUOH PO Keasis e el o Anecal
TXRYlo @RWS OXIC CONDITIONS Treatnent with

gaseo en shown to enhance an animal's
ability tdhese meswﬁs sholerthatyysing theaoethiodiob i*-B-Bioderhatization,
15 circunstances

(gt blosufath gan eirlanso ey deeCieadn Hlia g a rat injected
i K,e b & BoREPU b of L.au.wﬂasimaeem&mb)bn%%%hqvqmg%résoamnd

e totreat a patient wth a | d phar naceuti cal
8<B|)a|S¢degi@r1ewEs e ozdoviersd fromduoat fnnrthie 240 mioutp sdudyi reTiod with

d. as.d d in Exanple | and tested
A e B AP RS IFRRBRS an ani mal & abi 11ty to-

survive in a hypoxic environment. 20 I n one set of
experinments, three different Iiguid phar maceuti ca
conpositions were testedH 7BU6 jugul ar vein

cat Vi I

i R PR T R sIT RGeSt BE ity Pone

phar maceuti cal conpositiogenosioNs 1 nl or
Luer-Lok syringes (Becton Dickison). An IPTT 300
transponder from Bio Medic Data Systens (BMDS) was 25

used 10 Madifenb oK JoSTUN AL hs bEBA shbAASH ARAGHcE

injected s ack o

ahithERd Sbifty tb easlive2dnderthyporiciconditions.hEloweper, iumdet cerfain
DAS- 6008 data acqui sition nodul e frcFH m BMDS r.eco g ed
qmumst%wpéf%mr%s when AB immgsiately;life-fiigaleningdpiRyRgs occurred

AR el TPy TP B B BB  ptn
Veith Eﬁthdmmamloébslaalcwgdﬂfdd cayupositidrar hiqoisisulfics
c%?nnépoos?tllotnlswgre prepared as described in Example | and tested their ability to
enhance an animal’s ability to survive in a hypoxic environment.

In one set of experiments, three different liquid pharmaceutical
compositions were tested in male C57BL/6 jugular vein catheterized (JVC) mice,
5-6 weeks old (Taconic), by infusing the animals with the liquid sulfide liquid
pharmaceutical compositions using 1mL or 5 mL Luer-Lok syringes (Becton
Dickison). An IPTT-300 transponder from Bio Medic Data Systems (BMDS) was
used to monitor body temperature. The transponder was injected subcutaneous
(S.C.) into the back of the animals at least 24 hours prior to the experiment. A
DAS-6008 data acquisition module from BMDS recorded body temperature of the
mouse via the transponder, and data was input into a computer spreadsheet and

plotted against time.
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through the in-dwelling catheter using an infusion
punp (Harvard Apparatus). The nouse was infused until

wo b@steswper at ure chip inplanted in the skin reptBUS200T080613
a body tenperature of 33Cs71f the nouse showed signs
of distress before the 5 tenperature dropped to 33C,
then the infusion was stopped for 10 m nutes and
restarted at a rate | ower than the previous rate. Once
the animal's tenperature dropped to 33C or below, the

i nfusi on ssto ed and t he use was nsferred
nto a hybash BIckeRIGsRAsed Db Wb phaimacs fifalgompositions
trﬁéﬁgﬁ Hﬁ@%dv@%@js f\e{e'r lasmyua J&dﬁ‘@éurhﬁf(fjéﬁ/ird%bbal%tus) The

['i qui ution, 75 (Li
nihseveaeinfused| urﬂbtmdsmpemtutq ch||b rmpllantedeném@ skin registered a

L id Ph Lcal, Co
DGRy TR AT & ik ol 1af BLSBnoRBY SR iSRS Eprore the
tEIRP&BEARBRIrSh Pl 33903ttﬁ=91'1ﬁ8"“f[1§ibh WasHtofsed Hdr 1@riﬁ|0nuteN23 and

deoxygenating the solution by dissolving with 10
regiaited at & raterigwemhara ohe previaussater @nee thecanimal's farmperature

cfeprgsFootii o s che IiiRaias oSt A TR phlos e
trbh@fér@'d%’docé"hyﬁﬁu@gﬂm&tpﬁéré91(7%7@2) usi ng 220 mvl HCI

whil e dissolving with and stirring. The fi
sol ution [na &t @xpmmenhamm&%ﬂ%%ﬁ@@ﬂ L 'ﬂfyS%W'th a liquid

NreSRebEe. B e 0aR0 1k matg ke Kol b ph TR T gRempte.
Lidui® Phafhaceiical Campositen Vivak erepdred oy of luN@g?S slaaﬁ'dtetjcstock of
r\jorepare Li qui d Pharnmaceuti cal Conposition

§dn dejonigeds daowgeantodda iya sppeentiatienaf _\7131nM and
SRR B S B by Y602 95 B g o 0

nsigieedn aFH—ﬁécﬂ@defdaskfmmrbugdiIglas§lfmt|ngsuseallmsJH nfomtedng and
with an effective dose of

geR Addtvayife BINtahRb SPRESH Thebmérof g”%@ﬁﬁ}'%ﬂ wes %glusted to 7.75
l{aerﬁlp WSSl BT wHiIL 16%518 r%gz\gltﬁ A, %w@fsﬂﬁr iy, LTHB findd %bldtlohr(EIQUId

erat ure ch| n regl stered
Fodnateutivat @bmsﬁbn3}3ﬁas @Iépgused deerTargon mftuarrcherwsais using
t hen stopped, an the ani mal

A aHe R M seqad voNORPS T TETORE IR T 2 sqaf: The

I
5l 05,00 L O3S Dompcstin v

iHSEIF prip206d b9 &Mbﬁnngﬁpmoxmela rd0 govashedddpSTagstatsuras milliliter
dee)l(ohr{lzbédt %(go{(])(l)gesnlagendS H%, hrlse gt%c (\)N%ts sttoreattn?lﬂy capped, protected
from light.

The mouse was infused with an effective dose of 0.8 mM/kg H2S of
Liquid Pharmaceutical Composition | over a period of 60 minutes at an infusion
rate of 6.4 pL/min until the temperature chip implanted in the skin registered a
body temperature of 33°C, (Figure 9). The infusion was then stopped, and the
animal was placed into a hypoxic atmosphere (4.0% O) within one minute. At the

end of one hour, the mouse was removed from the hypoxic chamber and placed in



10

15

20

25

In contrast, a nouse treated with control vehicle died

(Figure 10). In a second experinent, a nouse (ID:
woeaso0swas i nfused with Na2S, pH 8.2 (LiquiBCT/US2007/080613

Phar maceuti cal Conpositionsgl). Liquid Pharmaceuti cal

5 Conposition Il was prepared by diluting a saturated

stock of Na2S in deionized, deoxygenated H2ZOto a

concentration of 41 mM and deoxygenating the sol ution

by dissolving with 100% N2 while stirri ng for 30

gl anamantiuad; SRedNawe sribkd e SG8naT aishibst B8k treatment
158bF<8r hbuBGoal R CbnrdlenRi el (sinstap by

dissolving wth a 50/50 mxture of N2 and C2. The
final sol Untasecgnd qxpanmmwammel(t&lM%iPﬁa)sWﬁs mfusecwnh

di d with mn
NS BH3PZ Bftie eiedefig e codHeRbigadpa it Rt Ba e
Ot pbskiell WaksMedRbH By dilutihg 8rsaturBRidSsteEk 6IRE inldtfonized,
nouse was i nfused over a period of 62 mnutes at an

dlenxygemated H5Q 40 arcongentratiorsef/4 mM, andeteozpgenaiimodhe solution

2 RO T LSBT o 23 At

gréurwﬁﬁtﬂﬁg@t N4CHAVBS adHB@ té Béjusi e final 6sma&nty%ﬂtﬁeselﬂltlbﬁ to 300
Urmin until the body tenperature dropped to  33C__The

nnfasmgl/bn ThapHswap peiistashy dinsoldingth qé@/f,g rabdiei N and
QRIS g PRRRATL Bl R DRt tnpoghot 1 s ikpensed

with irfifal @boslredta dif into @rmber viakdr, battlewusing (ilimal headspace
MIVCO3) was infused with a Na2S (buffered with H2S

a@dtﬁelﬁhd\d@'éﬁ?PS usigaiTefppisticaR dBeRsi ¥ SePBposi tion 111,
pH 8. 35. tr#c}lfSee\?\?erWf@sed'é 'adpé:> R SFREM U at an |n|t|al

Conposi tion Was prepare Iut| ng a saturated

infusiol rafe d¥BLB/in. Gﬁéﬂ\ﬂmmdwwwmﬁwmtth@ g1fu$19n stme@obased to

sol ution by dissolving vvlthl%\ N% estg %‘i‘ q_/

‘oelmie dp 0 BDSEINEE RIGASIAf Alskrens AlSE QPHUH@SQ“ ysion at 4 ul/min,

it 8 pr@fadiioftasla o Byt S e BOuPHenticraRre bitpped o
FCUtTHe infusianuvas Bloppedcand theaaniBahwes ptaced intpla) hypexie

di spensed with m nt o

amaRahere (3b b WGSBS nrlineBadeh LA AN 368 huppic
Y5bapEe8 8t ohE 007 00613 59 The mouse wes

i nfused wilt b tha® Bxgdrirhéntr adnausen(| BB YGA3Nvas itfesgd with a
Na,S (buffered with H,S and Nitrogen), Liquid Ppharmaceutical Composition i,
pH 8.35. In this example, Liquid Pharmaceutical Composition Il was prepared by
diluting a saturated stock of Na,S to 65 mM and deoxygenating the diluted solution
by dissolving with 100% N2 while stirring 30 minutes in a 3-necked flask with
ground glass fittings, and pH adjusting the solution by dissolving with a 50/50
mixture of N, and H,S. The final solution (Liquid Pharmaceutical Composition 111)
was dispensed with minimal exposure to air into amber vials or bottles using

minimal headspace and sealed with caps using Teflon/silicon liners or septa.
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Li qui d Pharmaceutical Conposition IIl, over a period
of 60 mnutes at an infusion rate of 4.3 L/mn. Wen

WO b@sloedgl t enper at ure dropped to 33C, the infuBCDOSWAF080613

st opped, and the ani mal was9pl aced into a hypoxic

at nosphere (4.0%02) within 1 5 mnute. The nobuse
survived 53 mnutes at 4.0% hypoxia. In contrast to
the results obtai ned when the nice were treated with
liquid H2S, control (naive) male C57BU6 nice (average

o ol ved SHE MRHea R BRussHIWityNAs S (HusEred wilh (gand Nitrogen)
LYHéﬁt#“ PAdrm |€9IeC8rﬁFB§f|§ﬁ HI ®vEF 9 efbd 2P bY n?n@l@s aQaﬁEfﬁ-fusmn

anot her experinent, the pr tectlve fect of
rateaqpfidd3 phaninadéen thel bodydamperatunmdrpﬁpemn BES), tK\er‘qumdn was

SIpHPar o s e Plesed 1o Yt afierboat ({Thgon) Wi 1

n%ét'é‘s T ?ﬁ%ﬂ%&%uw%@tsm&@é ¥4 b% Wbbxfb?(pef | ment al

conmpounds e animal was surgically inplanted with an
i n- dvvel | i gcontastitaatheoastitst ehtained when branice aere dieated with

RS ot BT P e TE o Boab Y, 2 rmg sed
V\ﬂﬂﬂ/éﬁélggiﬁimw sOpliRsH @rﬁ‘aﬁé&%géﬂ@ﬁorﬂ?'?dmnﬁtbsl iR ETe% AP, with an
transponder from Bio Medic Data Systens (BMDS) was

avsagettemp@matumdr@mafqr%@)@ﬁax@m&C The transponder was

Iaﬂ JI ?r; It egt f‘U ?P%ﬁ@ﬁ%ﬁ% p(gll;@e?%\s{ge&g% g?thHe arpaceutical
c@Agr (iR (getnwa%y i(SiglidPharRmick atidal QEnAbsAMAS V), qﬂﬂ) 7dedvas
y

tenperature of the rat via the transgonde

tested imasannuigted mateoSpragasavdey si(B4YSHR B 1Qgrams, M aconic)

RhOUASRPRH B5Y phbTimaREeA b, i HiE e sahutan
|ﬁ?l§ﬂf@3ﬁmh laah-dapRidscoRnr tifhetguidnd. \:Qas exmmnad e signs of
283 minutes using an infusign

Sﬁlﬁpanaadlﬁgeaﬁﬁunr@r bR ARy PIRSRAL: ethe g’?'% VS V{ﬁlgw prior to
g%ci]uréé,?ﬁ& g@gﬁﬁ% GRSE nbid bc%j%e ﬁg{g@e&aﬂl u I@?Tfﬁmﬁt%rﬁ%onder

ranspon t ed subcut aneousl Y.
fB?ﬁ Bié MddidDatanSystérns (BMDS)VW&B Bsesl o/ monitor beldy dempetature.

hiaraoce v a1 s e g st
RS PRL R e e AL 808 e ohapaERioudte from
B0 SvasolBd A6/ terpe Bitu rRGTT thiS2at07d U‘EOKB&QSPOBOGT and data was
input into a computer spreadsheet and plotted against time.

The rat was infused through the in-dwelling catheter with 50 mM H,S
(Liquid Pharmaceutical Composition V), pH 7.9, overa period of 283 minutes
using an infusion pump (Harvard Apparatus) while being monitored for signs of
distress and decrease in body temperature as measured by an IPTT-300
transponder implanted subcutaneously. The starting infusion rate was 6.5 puL/min,
which was increased by 6.5 ulL/min every 15 minutes until the temperature chip
implanted in the skin registered a body temperature of 33°C. The infusion was

stopped for 10 minutes when the animal showed signs of distress and was



10

15

20

25

restarted at a rate 13.0 .iL/mn [ower than the
previous rate. Wien the body tenperature dropped to

wW@3@g/08dee1 | nf usi on was st opped, and the ani mal P@EBEES2007/080613

pl aced into a hypoxic atnosphere (3.5%02) within 8

m nutes. The animal survived for 32 m nutes. Measured
body tenperature dropped 2.5C in the 5 hypoxic
chanber. A control group of four (naive) male SD rats
(average wei ght 342 grans; Harlan) survived an

rBayeR ahaertz: 1 WDl 6o PR 168 beeviouaale NS ThE ARey
t&ﬁbé@turéfurbbﬁéd td ZpeCd tiRhmkusisrewhs sflppeaansitd Mital Was
of hydrogen sul fide have a (?rot ective effect on

piaﬂedahts) a hypaxic aimespbers (1&YorO2)anithin 8 yninutesuriievanimal

RSk DL A b O B 0 e

hypekieraambecal conpositions of H2S are beneficial to
patients suffering fromor at risk of suffering from
hypOX| c oA gondiebaiatpcd ettt (Naiye) male §D, rafsy(@veragepyeight 342

ol e P on B 452 By GRS PR, B ffverace
b CO%Ph@ﬁ‘Férdt@deLdrM p of EXAMBIEC8 LI QUI D PHARI\/ACEUTI CAL
0S| TI ON OF SULFI DE PROVI DES CYTOPROTECTI VI

BENEFI T FWﬂgmﬂmnemtmﬁgt@bhﬁwhahéqWmh@ﬁ“ﬁ&?’:&*ﬂatwmpos'tlons
MR A et

W%tdj@rvwéflmd@t ﬁ?pwxr@cwﬁﬁns‘. Tms aesmidattherfeshaipjahes that the
i schem a- regerfu3| on (I1/R)

admlﬂﬁtrgt'@mg Fuid Pt eRamSH CoMRAS HoRa o' Hrs At Pe g
ﬁ‘ﬁ H"fl@n? ?t;ﬁ%f%&g&%ﬁ%% MEB&AYERIC conditions,

. 92) post-hepatic
8. gChﬁmcad @Iydnjummtﬂlséasey apd |pmv1diees anieans di@mtectmg and
reperfusion period creased. liver tr.ansam nases

M b P RIOREICALPIRHS BPD RONSTST SNETIE Bfe

am notransferase (ALT) neasured in serum and i nproved
hi st opat hol ogy scores. WD 2008/ 043081
PCT/ US2007/ 080613 61 In EXAMRIZE 8 treatnment with

x:gﬁf@Pﬂ}\%\nR%q}p K gﬁpgsrhy oﬁ 2t %ID\E%%WS é?srdpﬂotrgr?nvs
BENEFIT FROM HEPATIC INJURY IN THE MURINE HEPATIC ISCHEMIA-REPERFUSION INJURY
MoDEL

The ability of a liquid pharmaceutical composition of sulfide to
provide cytoprotective benefit in a model of hepatic ischemia-reperfusion (I/R)
injury was tested in mice. In this study, it is demosntrated that intraperitoneal
bolus administration of Lliquid Pharmaceutical Composition IV (sulfide, 95 mM, pH
7.92) post-hepatic ischemia and immediately prior to a five hour reperfusion period
decreased liver transaminases aspartate aminotransferase (AST) and alanine

aminotransferase (ALT) measured in serum and improved histopathology scores.
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The m ce used in these studies were C57-BL6/J m ce,

8-10 weeks, (Jackson Laboratory, Bar Harbor, Maine).
wo-owd/oa38l wat er were provided ad 5 |ibitum TeBtT/US2007/080613
animals were allowed to acehinate in a tenperature and

hum dity controlled environnent prior to the
comencenent of experinental procedures. Mce were
anesthetized with ketam ne and xyl azi ne and nmi nt ai ned
with warmng during surgical procedures to induce

hepatic ischem a-reperfusion (I/R) injury.
"Sﬁ@'&tifﬁ‘ﬁtctéﬁ?@twenh“’l'fh yehigte digdio Py '%@n\b g;qt%thgd)qngﬁts in the

iver and 10 heparin was injected to
h%?é@%ﬁ? Eiﬁa)dd dotting. Both hepatic artery and portal

vei n wer eThéanpedsed imthese shmimwymﬁ:ﬁ?@bﬁu tice, &rdBweeks,
the left |at | ob h

(fackspn L?QEW&‘%’ZEEP Beetchang). R valst Wars Rroied ad
IoiSE T Hﬁr@él@%ré A vE@dp@eéddlﬁ’ﬁ?@‘n it"éfhééfa{d?e lah@ humidity

origi na ocat| on an nmoi st w th gauze soaked
contrblléd &%iroomenit psiat tothe cComenmdenment ©f experimentabpragedures.

fggﬂﬁgges’ ic?pl &g?ﬁugg%% %e@%ﬁ#rblfeglﬁ%?rg%%n \P,ﬁv%l\é%ﬁanaglp rggmtamed
vfﬂlhrWéﬁﬁm Wuﬁﬁ&%ﬂ?g‘n'&éf%ééd@%bsto\’lﬁ&@cé KEpatRdscheptibFeperfusion

vertransam nase |levels (AST or ALT) were tested
(HR) mjurfi Spehificaly, hepidiing incigien wasup@n‘ougeﬁgo expose the liver and

B RPR TS SR GB0Rb, o RebaRL §u0 4 v
Wé}bléiéfné&ﬂvltﬁ%lﬂﬁiaﬁe!w’sﬁ A8mpane eshded dhé Reff liwralga"rmmedlan
Goup 1. vehicle treated; Goup 2: treatnent

lolgﬂsl@f the deohenity hveradmnmalprweggg ifer %m'wteakubth@ liver
t r e %@&In&ﬁ% p& ggqq@ﬁ'tuggs gn%?ﬁgg%ﬂdncﬁjgj RBASISE W gauze

s%ﬁéwﬁtﬁl@ O%aorMaAMBAIfet iCohtioVmids reveiisd shanfsggesied lalthough
AST | evel s achieved statistically significant

hepatic biasd flow wae nht ieresed nitbiaicEeRIURYS RGP (A the end of 45

%&Eﬁg}w%@ﬁéﬁ}g '%\(/@%@Png /ﬁi%rr&ﬂ%&ﬂg ﬁwhglre]h{?éﬁseammase levels

BB dsbore s b ogO oy
spevrosNatPoRtERNGIAMMEr G AVBHaPIe A %ﬁiﬁz@ C@gcr%“
BENEFI T |

VoDEL 5 TR DRI SRR b ehusior T fheferie W

raAapesAdd 1orfoafgraupd.i Geoump1: vehicle treated Group 2: treatment 0.3
mg/kg liquid pharmaceutical composition IV; Group 3: treatment 1.0 mg/kg liquid

—

pharmaceutical composition IV and Group 4: treatment 3.0 mg/kg liquid
pharmaceutical compossition IV. As shown in Figure 11, AST levels achieved
statistically significant reduction at the highest tested concentration (3.0 mg/kg).
ALT levels were reduced in the three treatment groups (0.3 mg/kg, 1.0 mg/kg, and
3.0 mg/kg), compared to vehicle.
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provi de cardioprotective benefits in a nyocardi al
i schem a-reperfusion (I/R) injury nodel was tested in

wore@e/043d081 t hi s study, it is shown that bolus PCT/US2007/080613

adm ni stration of Liquid Bharmaceutical Conposition
IV (95 MM pH 7.65) into the left ventricular cavity
post-ischema and five mnutes prior to a 24 hour
reper fusi on period reduced 10 nmyocardi al ischem a and
reduced nyocardial infarct size as a percentage of

risk area. In a related dm nistration of a
pre-conditioni ng bol us dc@éﬂ%—\-é&ui d Pharnaceuti cal
gg%wm\r&m dE\ﬁTﬁﬁ]L Pi*’cbr\%F SQLFHBE tPRi‘i\)lLSHé ©4rOIBSRoTECTIVE

y S|gn| I ca uce nyocar d infarct size
(as a PeNEFeMNAYE leRIlﬂEE WO&AEBI)\L (swﬁmwlaEFaaRFuatD@ArMown)
(Figure 16).1n contrast, treatnent with vehicle did
not provide any 15 protective benefits in the

nyocar di alrhé/aBiliyofe u%wa’ %ﬂafﬁwé@uﬂlagpbdrﬁpdmﬁoﬁdmeaa
were C57-BL6/J m ce, weeks (Jackson Labor at or

pmrndma@mpromtwfepenefdw amyosatdial isgheaniamenerfusipnd/R) injury

It Test
Vo B S B AR e o
i maﬁﬁa@an@an@amp@fsmsmwr(mm H prez; évdo nmlemntncular
ce were anesthetized with ketam ne and pent gbar bi t al

cawity gmtaa@enwa.amdimgalr\pmsrprm,t%aﬁgl W,rﬂ@e@w@ payiod reduced

RSO Fopd P50, Rl RSB BcEER b ok

AEAL [rPh reldicdestudy, adhymsmumabml ptmcbrutnmrrmug bdlutsadoae of Liquid
Model 683 rodent ventilator (Tidal volu

Rhasmiacavtine) ComnrositiopdViZ4eRews Pper tonlmla{lgn &f {IW siw/glghlfcantly
BV BB AP RELL 0o Ve GMHdkl 68 Ay laraial

Tvar g par at'us opened
lhﬂéﬁcti@hWFFlg&ie 1&flh conirastctveanseny withtvehiclevlsl rmtm@&dje anyj

at ed ocardi al and corona artery occl usi on was
entiee h@weh%%rn%@wm@g %%WF‘B)/\Ned by renoval of the

SUt ure an f Wefe CHREIH)3HE8 B8H 0 weeks,
PCT/ USZOO%P(??B@%#%?]% ter 4%our s of reperfusion,
(Pasksondcivernatery, Bac élaneore Madme) sk ded aadeaternMQrgatr@wde@ﬁg
connected to a rodent ven ator. Evans bl u V.
R P! miTeals Weke RUPUR {h Pl ele Th B BBy i ity
{qiﬁr%pé@* ﬁ&&&ﬂ%m&d@% #2 coThRERSEMAEH MFasxpBRamentarBeboddres.
maln coronary artery was re-ligated in the 5
same | ocat\ioe vsme pnes/nhetpseq/wnrrheta@epanaa ipgntabarhitak sodium and
rlngl(;\rt]aelrrpeé: Wlﬂ(’)\ warmlng durlng surgical procedures to induce myocardial
ischemia-reperfusion (I/R) injury. Mice were placed on a surgical board ventral
side, orally intubated and connected to a Model 683 rodent ventilator (Tidal volume
- 2.2 mLs, respiratory rate: 122 breaths per minute with 100% oxygen
supplementation via the ventilator side port.) (Harvard Apparatus). The chest was
opened and the proximal left main coronary artery was exposed and ligated.
Myocardial and coronary artery occlusion was maintained for 30 minutes, followed

by removal of the suture and reperfusion for 24 hours.
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noni schem ¢ zone was visualized with Evans Bl ue dye,
the heart was rapidly excised and serially sectioned

w@bk@n@4i0Be short axis in five 1-nmm sections thetT/E2087/080613

incubated in 1.0% 2, 3, 5-triephenyl tetrazol i um chl ori de
(Sigma-Aldrich) for five mnutes at 37C to separate
of the viable and nonvi abl e nyocardiumw thin the risk
10 zone. Each of the five myocardial slices (1-nmm
wer e wei ghed areas of infarction, area at risk
(AAR), gﬁnon-i schemc left ventricle were assessed
wi th conpOfter ¢4 BeUrsRidEPTUFIORNERASYISGHEmIA, SpisR WRIe

aghgmggg?a GntDBSRE ah@8Bhhdfed f A & Qé ﬂgytllafoqced ﬁéslué%rye was

'ventricular area at ris and ar ct
ijected detber catheter threadexk iz thé @oesnorsScétotidtariary. Amedan

h Heart Cir 2004 86: H276 15 )
OB mES Pre Bt ang el jraih ST RS ot inthe
sgﬁ'ﬂafl EARSH as ?t&td@ys THe sRgartidh Y eve sQdHewaE QoN@fréﬂng RA

SAS Institute Data are reported as nean
rpnmheem tasswad msuellzwl wigh Evaom Blugedyed ths gemt weamapidly
reperfusi.o

fFseP e otaaEcionSE A 0 RBPE FBHANFo M Sorisg that were

ihdURRLdEET 1,090 B%—tri@\@HﬂtérazbSﬁtﬁfh ehRritE ¢8igeth-AldAch) for Zive
treatment wth 50 g/ kg Liquid Pharmaceutl cal

rmoutqscai i37F Grio separateefthe viable aad renvialietnyaeudigmkyithin the risk

gaF%ﬁEP’ {K] %é’tﬁltjg%fﬂla %%g-(ﬂj—n%ﬁgyvgg%@g?qh?g%%aé of infarction,

a(F@éTBPﬁéR [/AR), ¥nd |n@>nt|§¢t%erﬁ’bernth@lewﬁ?er@@%é&s%ﬂrmth &smputer-
of Liquid Pharnaceutical Conposition

H
apsiEd szlaninmtw lyhan pbserveebl e@dpélantpée/rqeymtyf Aﬂ@f the

o PR B sMeald e D HREPRR) S Pkt i gBRpfination
(BePLIPRB! 8 FE e@él rAsKJ. Phgsoll Hetant@”ntc[rt?hymgr QZQLM)) 286:H276-
adni ni stered doses of 50 g/ kg and 100 g/ kg (Figure

HMZ82). Four ani mals survived treatnent at the highest

tested co%@gwe% éﬁgygégg}{] RH%%QNOW/?WItﬁ'p%SF’ lhéc B@hferronl

provide a protective t he ocar di al

arilysiyusigPSEAVRMD SGF0Gdre RETSiGIS B (B AB D&hﬁjteﬁmatan age reported as
second experinment, animls were

rpgaR £ PN@WieﬁéessdB%)o R Wﬁreaccglﬁlq%e‘gﬁ'gaqff?mi i qui d
phar maceutj dﬁ'ﬂt |seﬂerln\ié r%)@ri’(lgi%l‘l5‘md§Hél‘Péést*g‘i’oups of 10-13

surgery an retreat with Lquid

diraaisnoerat randbm%nlnoémun toratmenbgriotips. @Tou@dt yehicle treated;
CgroilanS ttre n%gr?trvgnltt?l‘éo ug rgol_slagld(Hharm%cegttca?acg%%%sﬁ%ﬁ \pyGroup 3:
treatment with 100 pg/kg Liquid Pharmaceutical Composition 1V; and Group 4.
treatment with 500 pg/kg Liquid Pharmaceutical Composition IV. In this study,
bolus administration of Liquid Pharmaceutical Composition IV (97 mM, pH 7.65)
into the left ventricular cavity of 30 minutes ischemia and five minutes prior to a 24
hour reperfusion period reduced myocardial infarct size as a percentage of risk
area in treatment groups administered doses of 50 ng/kg and 100 ug/kg (Figure
12). Four animals survived treatment at the highest tested concentration (500

pg/kg). Vehicle did not provide any protective benefits in the myocardial I/R injury.
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5 significant reduction in infarct size (Figure 16).
EXAMPLE 10 METHOD AND USE OF LI QUI D PHARMACEUTI CAL

w@anBOE081 ON |V TO | NDUCE M LD HYPOTHERM A | Ne@&I/LSEREE080613

MAMVAL 10 It has been previésously denonstrated that

Li qui d Pharmaceutical Conpositions I, II, Ill, and IV
suppressed core body tenperature in a rodent (Exanple
7). Induction of mld hypotherm a has been used in
cardiac arrest, as a neuroprotectant from gl obal

ischema in pat| ents during cardiac sur%ere}/ and-to 15
di ni ni sh Fb%é??‘k&q gxparimentyanigials WRES Rig-URatgd (pre- condltlomng

SRS e dR00 B BRI copeshBhny A s pror o
sLikgerg dnd éscheloay Ptﬁrqntmhtjw&h |Lqumi H’laargtacautm:aiICormp(mtlon

AP QUE SUREY Soa Jeas4all Holel P ineasurag oy 2

Waﬁ ré?:fucpsm fifarli d5c gf"lgure% ymnutes and the rate

change of body tenper re over time was 20
nmeasur ed. Fenal e pi gs (20-25 kgs) were housed with

appropriate care as desckj g qthe GQui de for the

Care and Use of Laborato . Envi ronnent al
COMTAbS ANBIUBESSH LIGOiDPHARVACBUAcACCDPRPasion [VTTo8diDtoE MiLD
81lF and a relative humdity of 30 to 70% A 12-hour

light/dark cycle WHOSHBRMHSIASABGE NWMMALr oom

underwent a mninum of ten fresh air changes/ hour.

Ani mal s were anesthetized with a conbi nati on of

ket am ne (t3as b@(rk;g)av@udlywnmsmate(&mat higuldgﬁharmaceutical

adm ni stered intranuscul ar
Goranosihens, i Ul naY SURPBESHA GO oDAEMER HiTuln 4 Totent
(E%%riﬁs%e?)' qn%%tﬁ)e' &hﬁlllf‘m th&rAih lﬁg@'&%eﬁ Qsad #n édﬁdiac arrest, as a

anes t1c was Ilver through either
NEUropretdsRR G54 QrbaBiscireTiais2atients3naeing caGCHaqc egmeat ad to

e B Dot S LR NS5 SBP] B e LGS RPN 1210,
AR b 4 ip e d SRt et ampogid 1 rodues
suyetempevdtare iarallasge anim‘al érdm'mrﬂdal ptimild Mypokbegmia was confirmed.
ﬂgﬁ@m}@gp@caﬂgﬁgﬁ L\/ was ea)dmlnlsf?areéJ {FfWo cohorts of female
pigs over 60 minutes and the rate of change of body temperature over time was
measured.

Female pigs (20-25 kgs) were housed with appropriate care as
described in the Guide for the Care and Use of Laboratory Animals.
Environmental controls were set to maintain a temperature of 61 to 81°F and a
relative humidity of 30 to 70%. A 12-hour light/dark cycle was employed and the
room underwent a minimum of ten fresh air changes/hour.

Animals were anesthetized with a combination of ketamine (20
mg/kg) and xylazine (2.0 mg/kg) administered intramuscularly (IM). Each animal
was then immediately intubated and maintained under anesthesia with inhalant

isoflurane (0.5-2.5%). Inhalant anesthetic was delivered through either a volume-
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5 Sa®2% pulse rate, respiration rate, and capillary
refill tinme were recorded nmanually every 15 m nutes.

w@dk@sm4psessure and EKG were nonitored throughpor/us100®080613

study. Core Body Tenperature was nonitored by use of
an esophageal tenperature probe that was inserted
into the esophagus of the animal to acquire core body
tenperature. 10 Two cohorts of 5-6 animals were

anest heti zed as descri bed. EKG arterial blood

essure and core b t
RO RER LSS el Herh @PED AVRA AL B et HUSYSlq s AR e

oAddLif #igqger\{eggfd?%fdh%strg%r{ %Eﬁteé Rf g%Ps %brlh%ﬁ (10 mll)kg/hr)

basell test prgs were I nfuse

e{ndrar@meuessarg&emavgehcﬁnmge dmigs dbsg, |routeaadd Sl’w obgdmmlstratlon
avenous

t
B dotumentRd D auics! BB 4FSuEne ePhpaHEIEn Spigen rate
éébdg%' \ﬂ]l?@ﬁé&é‘ﬁ%@bﬁét%' rat&%ﬁ@%bﬂlbﬂﬁre‘ﬁ\(tm@\h@@ echiRied

ser'Ved during the m nute I nfusion period. Core
ramgly &vare! dnutess Blaed pressite andddi@ wereenenifosed fyroughout
ani_mal s

th d t

t%%m%;”/ e deey Jaherabrs weB oy FrEd LAk el 8 ssBhneoss
gérét@r@}ﬁbﬁé WAV hSetarPisiaR ddophagus enMpersimakto acquire

pr b positioned in the abdonen, imedi ately bel ow

oohe bbiy tampddatwiewer e acqui r ed di rectly to conputer

ot T o o o B 3 dhibhdit Wom Aot HERA S BBy, Exe,

drﬁzfn‘éﬁbl%d% edstife ﬁﬁb dofd @abn®en) laﬁp@bmrmrexmmw&ﬁ t Animals
ri smsoftware for regr essi on anal SIS

vareupaln’@mm vrdes anesihesiador githirtgmainutedigses B?B%hgﬂwmg
SR RS G WA S o
it RMgers sbfmfﬁbnlahdﬂhl@ﬁlgh@sep%ﬁaﬂegm)avdnoqs|I|de vehicle or Ringer's
Phar maceutl cal Conposition IV enha t e
Swl!imnrﬁal‘rdﬁhg):gﬁmjg@@arggp intrapgnRis e gqqlﬂ%?@frﬁgceu ica
GHBRPRG B BRPRY5AS BBy T barOR s goh o

Obsedeapérausd whs &teasafé@amméamdnmtem glt hhn englref 60
ipwtemanTBels Woh SbaRNET ARRBHGTINARS RO fregted o
g{b%mga&ae.utl cal Conposition IVis effect ive in inducing
Core temperatures were recorded from a temperature probe
positioned in the abdomen, immediately below the liver. Data were acquired
directly to computer using PowerLab data acquisition instrumentation and
software. Data points recorded during the 1-hour infusion of ice cold Ringer's
lactate was exported to GraphPad Prism software for regression analysis.
Group means were computed for total temperature change and
speed of change (regression line slope) and were compared by Student’s T-test.
These experiments establish that in pigs (20 -25 kgs), Liquid
Pharmaceutical Composition IV enhances the degree of hypothermia induced by a

hypothermia-inducing treatment. Administration of Liquid Pharmaceutical
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hypotherma in a large animal. 5 EXAMPLE 11 LI QU D
PHARMACEUTI CAL COVPCSI TI ON |V REDUCES REGQ ONAL
wo 3@s#aMoga | N A MYOCARDI AL | NFARCTI ON MODEL | NedHES#0h 1280613

10 The ability of a |iquidepharnaceutical conposition

of sulfide to provide cardioprotective benefits in a
myocardi al ischem a-reperfusion (1/R) injury nodel

was tested in pigs. In this study, it is shown that

bol us adm nistration foll ovved by 60 m nutes infusion

of Liquid Pharmaceuti cal nposition IV (100 mMM = pH
Comgpstiamviiapuseq & staieivalbrogalivant copags mrﬁyody

t%é&ra&%%ﬁ@r@c&hﬁgﬂeﬁ 6 r\‘/%hfc!é’ g: itedMBAL da‘?ﬁiy gl Heod #ta

m nute repertusion peri reduce
destinsirate thatiquedRicathaozatical d)cahposntiolr 54 |ssaffeet|\a5|nanducing

er%@ntage of risk aliea In contrast, treatnment with
fraigdn & laee BB -de any protective benefits in the

myocardial I/R injury nodel. Aninmals were housed
i ndi vidually. Food and water were provided 20 ad
Iibitum Al'l experinment s EXMMMBkEEd to the U S

t el EePHAT Mt G Rl iy NIRRT A RER GRStk
sex (35 to 45 koo IREKEbONMbBEKRITBEIME
hydr ochl oride (20 ng/kg), intranuscularly, and

anesthetized with sodium pentobarbital (25 ng/kg),

i ntravenousl y, ..ten . '

| sof | ur and et BEPRR B aRBhRER Rt P heo Sl e o
pY&Wdé atdisptote@tyeBBneMo i a rﬁycﬂ;al'dlaﬂdbmla-l'eﬁéﬁwﬁmn (I/R) injury
ventilation rate, 12 breaths/mn; positi

reeds! avasi teatedriy igs: 8 dhip study, g spawn fhal ﬁpkﬁtmnlsgaﬂon
AR i By ot B PRafi e Cogotion v (100 mu

pHEMIS0, 202 Osi)antol thbtieft %mrlalllaw@awty pmtrlscbenmlﬂ Aoegthniing five
i ntravenous access and IV injectjon and the

reipHiRsPriSr the @@mm@mﬁp@?nw@éwmewy%?%a' ischemia
afnlélpr%g[ué ﬁ'lyotz&ﬂa‘i)a(l g'kfaﬁft tsfi@’as\’@ o aﬁfhg'eadfﬁgkfaﬁ?éa aft &ritrdst,

I'ng and Intra- art l'ood pressure
tradtine AT Wiy vehigfzadid mos prtivide amoprbtédtive beaefits iméheemyocardial /R
adm ni st ered before thoracotony. Heparin was
iBjgR Modekr ed every 30 minutes to

Animals were housed individually. Food and water were provided
ad libitum. All experiments conformed to the U. S. National Institutes of Health
guidelines regulating the care and use of laboratory animals.

Pigs of either sex (35 to 45 kg) were sedated with ketamine
hydrochloride (20 mg/kg), intramuscularly, and anesthetized with sodium
pentobarbital (25 mg/kg), intravenously. General anesthesia comprised of
isoflurane was maintained throughout the experiment. Ventilation (oxygen, 40%;
tidal volume, 1000 mL; ventilation rate, 12 breaths/min; positive end-expiratory
pressure, 3 cm H;O; inspiratory to expiratory time ratio, 1/2) was provided via
endotracheal intubation using a volume-cycled ventilator. The right femoral vein

was cannulated for intravenous access and IV injection and the right common or
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the end of the experinment. The pericardial sac was
exposed through a nedian 5 sternotony and was opened

wo eooBo#3wsrn pericardial cradle. A catheter-tippedr/us2007/080613

manonet er was i ntroduced tlrough the apex into the
left ventricle (LV) to record LV pressure. A vesse

| oop was threaded around the distal third of the |eft
anterior descending coronary artery or its |large

di agonal branch after appropriate vessel exposure.

SUBSLEIR! R Bl Timas Rt o cutatipb bR Salat Agd ntra-
aehibl @\og@ﬁ%ﬁsh% Fn'oﬂEBn JIRGRK Al sRldiun$ Qhéﬁb/ﬁlla‘@csame were

confirmed visua regi onal cyanosis of the
ad;mmateniedabefnue ﬂmacotmgs Heparn was goimigistéired eeeryi 39t minutes to

nd b,
o808 ot Frs Bt e ichoal 3P dpe PRRRT oAt fhefian
s?érﬁéﬁiﬁh%nd {(va¥ Dp_héE tPfoRmsH pericHiRS ERldieC AXERRSteF-Bpped
mean bl’ood pressure), heart rate, percent 15 se&rrent al

redroroeter was (ntodiredithrosgl the apex tathe lpf yeatricleth e éecord

FRBSRBIRAR g B8 MALOHEBRnd 18, RBEFI A et anvrir
déatemyingceMinal) irte i drlitsadirgldiag drral Braiehrifiee eﬁﬁmprlate vessel
board, and left ventricular pressure anal

expbswier dhe satbnancatiery wapesiuded by tightgning the vessel loop which

RSB P RIRRE! A S iod 8L schamipves
&hﬂfrﬁ@@vabaw by Fegjisrea epaosisot tﬁéywﬂc@mbal(éwfame ( 1oo
nmcg/ kg) and 1 ng/kg/h infusion i nf usi q

cont i nui nFigowersyr aﬁ*ﬂﬁ(ﬁﬂé@'vtﬂ’@ﬂl W)Q gr ﬁ’épﬁ % FFW?F@H 0 45 minutes
rgg %ﬂg?%%%r@@? go Bhpte %?5\9'/[33 lbég%% inor'éﬁéﬁﬁsuéﬁ S ﬁ%ﬁgl Hﬁéssu res

Canada)
(454t0l PesE @0 diastdlic pressufe,. rﬁeamjaloodrmésmtre)d heamra’fe percent
subendocar di al Iager agoprom mat el é m}lw 3}3 tt |
sageentsl shorraimgd LY AE4d0) e mYQed W%SUE 2 ‘He??a‘?%ﬁ ipipusly

éeg}I ulr§ éﬁ?orqgﬁo@hé e?éer‘irﬂ@n NEaml-ﬁ&i@%IQﬂaté Qcé&igltlon system,
car propyl ene stitches hi con, Inc.
Seoudr! Valléer|ewI\lﬂ)H) Witb apr AdpireViRine prce;felssombqﬂrdc@mﬁﬁlVlent”CUIar

érggsﬁg%n%@@fqhﬁﬁ&( r91 qugf Egﬁg latﬂ‘? é.fV\cliauid ghgﬁﬁggéﬁgal
?@g\ﬁg%ﬁél\?v h gro 98ﬁ|8l%§~é’f%'dﬂﬂrllnigfé‘7réd Bé@ﬁ\‘hﬁg\lﬁ‘ ehimabsé bﬁbﬁto the start

nonetrics Corp., London Canada)
&G@Bfo@é&ﬁf&ﬂle lecionagp aagryosasp 3ooles (mz(hmggéxgﬁ and 1V@glgg/h

made over | east th ee
T ety et
stopped dysddignsldhyocafdisli fahétidwh®assessed by sonomicrometry

(Sonometrics Corp., London, ON, Canada) using ultrasonic probes (2.0 mm)

implanted in the subendocardial layer approximately 10 mm apart within the
ischemic area, with two pairs placed parallel to the minor axis of the heart and
secured to the epicardium with polypropylene stitches (Ethicon, Inc., Somerville,
NJ). The probes were left in place until the end of the experiment. Digital data was
inspected for correct identification of end-diastolic and end-systolic points using

post-processing software (SonoView, Sonometrics Corp., London, ON, Canada).
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elimnate the effects of respiration. End-diastolic
segnent |length (EDL) was neasured at the onset of

w@omsiirel LV dP/ dt, and the end-systolic segnePtT/USI0gT/b80613

5 (ESL) at peak negative dB8dt. Regional contractility
was assessed by segnent shortening (SS). Wall notion
abnormalities were assessed as systolic bul ging (SB)
defined as the bul ging of the nyocardium after the end
of diastole. Postsystolic shortening (PSS) is the
hortening after the end of systolic ejection. Tine
ERMERtR AYRIBINAGE oxss aldeast Hpe GrEdiIRGICYGRmiIn M@k sinus
i heti : el i
e efitd The Seflislor WaTdp Ry B Jatd dtBlisiton to
eliminate Hee effects abidspirgtiemingl-diastolic degineanliengihs(EDL) neas
course, changes jn SS. wer esse as, a percentage
riasuERi 4 DF el 0 rsithed S AERl T e sTiabsystall SeRpmRaN length
ESE) 41 shaY ne@RRPTy RbgRAa0asth '
g YR SRR R e iRg RSP REed e ment
shéevténiog ¢S §p IVakh alofipe mbantmalit@s iwera gps8&€sed@soxy sta icayulging (SB)

ST I G BRI S o, P
sh8ROSRL ¢PSBER Rk shoféningafdetHe el sd s%o‘?@@ﬁ%ﬁéd'ﬂr‘fﬁb%urse

pi gnen injection intothe aorta after ligation of
chargémindloS&dvenetaalgulated from the maan erfsEMfof ¥k unge horizontal

SRR Dl A e S R S TSR R i

vaﬂsbiw@%n%riq(maﬁ/%aagn%é)@.rnm@@ﬂ@s@éhﬁg@ iR wete exptgssed
area at risk and the area of infarct zone were

aseapenceatagg of eapilibdum Maluesgp aniningize ya(iahlityemongyiedividual
Sci an Corp., Frederick, MD). Mocardial tissue sanples
apgﬂﬁﬁ'oxi mately 0.5 g) fromthe area at risk 25

(i scheni cBrYAe)ases dnddienmebet Wereanesitovéd eeéty 10-15 min using a
ventricle |_ﬂcontrol zone) consisted of__ epi cardi al

Geyoinar238:H/hlagdeansanalizies pnd iasSering &0 GE}-eximeigsy Blpogtgases
i i o . p .
508ae] eaRife A PR U R0 FBATHR- T2s0 5 an
t6mpéiatired dyycnonastryl bl ue pignent injection. The

sanpl es were snap frozen or enbedded as requi iued" WO
2008/ 04308Ehpwig arsadl 7iskymsidelingsteg) Wo@ogaﬁgf'@ qRipment

ir%glztgo‘?\cih?odth%%r&eﬂériIiE;H@&ﬁjoﬁﬂg/ iNoldcP4 sy 38iIdviifig the end of the
experiment. Infarct size was determined by triphenyl tetrazolium chloride staining
(Sigma Chemical Co.), and was expressed as a percentage of area at risk. The
area at risk and the area of infarct zone were measured by computerized
planimetry (Scion Image, Scion Comp., Frederick, MD).

Myocardial tissue samples (approximately 0.5 g) from the area at risk
(ischemic zone) and non-ischemic area of left ventricle (control zone) consisted of
epicardial, myocardial and endocardial tissue that were removed at the end of
each experiment and divided into two samples. Ischemic and non ischemic zone
samples were confirmed by monastryl blue pigment injection. The samples were

snap frozen or embedded as required.
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Statistical analysis was performed using SAS (SAS
Institute, Inc., Cary, NC. The nean SEMis shown

wo eoosaldosvari abl es. Statistical significance WaST/US2007/080613

determi ned by repeated neasures anal ysis of variance
(ANOVA) wth the group as a "between 5 subjects”
factor and tinme as a "wthin subjects"” factor.
Post - hoc conpari sons between groups for both the
average effect and at individual tinme points vvere
made with_the use of a Bonferronl corr{eqctlon

adj
for the nBlacdnanples were seligcted arg gentrfuged jand/or sto tjeg on ice.
i ﬁtlgéﬁ}%@vﬁfﬁiﬁo%@d‘B§|nbrSA§g§§|§gr%s?iéﬁtgl ¥RL Tary, NC). The

Li near “regr ysi's wa
et b Skl ist shodm for all varialbles. rSztlahstloahs@etfmame Wwas sle@rmn‘(ed by

SRt LR U PR e
S%P%H&S RS CarPiRE R% %fHWs&ﬁ]Sct@eﬂa%[cﬁ' PostLiRAtoriPatfdons

general linear nodel was "'al so used to test for
betvgsmrf gmps fordsoth rtrne]e\aerage e@‘ecmmijatan@wbﬂuefﬂme toints were

S‘%ﬁa @19 h?f;lus%g rﬁ%\?gt:?’\{?ejﬁqogﬁo @J@?Eﬁ[%e ﬂ‘lu(?t?phc'ty of tests.
SRR A IchRbs Eéw@@ﬁ’éf@hbé, Ainfarcf 924 werslewiudt@dBynuIOVA.

Infusion into the left ventricular cavity 45 m nutes
Linesncegrassind ahalysisrvagipedorpradio determing therfeiation between

sefien Sho R R s e (el BLiafo (llb M phePlfm?®
DIfbreRESY IR grdBsid iR Betwee® %Fﬁﬁfgst\ﬁerlerboﬁmréd asiagdh@lgeneral
/R injury. 20 EXAMPLE 12 LI PHARMACEUTI CAL

licenPOBHEI. The Igen PR rsEBodRNTAS s ¢ URed fOISEESr IStAfiggnt non-
CARD YPAS
IG5 e A LR e s Py H SuptfehP fpei it p 905

extracor p@f fHis siutig Ubdtus aamvmtkatmwnLaxphe@harraacnmmal
Even if cardi ac dysf unction_is not clinic

Garplesition B fadlawes iy Plominye tirsioninte g et den Wwwa yity 45

BGES F IR G A PHTI8 oA Rbertusion period
readesd@lyberdii thfget sigbaisad pmemlalgerof dlylsfamaztﬁlgmerﬂaty Vehicle

further conplicate the WO 2008/ 04308
ETPUSRYGHE TBORTELECtiye baelts e ing Myacg(R! LB injury.-

Extracorporal circulation is al so known to induce a

system c inflamatory reqagijepgwWa h free radi cal

rel ease leading to secongiry—crr‘g'a'n' There is

EREIOPAARGAGELRTIAE QdnaosITyo t\gBRESHNvEsdb\Rom RUNOTION FOLLOWING
CARDIOPULMONARY BYPASS IN DOGS

To date, the major part of routine cardiac surgery is performed using
extracorporal circulation with cardioplegic arrest. Even if cardiac dysfunction is not
clinically evident, a reduction of myocardial contractility may occur as described in
a human study using pressure-volume relationships. In addition, coronary

endothelial and peripheral vascular dysfunction may further complicate the
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cardioprotective effects in cultured nyocytes, in
perfused hearts and in rodent 5 nodels of nyocardia

WO pdoaneioson (see, e.g., Pan, T.T. et al., J. MXT/UCH0T/080613

Cardiol. 40:119-30 (2006);70Bian, J.S. et al., J.

Phar macol . Exp. Ther. 316:670-8 (2006); Johansen, D
et al., Basic Res. Cardiol. 101:53-60 (2006); and Zhu,
Y.Z. et al., J. Appl. Physiol. 102:261-8 (2007)).
Mechani sns of sul fide protection include conservation
of ceIIuIar energetics, down-re ulatlon of

pPﬁtPPQ P &Y SSat rporal QiRulsi Bt'%elspdwowetowaﬂuce a systemic
||ﬁ%§ﬂrﬁéﬂoﬂff§acﬁ6|f1 RbthSred rAdidaErdh ?as%elgédl?\b ‘f&lﬁecéﬁb%ry organ injury.

potential cardioprotective e
phar maceul hersl is @mqngmgtevcdencé thﬂ&ydasganes.tlﬁdb ¢an exertiog

CORERBIRgHIR BToR 1 LT e PRy S, I BRrseACToRgn A 1 fodent

nvdd i S er
Rcichs ﬁﬁ}Wgaﬁg P IfabST(e hydro?éﬂﬁgﬁrf?yd% UYMol.Tell, Cardiol.

4D 3D (006N Bmoahﬁdeiaal U5 Pbaemaenl i exps (Taens3 ¥66870-8 (2006);

¢ 1 . A  cal
8635 B ShaliBad Retilaflon ol Ared BPBOLARG b Tz ot al. o
A*b@ﬂ@fhyts@l chor2t 2 8%2@)79}3UM@EWleBbIP§§lﬁdé@$oté@tﬁ$rﬁﬂclu6e

two cohorts of dogs using an established nodel of

ceasejwauora@fr@élula( esereelics,; dowaimgulation afinflgmmatouy pathways,

ogprbrE R o bt e i RS gemt vl ik Pkt
cbbdﬁ@gﬁ'étdcﬁ?@bffé&(bf A IRjdicephdrptacelintadl @oRTpoBItioR ®f M, Buv&stested in

of cardiac arrest) and 60 m nutes reperfusion by
ardog pdel & eardippuimosaryabyrasswo deteimiing whetharitgeicampound

<0Gyl RTREER 1) e Fhnleplf P 6 BE vl Ehaepy. n

abiiteh eﬂh@&#fecf emyurb@éﬂ sulfidie ol vageuisr JURBSN and myocardial
contrast, treatnment with vehicle did not provide 25

eaﬁw%'ﬁﬁéﬁt%l‘\@ﬁé’(%ﬁ”%”%nefl ts in the cardiac arrest
h
(i schem ayy, ﬁ@ rya%f?gcgjr %‘%ESrrﬁMF&F&% &lt{cﬁf’ct)f%;umﬂi%sto

and recei ve conpl’ I anc
pesiicte tarndsprotectiveebdindfito dalingSeardetpulrhonarytypasd was tested in two

cgﬁaﬁ;a%@;sz&m“sa'es?%bﬁa%dgﬁ,s@qﬁaiat%éa B o, .
UL SHRY 0, TR, 22 MO0 S0 pacnarimal

ua_ddMerrﬂmeainlujes cuftoalmhbpdlmdmm by ptsis ¢ 6 BEY) n{30i reivitas CBP
T 4 88 R B 9781t o AT Kphusiony oy restoration
ofLREfA- AoV, LIRflsfdn of Liquid Pharmaceutical Composition IV during cardiac
arrest and reperfusion preserved cardiac function as measured by preload
recruitable stroke work (PRSW). In contrast, treatment with vehicle did not provide
any cardioprotective benefits in the cardiac arrest (ischemia) model.

Dogs were randomized to two groups and received humane care in
compliance with the guidelines of the National Society for Medical Research and
National Institutes of Health. Dogs were premedicated with propionylpromazine,

anesthetized with pentobarbital, maintained with pancuronium bromide and
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partial carbon dioxide pressure |evels were maintained

bet ween 35-40 mmHg. The fenoral artery and vein were
weaokmsed to record aortic pressure (AoP) anBCBUSIN07/080613

t ake bl ood sanmpl es for biocgheni cal analysis. Basic

i ntravenous vol une substitution was carried out with

Ringer's solution (1 mM/mn/kg). According to the

val ues of potassium bicarbonate and base excess,

substitution included adm nistration of potassium

chl ori de and sodi um bi carbonate (8.4%. Neither
epdpisaensadiriekated, VertHalionmesmpiisgad @ migHeselyoom airand O; at a

freYShASER- 16N %ﬂﬁ‘:tglia?\tlcﬂgﬁl 'stéﬂné %Y g ﬁ'\’il?ggﬁé}égrzp itn%eh A]r\?rial

conprising elther Liquid armaceut1 c
pa i) catdonpdibXid& preseatniesels veere\nedintaireedissteveen f3%s4@immHg.

ThE SRRl 81 EINHeTRARGR Rt 86 SorbhBresmbis (AoP) and
tcy?aﬁée&éo&@émp@ﬁgéf@ teﬁermb| ANAISs | BhLicaNt RlPbak SbRime

t hor acot ony. subcl avian artery was cannul at ed
stibstitatiorewias lcapeEdf ativdth Ringer’s Sohudipal1 mlawinikg).s Aecardingdo the

VBB IeE PRI i oA ash B Supot Pt e o
adRMR3Eslorr NS S LhictideeHd SodilvaMiRirbonate (8394)S Neither

reservoir, a roller punp and a menbrane oxygenator.
cptachotnvines noRpthge hornonad L& PEessor suhistancistwere@siministered.
and sodi um hi Crﬁr bonate.. After iti

car di opul KEREAYCIEY FRU®r if'@ﬁ@'t’hei{ E'gugﬁ%h%rﬁagggwcal Composition IV

(1 GORMN B H 77 MR8 26T ortvehidéwerd infliedediring the$0 minute
cross-cl anped and the heart was arrested with 25 m/kg

camkac soestansh6q minytaveperivsiogesriod (fugkakh vfgion)s H20,

st di ne TS SRSRRENETE gisTRRREIRkFo iEdnergiatery
tRerbasMYT THY RFQUB BT el banatlatdd Ry artBrial pegfusion and

cardi ac arrest/perfusion, the punp flow was adj usted .
heparis adinistered [Somainiaip AnbrceaglIaloRLbYENaU oaiiiyas placed in

-, 1. initi i t _ i
O LR 575 b S 0o Ry ORI o) AER Blnancer,
aﬁ\%ndﬁis&gﬁadowbﬁ_rdlbe_pbmlralicnd/\aimembraaebugwmlt prirbéed adth
In the ass clrcult. . necessary, ventric ar, ... ,.
Ringen's laa{apt)@ RONHN wiihiepRHR 2B d S«mﬁﬁn é@a%fmt% iijfiatign of

SRR RSB TR SRR 8 el v oo
Wd aorenwas crossetiampediaad the beaCRBsartdstad with@bmoligcHTK
SRR G ol ToRE21 % K& 4M8c1, 6 H,0, 18 histidine hydrochloride
monohydrate, 180 histidine, 2 tryptophan, 30 mannitol, 0.015 CaCl,, 1 potassium-
hydrogen-2-oxopentandioat, H,O).

During cardiac arrest/perfusion, the pump flow was adjusted to
maintain perfusion pressure above 35-40 mmHg. Re-warming was initiated at 40
minutes post-clamping and after 60 minutes of cardiac arrest, the aorta was de-
clamped and the heart was re-perfused with blood in the bypass circuit. If

necessary, ventricular fibrillation was counteracted with DC cardioversion of 40 J.
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rel ease of the aortic cross clanp. Functiona

nmeasurenents were perforned and recorded before CBP
wap@saitoer 60 m nutes of reperfusion. |In additPOnUsS2007/080613

nyocardial 5 probes were coklected for high energy

phosphate analysis at the end of experinents. Left

end right ventricular systolic (LVESP) and diastolic

pressures (LVEDP) and vol unes were neasured by

conmbi ned pressure-conductance catheters via the

10 cal eul GOIRWMBYEFREY. (iR s SRR Lt 400 axyBen. Al

ahﬁﬁélg wWete Yddn@l fim OPB With&lt indYaiE 5apPdrt é@'rmn@tes B&Er the

the pul nonary artery or superior vena cava. Vena cava
releasel of esaoite erose clamnmreBundionbt sieasurepwmnteweod performed and

TG AP 0o B i B BB T 860 mi B
PROEESWE R AoNE IR fof ﬁlbﬁtén@@hﬂ)rﬂfs phBfb @r‘iéﬂ'sﬁ@@t fHeterid éfabl e
stroke work (PRSW was cal’'cul ated as |oad 15

expekpenigent i ndi ces of nyocardial contractility.

Cor onar I fl f
GosconaunbeR Bd Pl e ReTEr el RYES A diedRichieREyres
(BVRbP) ak rv@nmﬁés weﬁtorheabur@mweumtﬂﬁéu pressardtdrafuataree
was assessed after intracoronary adm nistration of a

cothedgre vaﬁ)thgaaoLémonaWear;&ru,rf@rSPﬁ@N@b(cﬁtrote voluge R was

RSO, PPISETRIA W S b She 85 g o

hypertenp @aﬁﬁ@mt@ﬁwmlﬁ@nhg arfer) @8 sapeticrogharvavaovemacsva
vascul ar resi stance iac contractile function was

oeslusions dvasg perfegaed & oblaima SpEepHOT RIFES YIS \@IYBe IRksn he slope

AR BF el BLARY TV iy Bho-SEotolc Brefbuld ilfte
rél%\h@tﬁstﬁ&:’aﬂdlﬂrm fetngithbRSstaoie Wotk@®RSW) efastdakculated as load-

experinments (2 hours infusion in total, at a dose of 1
indgnegdrptindices ¢f myogard ia| coRkAStNer e subj ected to 60

m nut es o LA Bfody i vas ('h?é‘shéﬁéﬂ Bt féﬂaarﬁ@ﬂié}' descendent

car di opul monary” bypass tine m nut es. Prel oad
areey with aperivascuiEeulvasani¢ HE@\@roUec@omam enddikelyinvdppendent

treated with vehicle in esponse tqQ LScC
VlaﬁP@l'éﬁteﬁlpbeai?a%ﬁ%eﬁr?iﬁeﬁHE@YBf% m%tf%eth&Pf apingle bolus of

a%%{g)l l 8&898/1 B4 3R8AnPEHdSHREART A RRPBAdenthsedilsthaficn after

arres reperf usi on was cardi oprotective as
mamuun&cbdnys&dte(&wantﬁ M). The vasoresponse was expressed as percent

change of baseline coronary vascular resistance.

Cardiac contractile function was measured by pressure-volume loop
analysis following reperfusion. Infusion with either vehicle or Liquid
Pharmaceutical Composition IV was initiated 30 minutes after CBP and continued
until the end of the experiments (2 hours infusion in total, at a dose of 1
mg/kg/hour, i.v.). All animals were subjected to 60 minutes of cardiac arrest
(ischemia) and a total cardiopulmonary bypass time of 90 minutes. Preload
recruitable stroke work (PRSW) declined in the group treated with vehicle in

response to ischemia. Infusion of Liquid Pharmaceutical Composition |V during
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prel oad recruitable stroke work (PRSW conpared to
baseline (Figure 15). Adenosine triphosphate (ATP),
wadesosiose di phosphate (ADP) and adenosi ne PCT/US2007/080613

nonophosphat e (AMP) content’s were assessed with

standard 5 photonetry using an enzymne-kinetic assay.

I n addi ti on endot hel i um dependent and -i ndependent

rel axati on was investigated in isolated coronary

rings. After the end of the in vivo experimsnts the

hearts were excised and the corona arteries
cREHpGREBSIANY EPsEURIon Hva@aaadlpmwt%sﬂ\'é@éuae%@é pyithe change

PERP b s table 5Tk Bty RO Rl e G 192

gl gcolse agbﬁcfpsme trifhespoater(ATY) cademos e diphas phatep@hlfd) and
n eane ' [ f d [
agnpeine .mmqhgé&?at%ﬁéN@Stvc%ﬁ{eb&rswsves%‘#%?ﬂv higtaferd
pHotetry %%\ﬁ'é?&yﬁ‘x@: RI3dsaY. T aHER6R RAdotheflMtRpendent

aortlc r|ng were” nounted on”stainless steel hooks in
anddiindependeot rptaxatian mas(lmm’mgatedw asplatedeoronany gpgs. After the
ALDin

oRAGH b5 B el o g By ofiseh anctIng sqpoqgyiprteres
wardtdatdB GnaPiaddd m%@ﬁﬁ(@] °DKrepéHamsBRR s@ﬁltl@nqtﬁﬂ&i RM NaCl,

the preparation to avoid darm i ng the endot hel i

ik R OB oL f PR §%>r@a9ga%*%n S el o e
i béﬁé&/éﬁ&?ﬁéﬁﬁi érﬁ\%roJ@ﬁﬁ@@éMcﬁﬁe tifeud and Eutatrarsyersely into
The rings were placed under a resting tension Ofgéw%f

@mnawwtbqlugs uBingtasopesAtiGDMicrAsears. 1Baleteroaqri 1o

e G e
1@@3@%@? MBKradslicn sy aintaiaur@cnﬁzmnof Iételbenfkerta‘eleit solution at
endo e

I um dependent_ di | at or ace | chol i
37-°Hand Wraete@weth@@f’/h Eianh 3% dPe 'a'cﬁtieafle? g"@édﬁégu””g
Ltropr I
BRI R G G0 bR, 2 dyaotons wers
red&@ta. ush@ébm@&toefo(dd‘:{}ansm@ers@ﬁadndtl Chassaf echiofogy, Menrovia,

Tabl e 2. Baseline heart rate S. SO er, in
CheUBAbAiiRHR0 GHIBENd AT 15 G PORURIEST e EMKA

fl efEpRtEd uh§EUL RsaYind ﬁ!eri?dlén of 2
f‘?ﬁ‘gg% r ou%ﬂsaﬁﬁggé&wnﬁ?gﬁ wa}g| significant i % bot J
driceeduiiThtegirfon e niipsies 09366 190 Sxti Oviekl) \A@smg/tgmtract the
PCT/ US2007/ 080613 74
rings until a stable plateau was reached, and relaxation responses were examined
by adding cumulative concentrations of endothelium-dependent dilator
acetylcholine (ACh, 10°-10* M) and endothelium-independent dilator sodium
nitroprusside (SNP, 10%-10° M). Relaxation is expressed as percent of
contraction induced by U46619.

Heart rate (HR), MAP, CO and CBF are shown in Table 2. Baseline
heart rate was somewhat higher in the treatment groups; otherwise, no differences
could be documented. MAP showed a decreasing tendency in all three groups

after CPB, which was significant in both treatment groups (p<0.05). CO showed
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no maj or differences between the groups and over the

time. CBF was conparable in all three groups at
whameloiieel |t decreased significantly in the cper/usto07/080613

group after CPB while it remai ned unchanged in both

treatment groups. Henodynanmic variables did not differ

bet ween the groups and over the tine. 5 Baseline

values related to left ventricular function did not

differ between the groups. After CPB, both left

ngﬁﬁéire%ﬁﬁﬁ&fncg?/ dhgﬁt@ﬁ?&gg S0 Brer e isrs CiEIp prasshmparable
rﬁﬁ! ﬂ\‘f‘é 'B‘ésél?r) tﬁ!ﬁ :ﬁ?mf‘&rﬂl fih BLEGRDI GRAR after

een erve in en unct| nin vivo.
GHB whlle:FPBemlameldasmhaeged n lamibttgelad:heht greupgHemodynamic

i fi,cantl C in the control whi ch was
vButles oo it FaGSen tie wogns ngever g no o8 VRS
SNP d' d nghsélinel Riludelenasd id Re vndidRtaralsktnedid hBediffer
time. The endot hel i um dependent vasorel axati on of the

bptveaamthegroeps. After &R, \bolh teélrventtrigulargdP/dband PRSW decreased

Rboar LB heGLERT ool whsE an il SRt Fepfiotres 15

aH5817?rl c control) and was con‘pl etely prevented in the
reated grou (Fl ure 19). Endothelium dependent
vasor el axBefoo@ edes have bieen ebsenvedreandaibelial

588 A R PG e

it the dUn@i@ﬁQﬁb@pOf/vhm‘tdK/@QQéhﬁldbbll%dﬂSy HeEPRigak 19). 12 response

control vehicle. However, ADP and AMP | evel s remai ned
te SNRdidisios diffes bebvesn thergseepsiancovritbadimant e t hat

bost schetlie SHgGliaNR-deHemef ie3FeiRatiortel T PlsbiRacted
cORIrAnP AHEHAIGINga 16 %&étyldhotuh@(/&(eh)twmsrgﬁlf canitli mmdn@nar y

bypass in a | arge ani nma These . bheneficj al
compedsan ool dage (N FIzis WAL ISt dusforc contral) and was

U S e

dependSR0RsbREAGLIdN after smuaolalﬁévbam iBelgro MEs.
REDUCES DNA DAMAGE _FROM ACRTI C- %\I— I Ng)UPED .
| SCHEM A- Kiyoeasdiah A0 Mmegsgrgments ta e atihe en e experiments

were significantly increased in the presence of hydrogen sulfide as compared to

control vehicle. However, ADP and AMP levels remained comparable (Table 3).

These data demonstrate that treatment with liquid formulations of
H,S improves postischemic myocardial and endothelial function after cardioplegic
arrest in the setting of cardiopulmonary bypass in a large animal model. These
beneficial effects may be due to H.S’s antioxidant, anti-inflammatory,

hemodynamic and cytoprotective effects, or a combination thereof.
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The cytoprotective effect of infusing the H2S-donor
NaHS in a 5 clinically relevant porcine nodel of

w0 bamsaeiosl aorti ¢ occl usi on-i nduced PCT/US2007/080613
i schem a/reperfusion (I/R) 78njury was exam ned. After
random assi gnnment to either NaHS (n=6; 2 ng/kg x h
started 2 hours before aortic occlusion and conti nued
until 8 h of reperfusion) or vehicle (n=6),
anest heti zed, ventilated and instrunmented pigs

underwent 30 m nutes of tic_occlusion using
i nfl atabl e bal | oons pl acégﬁmlgt ely downstreamthe
ALPIROIGRNISYLARE RERRICES BRA b%Mﬂ@E?'R%M@\ R @dC‘EUSIOFI\M&%}CED

During aortic occlusion, nean terial pressure
was mai nt ai ned bet WN&%‘GREEB%LMOM MeURY e- occl usi on

I I d ATP
bt g ¢ niPE ghioprotERRiattsct it infhe G A NES o 2
chIERNT r@nwahngom mbaélaif%rbe.c%rm SdudbiiRieqf the

15 basel i ne 1 evel damage in whol e bl ood sanpl es
isghemia/rgnesfustonvil/R i Imuﬂygn/a;s ed@minedel el ectrophoresis

odi an | (ASGEBRRariE To BiRA R @26 2 ey haterted 2

holisbefole agrfigaBelAéioNAn@tonBnliéd unth oNicplBuSioR) or vehicle
di fferences were tested with an unpaired rank sum

(et angwhlized; ventiiated @odiinstemented pigsf undanwept 3Qminutes of

ot 1 05 o0 pa BB B e o e
ANaBBIaRfgee dpétl%érﬁ m@dmaainfur&tubﬁqurmg@m d%tfh@&?& triean
achi eve hem)Mynam c targets ower ed gl uco

attgrialgressurg (MIAS arvm%nam;alwﬁ h?@(felnl@ 1 2@ Qfdrﬂ@ Bte-ppgiusion
BRSO R SRRk Py BTt

pe e behtiriofsti hahonaldfemlme weiks tittatedHSmdmtain MJ&PISBG%&)f the
beneficial during aortic occlusion-induced |/R i

baselinedews)| PHA darBage inewbalgiood$amples d{ﬁsoe\@mt?@ a_Mth 'sthgle cell
ggfé BP{r@ﬁHo‘?@é]s Eélﬁ%} {onl\é’(%ggpc bt Whbw, TH rrNgh L& h@glan

0 a co natlono The et a
(rrainge) a\tltbilrygmmd différepcex wetd teeteelfwmasF rieimanhANOVA on ranks,
%Jggggp e?gn%%/s%egrg élste wit Séznogr?;éacl)r%%(ir%ﬁk sZr?\ t(ejsl) Q

NaHS-infusion resulted in significantly lower heart rate and cardiac
output. However, blood pressure and stroke volume remained uninfluenced.
NaHS reduced the noradrenaline requirements needed to achieve hemodynamic
targets, lowered glucose turnover, and completely blunted the I/R-induced DNA
damage (tail moment in the comet assay, # p<0.05 vs. before infusion, § p<0.05
vs. vehicle).

These data demonstrate that infusion of the H,S-donor NaHS was
beneficial during aortic occlusion-induced I/R injury and establish that treatment
with liguid sulfide formulations prevents ischemic injury. The beneficial effects may
be due to a combination of the metabolic modulatory and cytoprotective effects of

this compound.
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-Ca) 0(Da) U a O(ncn (nCL 4- -W4 f6 co co
wO\E0R00B8043081 PCT/ US2007/ 080613 78 _ a) 4= BCDUBRON/ABIG13
U ONN ccoCOi Ncuayca(QO c¢c cl) OXLN?>

Va OUUC" O cncuCUcucucb >i.. O1,) -83
U>U>.CE2cocnCa) N-Da) co2 NO) -a 0O0O0a)
N- - 2!, co(NEa O v-O~.nv) EE 4- NOO a) O
O0Q-D
TABLE 2
Before CBP After CPB
control H2S control H2S
HR (min™") 114+ 8 1357 1304 139+ 8
MAP (mmHg) 104 £ 10 919 86 + 4 75+ 16
CO (/min) 3.22£0.29 2.82+0.27 2.73+0.34 3.02+0.21
CBF (ml/min) 40+5 465 24 + 3# 58 +17*
LVEDP 102 11+1 11+1 13+2
[mmHg]
LVESP 104 + 9 113 £ 19 87 + 3# 95+ 11
[mmHg]




-a a OYCYv OEO(OEoOOEo0a INnNOr r N
OCCba UC Ea) a) a OCCC>00Q chi) d) a)
wW@2¢{08/04308(0 Co Co 6) co -0 0 > CO CO CO N N PCTZUS200F080613
(alU U od) JcuECOC&0 O zEz z zi OU COCD
U c C CC-0U Evi O0OEO 0a >falLOa) U

CUQU Na) a)

TABLE 3

control H2S
ATP (umol/g drw) 91+£1.2 15.8 £ 0.9*
ADP (umol/g drw) 5804 54103
AMP (umol/g drw) 1.4+0.3 131202




VU a) cn(nU /) C—~6 0 W 2008/ 043081
PCT/ US2007/ 080613 79 TABLE 2 Before CBP After CPB
wa@eousHeostH2S control H2S HR (mn-') 1148 1357PAB082007/080613
1398 MAP (nmmHg) 104 10 9%1 9 86 4 75 16 CO (1/nin)
3.220.29 2.820.27 2.73 0.34 3.02 0.21 CBF (ni/nin)
40 5 46 5 24 3# 58 17* LVEDP 102 11 1 11 1 132
[ MTHg—EVESP—1649-443 19 873# 95 11 [mmHg] WO
2008/ 0430B1 PCY/ US297/ 080613 80 TABLE 3 control H2S
ATP (%m_&’gogrm 9.1-1.2 15.8 0.9* ADP (.inpl/g drw)
5.8/ ®. &5 DX AW (nmol/g drw) 1.4 0.3 1.3 0.2
WO pap8/®U I8 B PET/ U32007/ 080613 81 d3 Nco E C) 6
0 BaYco @O0 ash N

@

4 h after
clamping
0.15
0.14
(0.12-0.24)

(0.08-0.24)

2 h after
clamping
023#
(0.14-0.38)
0.12 §
(0.09-0.32)

017 #

(0.14-0.25)
0.12 §

1 h after
(0.04-0.24)

clamping

TABLE 4

Before
clamping
0.125
(0.11-0.19)
0.11
(0.08-0.13)

Before
infusion
0.15
(0.09-0.20)
0.125
(0.08-0.25)

Vehicle
NaHS

Tail
moment
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From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as by

the appended claims.
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Fromthe foregoing it will be appreciated that,
wa@bkdaokoumhl speci fic enbodi nents of the inventiPOT/OS2067/080613
been descri bed herein for g8irposes of illustration,

various nodifications may be nmade w t hout deviating
fromthe spirit and scope of the invention.
Accordingly, the invention is not |limted except as by
5 the appended cl ai nrs. WD 2008/ 043081

PCT/ US2007/ 080613 83 CLAI Hﬁ A conposi tion
conprising a stable quuidggﬁ ﬁaceutica

chal cogeni de or chal cogeni de conpound or salt or
precursor thereof in a pharmaceutically acceptable
carrier, hher efgompostioncemprisingomstaple katid phammqemmcal

SHBRYHE 130 S AL i ERIRBLAE P ol R SR HReBlRY
paétrﬁacatlcélﬁg@cd@‘ptétﬂé dairic UvitereathBrofadéhteation, pH and ox1dat|on
conposition. 2. The conposition of claim1, erein

pé%dtﬂ?t%ﬂfa?f%ghﬂpa@emd% Rpshalecganide aomegend aesahiamaig within a

T

1, wherein said chal cogenide conpound or chal cogeni de
salt is selected fromthe group consisting of: H2Se,

(I\?Izl-li)e HSe, BeSeW%gn%&ggp agﬁ%e%éégm leg%gfggeﬂi.de

canmoundrposhalcog?mde saldisselectbe !frennthﬁgrdup bai&sjelg@bfd &l,S,
SAPS. R R RAES, G5t TS, THOHE: 381G, &b, sis,

and BaS.

3. The composition of claim 1, wherein said chalcogenide
compound or chalcogenide salt is selected from the group consisting of: HySe,
Na,Se, NaHSe, K;Se, KHSe, Rb,Se, CS,Se, (NH4),Se, (NH;)HSe, BeSe, MgSe,
CaSe, SrSe, PoSe and BaSe.

4. The composition of claim 2 wherein said chalcogenide
compound or chalcogenide salt is sulfide and has a concentration in the range of
95 mM to 150 mM.

5. The composition of claim 2 wherein said chalcogenide
compound or chalcogenide salt is sulfide wherein said sulfide is present in

amounts ranging from about 80% to about 100% by w/v.



95 MM to 150 MM 5. The conposition of claim2 wherein
sai d chal cogeni de conpound or chal cogenide salt is
wamoBiogwsiwherein said sulfide is present in aPOUOER07/080613
rangi ng from about 80% to albout 100% by w v. WO

2008/ 043081 PCT/ US2007/ 080613 84 6. The conposition

of claim2 wherein said chal cogenide conpound or

chal cogenide salt is sulfide wherein said sulfide is
present in anmounts rangi ng fromabout 90%to about

100% b v. 7, The conposition of claim2 wherein
sai do c%al 'ogenT'&%co'E'Bﬂﬂrrﬁﬁ?lE# QP'"&%M%@@rﬁ%C%{P@Q?@de

comipblAE orvBRAIBbFerfide dais 4 duiktRe Wﬁel@érgéaﬁgtsui e ié‘g.ﬂéé%hg in

rangi ng from about 95% to about 1 y WVv.
agwptsiangng foom abauh9%othabeuh18RBdyliwiqui d i s sodi um
hydr oxi de. 9. The conposition of claim4 or 5, wherein
said conposition has a pHin the range of 6.5 to 8.5.

10. The cpnposTé 66mPbsifibRbMtI4in®D wherdeiad Bha8bgknide
conposition has an oxygen content of |ess than or

ceppaund gr shajcogeniderpalt tscanlists wheneirosaid salfide is pfesenhiar

I S r xi.dat j roducts sel ected

aff PSS RoSGechin el aftead bPeh LB, "surt i te.
sul fate and thiosulfate. 12. The conposition of claim

11, wherein said oxidation Pro_duct is sulfate in the
range of 8.0% 1Th®gomBpesition ef ¢laim Bawvhesgigesaid liquiddsisaigm
h?&lo¥@glfide in the range of (0% 1 % or thiosulfate

n € range of (0% - 1.0%. 13. The conposition of
claim1l wherein said storage period is about 3 nonths

at a range of (23-27) WD 2008/ 043081 PCT/ US2007/ 080613

85 14. The conp¥x¢ampesiten ef daim 4 ajSewberein said conepasiion has

alfl nflersngdBPsls 1§ Nt hs at a range of (23-27)

10.  The composition of claim 4 or 5, wherein said composition has

an oxygen content of less than or equal to 5 uM.

11.  The composition of claim 1, further comprising one or more
oxidation products selected from the group consisting of polysulfide, sulfite, sulfate

and thiosulfate.

12.  The composition of claim 11, wherein said oxidation product is
sulfate in the range of (0%-1.0%), sulfite in the range of (0%-1.0%), polysulfide in
the range of (0%-1%) or thiosulfate in the range of (0% - 1.0%).

13.  The composition of claim 1 wherein said storage period is

about 3 months at a range of (23°27°).



15. The conposition of claim4 or 5 wherein said
conposition has an osnolarity in the range of 250-330
worassohjokt 16. The conposition of claim4 or 5PCTIS2087/080613

said conposition is near i8sotonic. 17. The

conposition of claim1 wherein said conposition is

stored in an inperneable container. 18. The

conmposition of claim4 or 5, wherein said conposition

further conprises a chel ati ng agent. 19. The

con‘posn ti tglm of _claim 18 ?r ein said chel ating agent
sel ecf%d fTB‘?rP?W@O'@'F'%B elgina 1avherginpsaid storage period is

Shsd ﬂ?feoﬁ #4i c acid (DTPA) or
agglgtér;]g*xam nétl a5 gégfgré‘rp SI tion of claim19 wherein
t he anobunt of DTPA|n t he range of 0.1 Mto 1.0 mM

21. The c gpos tion of \ﬁherelﬂ t he amount of
def er oxani e i ¢ ﬁ%mPQﬂEQnS C'@'ni whereip paig somposition has
aﬁmérﬁtywr@‘ raﬁb@'o‘f‘%éloir?rfggﬁno‘éﬁﬁilﬁ' n said conposition

further Conprises fying agent. WD 2008/ 043081
PCT/ US2007/ 080613 86 23. The conposition of clai m 22

wherei n sajid nodi fyi. ent el ected f
o oup contPt | TRE BomPEaER AP Rk e S St onlapeRtion s
nB¥disefdmi®@ri ¢ acid or hydrogen sul fide. 24. The
conposition of claim4 or 5, wherein said conposition
further conprises a reducing agent. 25. The
conpositiﬁug of ¢l a|m24 vvh reln 138 i d redu

e

s ool ectba 1 TnEoRkogHalaTRET i Seighifeid cohpBAEEh i stored

irfah hpériciti®toktiihel. or gl utathione. 26. The reducing
agent of claim 25, wherein the anount of

dithiothreitol (DIT) is in the range of 0.1 nMMto 1 M

27 0 LRt 56 295y i 1Sl S AR o B8on

further comprises a chelating agent.

19.  The composition of claim 18, wherein said chelating agent is
selected from the group consisting of: Diethylenetriaminepentaacetic acid (DTPA)

or deferoxamine.

20.  The composition of claim 19 wherein the amount of DTPA in
the range of 0.1 mM to 1.0 mM.

21.  The composition of claim 19 wherein the amount of

deferoxamine in the range of 0.1 mM to 1 mM.

22. The composition of claim 4 or 5, wherein said composition

further comprises a pH modifying agent.



28. The conposition of claim4 or 5 wherein said
conposition further conprises a free radical

wae@somyer . 29. The conposition of claim 28, WeT/@51007/080613
said free radical scaveng®s is selected fromthe
group consi sting of (6-hydroxy-2,5,7,8-tetranet hyl
chroman- 2- car boxylic acid) (Trol ox) or
Tri s(2- Carboxyet hyl ) phosphene Hydrochl oride (TCEP).
30. The conposition of claim4 or 5 wherein said free

radi cal av er is trap.agent. 31. The

conposi ti of 8‘?']‘?10%?1“9\2%8?%' Ea ‘?’P%"@"F saif 4l mOd'fY'nQ agent
isSsEeEt8d fiom the §B " O
Nt but y ”‘phen%ﬁ L e Tk g R AT S
hV@PPUSEQ@WdOWUWﬂ:BOQGBVSLIIﬁde amethyl pipe rid i

ne- N-oxyl (TEMPO) ,

4- Hydr oxy- 2, 2, 6, 6-t et ranet hyl pi peri di ne-1- oxyl
(TEMPQL) . 282. THEcHAPOSHdH bPElaf 4@ Wh%ﬂelﬁ"@ﬁirdeddﬁeﬁ'@éltﬂ)n

spin-trap agent is in the range of (O
Wﬁ“ﬁkﬁ?mp%es Fmedycingegenti on of claim4 or 5, wherein

said conposition further conprises a preservative.
34. The conposition of claim 33, wherein said
pr eser vat2s/e iEne hpsdifsh 6f @mﬁ e, \hérein %@%ﬂdn@a@ém is
nzyI al cohol , phenol, neth ar aben, I
S?JﬁFt& drpm HPQ)WUPFS?&%EEW ofy u@ly‘HOtggﬁl@b élhTT)ocpr glutathione.
benzal koni um chl ori de. 35. The conposition of claim
34, wherein said preservative is in the range of

benzyl al ZﬁJhoITr(é)%ac@%)dgeht/bf clanens| whél¥rlthe Wi dMint)of
_rx_gt h¥l_ par aben $O% (W v b et hyI par aben
dittothrejtop §od [iis iy | heprraé'ﬁ§|0f9a1r i (0% - 0.25% (w V),
butyl paraben (0% -0.4% (w v), benzal koni um chl ori de,
(0% 0.02% (W V). 36. The conposition of claim?21

\é\her e: n @ve eqTLﬁevreldeuhgdglenhgtkrl?ugeﬁ%whérﬁdgthswréd)@t of

sol ve one eqw val ent of sodi um hydroxi de

9'&@@9[‘%'“&% rapas @i 61 gmMdoddWposi tion has a pHin the
range of 6.5 to 8.5, and wherein said conposition has
an osnolarity in the range of 250-330 nOsnol/L and
wherein 28. The composition of claim 4 or 5, wherein said composition

J81

further comprises a free radical scavenger.

29.  The composition of claim 28, wherein said free radical
scavenger is selected from the group consisting of (6-hydroxy-2,5,7,8-tetramethyl
chroman-2-carboxylic acid) (Trolox) or Tris(2-Carboxyethyl) phosphine
Hydrochloride (TCEP).

30.  The composition of claim 4 or 5 wherein said free radical

scavenger is a spin-trap agent.

31.  The composition of claim 30 where said free radical scavenger

is selected from the group consisting of: N-t-butyl-phenyinitrone (PBN), 2,2,6,6-



sai d conposition has an oxygen content of |ess than or
equal to 5 Mand wherein said conposition conprises
w@xiodatioon products are the range of 0% - 3. 0%REX/U$2007/080613
after storage for three nosths. 37. The conposition of
claim2 wherein one equivalent of hydrogen sulfide

gas is dissolved into one equival ent of sodium

hydr oxi de sol uti on WO 2008/ 043081 PCT/ US2007/ 080613

88 and wherein said conposition has a pHin the range

of 6. 0 8. S ition has an
e yie e e ogTER) ZBbiaety st et aumilnyipiperidine-1-
y@ﬂ eiMPSR). d conposition has an oxygen content of |ess

an or equal to 5 Mand wherein said conposition

conpri ses oxidation products are the range of 0% -

2. 0% wWv) ,aft stora flV nt

composi {1 8 of 189 SPP \ﬁﬂ bR R RRIP e spigntap agentis in
theY FHrRBST (8¥hd/kdlfo gg@m ] ssol ved into one equival ent

of sodi um hydroxi de s u Ion and wherein said

conposition has a pHin the range of 7.5 to 8.5, and

fange of 330. sd0enanmS e AT 8T R Bhelpin bl fmcsior

fiyBferaontbricas sreséwativef | ess than or equal to 5 M and
wherein said conposi t| on conprises oxidation products

are the range of 1% - 2.0%wv) after storage for

five nontRs. . i tiom. -

of a sulfi'de Sup?aciﬂ'ﬁiﬁqsg(fon é\fo‘% ﬁP@:ﬁ er?erg ﬁ%'wgﬁés%h%l?we 1S
seRictR] froQA® Pk&l&@onsﬁ’stun@lcﬁ%@hwl RicohoR, phenbl ahathyl ;Ia‘raben ethyl
hydr ogen sul as into one equivalent of |iq

mnm@bprqnycbaafﬂheg Butybpgyeben @hb@mzqi,lsnmwra@hl%m b
adjusting the pH of the conposition resulting from

step (a) toa pHin the range of 6.5 to 8.5, wherein

sai d conpgsiti wnebbﬁfpebmopromdmhmg aherajnisdid preservative is in

conposi tion of e tabl e for ipistratio

th raneefi ey alophol@rneOTRIv gt enenok( @m0 B, nidtng
43%@%—%@@@)?%@9%@8& 99,28 BoHAIRS Loropyl paraben (0%--
0.25%)(w/v), butyl paraben (0%--0.4%)(w/v), benzalkonium chloride, (0%-
0.02%)(w/v).

36. The composition of claim 21 wherein one equivalent of
hydrogen sulfide gas is dissolved into one equivalent of sodium hydroxide solution
and wherein said composition has a pH in the range of 6.5 to 8.5, and wherein said
composition has an osmolarity in the range of 250-330 mOsmol/L and wherein
said composition has an oxygen content of less than or equal to 5 uM and wherein
said composition comprises oxidation products are the range of 0% - 3.0%(w/v)

after storage for three months.

37. The composition of claim 2 wherein one equivalent of

hydrogen sulfide gas is dissolved into one equivalent of sodium hydroxide solution



41. The nethod of claim 39, wherein the pHis adjusted
by the addition of one or nore or hydrogen chloride,
wa@ 20080m08i oxi de, sodi um hydroxi de, and hydr ogeeT/US2007/080613
sul fide. 42. The nethod of 88l aim 39, wherein the pHis
adj usted by dissolving nitrogen, carbon dioxide,
and/ or hydrogen sulfide into the conposition
resulting fromstep (a). 43. The nethod of claim 39,
wherein the pHis adjusted by dissolving a

B WetBnisal SomPhstiodGos diruiba aadn OLaPrie Bks ancavherein said
cOMPRSRiDh AR aneSIthlbRg ih !ri&fiaﬁg@rbf(z%b 33‘64m §%|/E%Mhé}%ln

claim 39, wherein thé pHis adjusted I ssol vi ng
Sﬁwwlt@ﬂ hasgan pxgen ¢cantertrob (anStthen or ea ualtto S ¥ rameh wherein

e of cl ai.m 39 0 0
BB R RHoR e A thsr pRE B 0% - 2.0%(wiy
aftenptorddd fon fiv@fidntidlg from step (b) to an osnolarity

in the range of 250-350 nOsnol/L. 46. The nethod of

claim39, further conprising: dispensing the

at mospher Sor i pePBasiSTbEbE Ry RRinlBEind PP
hMrogEh%ulTElbfgzé i® dissbRietiRB, orfeldduile i WTRbURIN By drdfide Solution
exci pient to the conposition resulti gggf rom step

a(\B)WheAL@n spifecorapeitionbhag paHhinghe rapgs ef h5daisH, and wherein said
Cgﬁ“@r)gl ISH%aE%nntfén’?&éﬁg in g{e?rtgnbgeof 956%0%6%@?/%&9}d%herem

ng age g agents
saigestinspositiorehdsaah on} efceomagerf tessangdn pr eqaal\talsi wsand\wnerem
2008/ 043081 PCT/ Uszoo7/ 080613 90 49. The neth

SBXFIRRAS IO RABRTFESIRKIIRlIpR Afodss ara theganga ot s 0% )
aﬁgﬁ‘&brég% rM/é Rlonffout six nmonths. 50. A kit
COnpri sing

ne Oor nore containers conprising a
conposition of a chal cogeni de or chal cogeni de salt,

wherein said c n has, Hlnthe an of 6.
LoChC s o0 TR Mathod pF BreRaing &, CorpRabiian ol wifies Suifible for
aBRMNSEARIN t€&rPanimal, comprising:

a. dissolving one equivalent of hydrogen sulfide gas into one

equivalent of liquid, thereby producing a composition of sulfide; and

b. adjusting the pH of the composition resulting from step (a) to a
pH in the range of 6.5 to 8.5, wherein said composition thereby producing a liquid

composition of a sulfide suitable for administration to an animal.

40. The method of claim 39, wherein said liquid is sodium

hydroxide.



chal cogenide salt is selected fromthe group
consisting of: H2S, Na2S, NaHS, K2S, KHS, Rb2S, CS2S,
wQ@ big)p28s1 (NH4) HS, BeS, MyS, CaS, SrS, and BaSPCBRS2001@80613

kit of claimb50, wherein sabpd chal cogeni de or

chal cogenide salt is selected fromthe group

consisting of: H2Se, Na2Se, NaHSe, K2Se, KHSe, Rb2Se,
CS2Se, (NH4) 2Se, (NH4) HSe, BeSe, MySe, CaSe, SrSe, and
BaSe. 53. The kit of claimb50, wherein said

conposi ti i sot .. 54. The kit of claim
V\:th ein sg d CUPI?H] '%9@0%9@” Penvherginpihe Rt \;@dj@sged’pméhe

aHHﬁloﬁfof %hé'o‘?ﬂnﬁﬂe o\“"ﬂ%ﬁig@ln%'ldhogoeérﬁbﬂ?ﬁ&lé’é RIS hydroxide,

vi al s. 6. The kit aim 5 erelnsag

acdﬂm’drmn§tm‘i® gas inperneable. 57. The kit of claim

50, wherein said conposition is stored in said

cont ai ner under an inert atnosphere or noble gas. WO

2008/ 043044, PCfihdieid 918&5&339 Qherdin tFerH(Ist dgustéé gym

50, wherein said inert or noble gases iIs

dfascMrlgﬂ@trggmp:aCMd@mdng and/oHbydroge sklfide Naiorthcﬁ Nlenposition

Ar) pton (Kr), Xenon (Xe), and Radon (Rn).

m}g '{tr%r{'ﬁ(g%f) I treating human di sease or injury of a

bi ol ogical material exposed to ischenic or hypoxic

condi tions corr_Emel sing contacting the biological
materi al Bt h arethert phalaigmdlnwhereindhe dhrpisadivsied by

oo REE8 MR o B LER A DBl
nitfigea\emicvgiryger SUifidsi Bitértid dompoditiGrardsaltinglftam step (a).
intraperitoneally, intralesionally, intracranially,

intraarticularly, intraprostaticaly, intrapleurally,

ntratracheal | yne %Joa%?lH Yo, diflirk VhE prfls! dttjusted by

i ntravagi nal |l y, n rarect T opi ca

dIQSbWWrdférysuIfd@tntdmmﬂwﬁdsémon rersurtmuefrom stepadal.y .,
i ntraocul ar subcut aneousl y, subconjunctival,

|ntraveS|cuIarIIy, nmucosal |y, intrapericardially,

| ntraunbl gy cal te megﬁa@eﬁaé 3 flrthe®bthbitsi %9&,@5{.N the
by injection, by Infusion con I nuous ? go
oshirity bbihe dmynposmon resuiting from step (b) to an osmolarlty in the range

of 250-350 mOsmol/L.

46. The method of claim 39, further comprising: dispensing the
composition resulting from step (b) under inert atmosphere or noble gas into light-

protective vials.

47. The method of claim 39, further comprising adding an

excipient to the composition resulting from step (b).

48. The method of claim 47, wherein said excipient is selected
from the group consisting of: chelating agents, pH modifying agents, reducing

agents, free radical scavengers, and preservatives.



adsorption, by inmersion, by localized perfusion, via
a catheter, or via a lavage. 61. The nethod of claim
woNosm®sei N sai d chal cogeni de or chal cogeni deCHEB1007/880613

selected fromthe group conmsi sting of: H2S, Na2S,

NaHS, K2S, KHS, Rb2S, CS2S, (NH4)2S, (NH4) HS, BeS,

MyS, CaS, SrS, and BaS. 62. The nethod of claimb59,
wherei n said chal cogenide or chal cogenide salt is
selected fromthe group consisting of: H2Se, Na2Se,

NaHSe, e, KHSe, .Rb CS2Se,. (NH4) 2Se, ( NH4) HSe,
BeSe, I\/gg?? Ca ?”@F’é?é’,zgfea‘ﬂ%fm gé@éf%%emgé%@)ﬂent is less
tHRETSRROT 93N abBat §i3moHies. et hod of cl ai m 59,

wherein the 1schemc or hypoxic condition results
froman injury to the material, the onset or

o ot 55 AR PHEGRRG e yBOEie eiPriaies 8
compbsitlonbf &lchaRLEENIdBMe CRAROGENIEBER WRErejrSsHi@ ’&Btﬁﬁﬁggﬂon has

with the conP03|t|on before the injury, before
aphkigithgrangegh@840 8b.of the di sease, or before
henorrhagi ng of the material. 65. The nethod of claim
59, wherein the material is contacted with the

conposi t i®n afties kit bfclaifi 80 Ywhérei $Hi§ GhaRbgdHi@8bessi on
of the disease, or the henorrhaging of the material.

C@%Gogﬂmd%TIhEcﬁedﬁct%ql HPm the growe censistingeof; hpSrNais lNaHﬁn KzS,
. k :
KBS, RES] G3ps, MINFAS TNES B Mos, Ca Biaa Badod o

claimb59, wherein the material is contacted with the
conmposition in_an ampunt and for a time that protects

the materdal fHsnit eflaigeo® rwherainsaid shalcpernide em t he

: [ - e S 0
chdlbdtishie At RS B ERolE B o 3SR 3 S Narse,
K53%g, Kitiee dRinpSeh € 338ep(Nid]), S (Nél e BdSe g SdeCaB€) 8rSe, and

cgnsisting of: cells, tissues, organs, organisnms, and
Ba®Prals. 70. The method of claim 69, wherein the
material is an animal. 71. The nethod of claim70,
wherein the animal is a mammal .
53.  The kit of claim 50, wherein said composition is isotonic.

54.  The kit of claim 50, wherein said containers are light-

protective.
55.  The kit of claim 50, wherein said containers are amber vials.

56.  The kit of claim 50, wherein said containers are gas

impermeable.

57.  The kit of claim 50, wherein said composition is stored in said

container under an inert atmosphere or noble gas.
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claim71, wherein the mammal is a human. 73. The
woreaoRoaoef cl ai m 59, wherein the biol ogical naPer/ist007/080613

conprises platelets. 74. The nmethod of claimb59,

wherein the biological material is to be

transpl anted. 75. The nethod of claim59, wherein the

bi ol ogical material is at risk for reperfusion

injury. 76. The nethod of claimb59, wherein the

bi ol ogi cajss.mat 'ﬁr\é l%ilt olf gla?rlrﬁ SOT\bvﬁle(re];r?gaig?rr\rgr{ crapr?ollg gsélggg Fs

selected from the group consisting of Helium (He), Neon (Ne), Argon (Ar), Krypton

(Kr), Xenon (Xe), and Radon (Rn).

59. A method for treating human disease or injury of a biological
material exposed to ischemic or hypoxic conditions comprising contacting the
biological material with an effective amount of a composition of a chalcogenide or

chalcogenide salt.

60. The method of claim 59, wherein said contacting comprises
intravenously, intradermally, intraarterially, intraperitoneally, intralesionally,
intracranially, intraarticularly, intraprostaticaly, intrapleurally, intratracheally,
intranasally, intravitreally, intravaginally, intrarectally, topically, intratumorally,
intramusculiarly, intraperitonealiy, intraocularly, subcutaneously, subconjunctival,
intravesicularlly, mucosally, intrapericardially, intraumbilically, intraocularally,
orally, locally, by injection, by infusion, by continuous infusion, by absorption, by

adsorption, by immersion, by localized perfusion, via a catheter, or via a lavage.

61. The method of claim 59, wherein said chalcogenide or
chalcogenide salt is selected from the group consisting of: H,S, Na,S, NaHS, K;S,
KHS, Rb,S, CS,S, (NH,4)2S, (NH4)HS, BeS, MgS, CaS, SrS, and BaS.

62. The method of claim 59, wherein said chalcogenide or
chalcogenide salt is selected from the group consisting of: H,Se, Na>Se, NaHSe,
K,Se, KHSe, Rb,Se, CS,Se, (NH4)2Se, (NH,)HSe, BeSe, MgSe, CaSe, SrSe, and
BaSe.
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63. The method of claim 59, wherein the ischemic or hypoxic
condition results from an injury to the material, the onset or progression of a

disease that adversely affects the material, or hemorrhaging of the material.

64. The method of claim 59, wherein the material is contacted with
the composition before the injury, before the onset or progression of the disease,

or before hemorrhaging of the material.
65. The method of claim 59, wherein the material is contacted with
the composition after the injury, the onset or progression of the disease, or the

hemorrhaging of the material.

66. The method of claim 59, wherein the injury is from an external

physical source.

67. The method of claim 59, wherein the injury is a surgery.

68. The method of claim 59, wherein the material is contacted with
the composition in an amount and for a time that protects the material from
damage or death resulting from the injury, the onset or progression of the disease,

or hemorrhaging in the material.

69. The method of claim 59, wherein the material is selected from

the group consisting of: cells, tissues, organs, organisms, and animals.

70. The method of claim 69, wherein the material is an animal.

71. The method of claim 70, wherein the animal is a mammal.
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72. The method of claim 71, wherein the mammal is a human.

73.  The method of claim 59, wherein the biological material

comprises platelets.

74.  The method of claim 59, wherein the biological material is to

be transplanted.

75.  The method of claim 59, wherein the biological material is at

risk for reperfusion injury.

76.  The method of claim 59, wherein the biological material is at

risk for hemorrhagic shock.



