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METHODS OF MANUFACTURI NG AND USI NG THE SAME CROSS- REFERENCE TO
RELATED ARRbl.6#iJJ45dy: Thi s application clains the benefit pgf/kigddokisng
date of U S. 5 Provisional Application No. 601896, 727, filed on March
23, 2007, and U.S. Provisional Application No. 601849,900, filed on
Cct ober 5, 2006, the entire contents of which are incorporated herein
by reference. BACKGROUND OF THE | NVENTION Field of the Invention
10The present invention relates general ly to liquid chal cogenide

conposi ti ons, ('3 rly_to stable |iquid pharnmaceuti cal
conposi ti ons corrpf-fcga{% E‘ iQFeQOWF@SITﬂQE’ﬁ’tXNﬁ MEFHQBS El at es
to the use of such corrposmAnggctrgFﬁNgt I%escrlbs‘[l B mal s from

injury, disease, and premature dea t he Rel ated
Art Conmpounds cont ai ning a chal cogen el emsnt, i.e., those

Lormod - chal RoeRT IR EraiCE (R RELATRDAPELITIANG - “These of onents

are sul fur (S) sel enrrmmamsehtfoﬁabimmh@meh@ﬁt)ofWﬁm@duié@fru(§0)
Cormmon chal eni des contai n. one and Te, in

addi tion®to 5% Pl ApRiitatien No. 801636, 727, ﬂ?ﬁ’ Oﬁaﬁéa'ﬁhé’@ 2% ey Shown
that treat nppiy; ﬁeﬁAﬁBF&a@%H% @gmgrywcméd%h% Jéb@,fsh@bsb q%(‘e%rermt ter

and protects b| ol ogi cal matter from hypoxic and ischemc' injury

t hese st udi esteits ofahialieare iaorparatedt heneinbydefegencesul f i de (HZS) gas a
potent inhibitor of oxygen consunption, can reduce netabolism and
protect 25 mce and rats from hypoxic injuries (PCT Publication No.

W2005/ 0416BALKGCROUROOSE O4-80 SMRINTIgSR2007/ 080613 2 Al t hough hydr ogen
sul fide gas has not been typically considered a nedical gas, this

unexpected result presents exciting possibilities for the treatnent

or preventlpfad)é”ﬂanm%n of ani mal and human di seases, particularly

hypoxi a and d di seases and injuries.
1 The present invention relates generally to fiquid chalcogenide

compositions, more particularly to stable liquid pharmaceutical compositions
comprising chalcogenides. The invention further relates to the use of such
compositions to protect cells and animals from injury, disease, and premature
death.

15 Description of the Related Art

Compounds containing a chalcogen element, /.e., those in Group 6 of

the periodic table, but excluding oxides, are commonly termed “chaicogenides” or

“chalcogenide compounds.” These elements are sulfur (8}, selenium (Se),

teliurium (Te) and polonium (Po). Common chalcogenides contain one or more of
20 S, Se, and Te, in addition to other elements.

It has been recently shown thét 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

25 mice and rats from hypoxic injuries (PCT Publication No. WO2005/041655).



5Certai n chal cogeni de conpounds (e.g., hydrogen sul fide and hydrogen
selenide), are not stable in the presence of oxygen due to their

abi ity togpeadossiagm cally with oxygen, |eading to theiPE:TR?é?lﬁ%éﬁ?ﬁ
and chem cal transformati on. For exarrgl e, the chem cal ranstornati on

of sulfide limts its use as a pharmaceutical due to limted
stability, limted shelf-life, and the potential for 10 the

i ntroduction of oxidation products during manufacture, storage, or
use. Potential oxidizing agents of sulfide include oxygen, carbon

di oxi de, and inherent nmetal inpurities that can produce a m xture of
oxi dati on pAliiarHghdydeoggn sulfifler gasdiasst baee fypidally sonsidered a medical gas,
pol ysul fi deg,. cit.hi t L - s I .
Phe”rapi d ol BsR EeyPRabilh RRAl L p Ry BB 18 replinbhor prdubtir
phar naceut i cfad nawpbet of animal and human dispases, gertieuiplphypoda bng Bchbaief i t
to a cell "or patient in need of treatnent with a chal cogeni de,

fini shed do®igjed A5EaEeY ﬁ%‘f'n&fr@sst able, easily and reproducibly

manuf act gred, and de%@fﬁr@cﬁ&éog?n%nﬁ’pd&%?é.gf?fh%rg%:ﬁ%ﬂislﬁi?ﬁggifdgﬁn are

needed. Clearly, there 1s a need In the art fof s

phar maceut i kydrogen sglapioe), eronet sfable irmthedyesense ol okyasnduety theis ability to

cont ai ni ng | {1 . j .S defi . SUl. i.n 4 -2 val ence
state, eit héé%cgéﬁ@'égwggg’&’@r %ab ﬁgﬁ%gfe"f‘geg‘ég#{f’“ﬁ&ﬂé"%ﬂﬂé , etc.)
that may betrggsfvemitiont [Por adamples ther a@dniical pahsfonhatiorbolt dulfide limits its use
control |l ed nedi cal environnment for treat i

0., | of d ,
treatment i®@® ?W@afm@%‘tiﬂﬁ'rq‘{?d?gﬁ"%ﬁ@?%ﬁb)}’f“'@fj%g}f@% ?Pa zﬁ?gﬁ‘gfﬁaﬁ?ﬁ ﬁgr
res ponsqﬁt O iﬁﬁé&%&i&%ﬁbﬁdéﬁuﬁﬁrtﬁdeétﬁ Abrind ﬁﬁa-ngmcﬁﬁé,eéib@geﬂ&dhééal

event. The present invention neets this need by providing novel,
st abl e, |i qBo@ntidlanddiziogegeats of sulfids incluseoxygert earkwydinkidesandinherent

are denonstrated herein, to protect i, s A 1nj e

resul ting f'r“&%ﬂqWﬁ%wleéq%to‘?a@rpwﬁ%e%&éﬁ@ e iol’(ﬁ%hé{%}éaéd%ﬁgl 'gg’s&%@ﬁ'er
i nj uries anguifits ahiveuleRePdlysulfRies, WRIGRES/PAINBARNETANIS2CABNEBBEITS).3
BRI EF SUMVARY OF THE_ | NVENTI ON ) The present invention
provi des | i G0V the Ak pxidatinn ¢rsufidg e sidiase '*rggsﬁﬁf-'?e 38 et hod of
prepari ng aﬁﬁ‘a IBduddNeqgs@me. | n one enbodi nent, the present

i nvention provides a coﬂpoéition 5 conprising a stable liquid

phar maceut i cal chal cdipeprotigecr phetiaiaceufeal benafib ipa aellicopatisat in nged of

precursor thereof .in a pharmceutical l C rd I

t he concent Gﬁ?‘f‘lﬁ?ﬁ WBH e‘aﬁ'ﬁﬁt CRSE; ﬁmglb?dg%%&%g9%@%3@953@#&?@%9%%%ghgr
chal cogeni desfeaRaI thaiufsoiled | #HtBdasighicdionstandadgeuted chadmiriisiration are
criteria after storage of said |liquid pharmaceuti cal i

¢ | ] conposi Lion.
101 n vari ouseedasb Gleatly: there j5ea perd WheAtder stabigolintd Bparg%a:‘ee ni de
sal t is el i RSl tbs8TcontzRing MaRde. Dakide i<2S,
s, RoAL CpESsitgRrARIpRENRer dikidhy Ukl cotimg bRRde, bR
| n ot her enbefttieteas sylfur ireitsci2alaergerstate, eithesasmiSor astisalvferaoiiée.gal t
is selected,f h r consi sting of . H2Se. , €, ,
KHSe, 15 Rb%’é@%%%e‘%cﬁ Klpﬁf)’%%’e‘?e SRty Bé@&'“%@,s p@ﬁ%@é’ %‘?t@? 8
PoSe and Baggntrolled medical environment e.g., for treatment of disease, as a treatment in the
field during an emergency, or in critical care in response fo a catastrophic injury or
25 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.



I'n particul ar enbodi ments, the chal cogeni de conpound or chal cogeni de
salt is sulfide and has a concentration in the range of 95 mMMto 160

MM I'n pargigtbsasgrbodi nent s wherein sai d chal cogeni de pe@RRNFg0813
20 chal cogenide salt is sulfide, saidssulfide is present in anmounts

rangi ng from about 80% to about 100% about 90%to 100% or about 95%
to 100% by wv. In particular enbodinments, the liquid is sodium

hydr oxi de. In certain enbodi nents, the conposition has a pHin the
range of 6.5 to 8.5. 25l n one enbodi nent, the conposition has an

oxygen cont 514M I

enbodi nent , Ewgb}ﬁﬁﬁg\#ﬁﬁqﬁ‘f‘ﬁ@@bﬁbn ses one or nore oxindgtni60n

products sel ect ed frqrﬁe‘}ﬂbé’éﬂ'iﬁ\)eﬁ]ﬁ@n ﬁ#&vfdetsq’lquﬂlﬂcfnﬁic%itfé?g of Bhaiestdrel;
g or

The oxidation products maé be sulfate in the range of (0% 1.0%,
sul fite in ahwel aageethypobpegatupasd reinyg theos7e.080613 4 of (0% 1. 0%,

or polysulfide int hqn Bﬂg%ﬁqb%]:j{rﬁg-%’ t}]@&é&’en mr\{g@h% Bltggsogg ag&mﬁéﬂ%ﬂ of

(0% - 1.09%. € storage rio S at
a range 6f ¢&Adpdsing arstdbletigqiit phatmaelticy] ehaitod@ide d) chdidoyenit

mbodi , th i ti i i -
wCanol /L. | EORYISEOT S5 frecgror Barol Bt ehrnsopylealy parapiable carer,

embodi Ment Synbih FHRTABEATARN HHHNARMatiBn PRodUCRESMRAPEIRICHYhRNS' -

I n ot her en%’odl ments, the conposition further conprises a chelating
10 agent. Tokaledgsnidd eanpayadtor sall reyoaiDivathiry 8 carge ofavcaplanne galedaader

T e Ry B gt 1, 1 1 noe o 02
10 In various embodiments, the chalcogenide compound or
chalcogenide salt is selected from the group consisting of: HzS, NapS, NaHS, K38,
KHS, Rb2S, CS28, (NH4)2S, (NH)HS, BeS, MgS, CaS, SrS, and BaS.
In other embodiments, the chalcogenide compound or chalcogenide
salt is selected from the group consisting of: H2Se, Na;Se, NaHSe, K2Se, KHSe,
15 RbySe, CS:Se, (NHa)2Se, (NHs)HSe, BeSe, MgSe, CaSe, SrSe, PoSe and BaSe.
In particular embodiments, the chalcogenide compound or
chalcogenide salt is sulfide and has a concentration in the range of 95 mM to 150
mM.
In particular embodiments wherein said chalcogenide compound or
20 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 wiv.
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.
25 In one embodiment, the composition has an oxygen content of less
than or equal to 5 pM.
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



I n one enbodi ment, the conposition further conprises a pH nodifying
agent. The pH nodi fying agent may selected fromthe group consisting
15 of: car LQX%l.fe, sodi um hydroxi de, hydrochloric agj

hydr ogen S‘Rﬁ;}?@@gﬁsg I n anot her enbodi nent, thgbg/g@n%oggﬁulsgn
further conprises a reducing agent. The reduci ng agent may be
selected fromthe group consisting of: dithiothreitol (DTT) or

gl utat hi one. The anount of dithiothreitol (DTT) may be in the range
of 0.1 MMto 1 M The anount of glutathione may be in the range of
0.1 20 MMto 1 M In a further enbodi nent, the

conposi t i onoff(Q¥a-h8fb)conpelysidfidedinfihe mngadif (G- 19elawdhigeulfat irethierrarge of
radi cal sca@g/ng?}rogljay be selected fromthe group consisting of

(6- hydr oxy-92,5, 7,82 et r amet hyl chroman- 2- carboxylic acid) (Trol ox) or
Tri s(2- Car boxyet hyl ) Thkatgrabe gehiydmagbeaitiotes (dHER) at F hmglrafe23aiiopad
scavenger 25 may be a spin-.trap agent. The free radical scavenger nmay
be sel ect ed® MG HA GI8ST &oh#/ski ng of : N-t-butyl - phenyl nitrone

(PBN), 2g2, 6, 6-tetranehhy Eﬁib@@ftﬁéﬂtﬂﬁé mﬁbsi(igﬁwsgé&g&o_{arity in the range

4- Hydr oxy- 2, 2, 6, 6-t etranet hyl pi peri di ne- 1- oxy I'n anot her
enbodi ment , oft288-FHhpesimal/ln Ifmay heiscotanipor sew isptprieser vat i ve. The
preservative may be sel ect.ed fraomthe .group capsisting of VD

D008/ 043081PCT/ Us200}] 68GAT £ oBinSTF. e EMePStiah, b tipred i g ipermeable
par aben, etédHiaipgr aben, propyl paraben, butyl paraben, or

benzal koni um chl ori de. The preservative may bhe present in the rar?g(%g

of benzyl al cohol (098 othesgmhogimentsdhecompogitomiyihgy GImpriRass she

par aben 4£0% 2 ’ I %ot =i D 220 ; -

par aben 'Poversdft eficiling Spc VBRI hpagbtintgtc RASRIPA) or
benzal koni udefetuxamiinke, DTBA6a028p(esent) in the range of 0.1 mivhtaoh@ mM.

enbodi nent, _one equi val ent _of hydro ul fi de gas is dissolved into
one equi val BREr Bﬁfmﬁeﬂﬁm%ﬁ/{gé@@ﬁ%ﬁirﬁ&; wherein said resul ting
conposi tion has a pHih Bné BmbodMaéntothe GompositiBn furttin cospries oyt i n the

range of 250- 330 mOsnol /L, an oxygen content of |ess than or e%laj
to 5 p, M amedifidhproerts The Rixmesiying agelduey selapted e thergyaur ForYEtng

3. 0% W v afd &L+ Shof; fsBHiquﬁgogoﬂg&tH”‘yﬁr?cﬂoric acid or, hydrheh duticl ed

enbodi nent, ~one “equi val ént 0 rogen-su de gas is dissqlved'into
one equival ent of sodnanvihedembodienend)tbe compositien Birther RIMpPBESRH 2 i ng

conposition has a pH n_the range of,K 6.5.t0 8. n i d
range of 25(RIugiEg %@H%Vq_fedéﬂﬁmg)agﬁahméﬁ Re éﬁ&acgﬁd T‘F%rg gﬁ?ﬁgjgxﬁocﬁo}ﬁgéﬁng &
to 5 jtM agghig@ratol E9ET) e gRthRRINEO T Her Afvlat f itidothheitol DR ray Bétn
2.0%4w v) after storage for five nonths. ) I n 'éEt a furtflaer
rel ated enbthéirange of 8denddaitMl dhe asrouny af gytathiets maydejadhe enge of 0.1
di ssol v?§ i 11 equi val ent of sodi um hydroxi de sol ution, wherein
said resulti'ng onposition has a pHin the range of 7.5 to 8.5, an
osnol arity in the range fafth&mia&bmets the cdmpasitioodydber comrises adfee

| ess than or equal to 5 j

the range ofacio SCEHGEly t‘?l\é %%]quzuga[l gf?%l ré‘lgfgga‘a?i b%%ﬁ%ﬁ‘?%@(_&%%gb%u e
consisting of (6-hydroxy-2,5,7,8-tetramethy! chroman-2-carboxylic acid) (Trolox) or
Tris(2-Carboxyethyl) phosphine Hydrochloride (TCEP). The free radical scavenger

25 may be a spin-trap agent. The free radical scavenger may be selected from the
group consisting of; N-t-butyl-phenylnitrone (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



The present invention further provides nethods of preparing a liquid
corrposition of a sulfide suitable for adm nistration to an ani mal,

conpri si ngg (a) Dissolving one equiva
hydr ogen su?fwﬂg/e(mgugis into one 25 equiyal ent of Iiquid, %!ﬁﬂhs@tmoseﬁls
produci ng a conposition of sulfide; and (b) adjusting the

pH of the conposition resulting fromstep (a) to a pHin the range of
6.5 to 8.5, wherein said conposition thereby producing a liquid
conposition of a sulfide suitable for admnistration to an ani nmal .
WD 2008/ 043081PCT/ US2007/ 080613 6 In certain enbodi ments, the pHis
adj ust ed bybangy! aleehd.irhenek matey| parabeneelby! pajabery dnoryth parabgs, buwr bon
di oxi de, sqgj Y i |

enbodi nment s, F emp&%zg Fﬂ@ﬁ‘ddﬂ%ﬁadl SSO %’%@gﬁY 'ln% (Btet]ﬁésergm fhe range
di oxi de, aru?/benzmaltmhgetwmld%mﬁl\n) npbemdieo%d)m%ﬁmﬂv)omeltm phitabeg (ﬂ)%em

of “hi t rogerd 2o ey Erasapen A2 Toria T eaehee fofefl idhul
hydr ogeng SLI:LJM%r 6&9@%150@% | tdeRalk&Siit driltide! (U%&I@z%%((e)v) In

addi ti on, e adj usted by dissol ving hydrogen sul fide into
the conposition resum pmeyembodimangpnesgquivalent of hydrogen suifide gas ifod may

furth

osul't1 ng oAl Bl Qbiidien Bt SPY R hbniige BBudoh, SHEPAR shldiB5utting

mOsnol /L. composition hasEheH ietHecdngmpf 6.6rtb 1865, ancrsprolay dh Seaasgeagl 250

Gas i nto |5 MEEE: P SEe et ESR A SR U ENe e SHBPT S
sinto |i

addi ng 3p e&&dﬁmgﬁoé&é hr @QW & @9 - W}QL ANghdrsidrags & threp-months.

In particular e I ments of the nethods e OX gen content is |ess
t han or equal to 51AM ameiamcﬂmbcs:hmenbnnﬁequwlea ot usrogarutiidegss is

t he present en n_in It
cont a1 ner 5. SRTITHEEIRECR e Ry SRl RRRE Sy Do R Wncheinty Resuting
sal t, wher %dmwntibrﬂmpﬂtm the faage af 615 tors 5 e asamalarityfin heSange 8f 250-
I n one enbodi nent, the containers ar rote er
vials. In apf mosmaliboan geyaen 9%9'36’2 a‘?‘&' &gﬂ%gpﬁﬁgﬁﬁ%gggb
cer tain ki t&hdétfe% OcﬁB&ch? hid e rb§g§5ﬂ§%d 2 wv/aaﬁmiaﬁém@ege forivderorihs. 25
i nert atnosphere
Inyeta further related embodiment, one equivalent of hydrogen
sulfide gas is dissolved into one equivalent of sodium hydroxide solution, wherein
said resulfing omposition has a pH in the range of 7.5 t0 8.5, an osmolarity in the
range of 250-330 mOsmol/L, an oxygen content of less than or equal to 5 uM, and

20 comprises oxidation products are the range of 1% - 2.0%(wi/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
25 equivalent of liquid, thereby producing a composition of sulfide; and
(b) adjusting the pH of the composition resulting from step (a)toapH
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.



In particular enbodinents, the inert or noble gases nay be Helium
(He), Neon (W), Argon (Ar), Krypton (Kr), Xenon (Xe), or Radon (Rn).

In yet anofpeydifh@ied enbodi ment, the present inventi oR-RrRYdEReB

met hod for treating human disease or ignjury of a biological mterial
exposed to WD 2008/ 043081PCT/ US2007/ 080613 7 ischem c or hypoxic
conditions conprising contacting the biological material wth an
effective anount of a conposition of a chal cogeni de or chal cogeni de
salt. I n various enbodi nents, the contacting is
intravenously, intradermally, intraarterially, intraperitoneally,

i ntral esional |y, intiaeedaingmbpdirgentattheaH is adlustadby the addition of one or

i ntraprostat.i i a intrak i
o 0 & inpfe ¥l S A Yartlo B SB8EM HyorbRBL Wil dgen
i ml::) r at unor a$lj|iﬂde.i In':)oﬂaenermd_ c_ﬁmb?ts, t:tntpmiseac!jusmfmb* Fhssolhmgrrﬂtuﬁdnacémon
subcut aneous, ., SU (0] uncti va I.NI ravesi cul ar , .,Ucosa ,
“ntraper i catigkides gndionvaiogan Futids info the compsslipn résultng Tmelep (@), The

| ocal | 'y, gbynp i D LS . is i i
absor bt | o B B e LB o o,

via a cat hediexide or aiombination £ eitrogen and hydrogensufiigetintodhecomposition

the group. cisRafiod 7 HES YD A iR RerRARRL B8 ifidled iy BSGEHE" 11O
(NH4) 2S, ( Nhrblen Sdfide MiShe GothpoSitiSn rasultirdpffom|sterp@)t i cul ar

enbodi nents, said chal cogepi de or. chal cogepnide_salt is 15 se|] ect.ed
fromthe group consi Jﬁ’ﬁﬁﬁEtng maydurt TISRARYS '”%?SWQE%V ‘%&Jﬁe,

CS2Se, wmstmmmﬁﬁg B8R Sep W38 anRARIan #ethedaRyd85850-350

I n one enbodi the 1sChem c or "hypoxic condition results from an
injury to tm@smudieri al, the onset or progression of a disease that

another emmod rent CRE e es ripy HeRERRIRE MehePimpilfe EBhBRUfn ' "

bef ore the jgauighy frofeétep eb)t livico et atfosphagresebergafintolightipstectiee  or
bef ore henorrhaging of the material . In a different
enbodi ment , Viglse material is contacted with the conposition after the

njury, (ghe onset of THCGRLREENDY RfthbErihABARRIndAn X0 to the

hermorr hagi ng of the materi al one enbodi nment, the injury is from
an ext er nal cohyssitial resolting o siep (Par t i cul ar enbodi nent, the injury

s, e coRgRUtRARBR R PR R B R s
protects thgaiedrehual tofd evniceamee sikimonths.
In another embodiment, the present invention includes a Kit
20 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
25 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



WD 2008/ 043081PCT/ US2007/ 080613 8 death resulting fromthe injury,

t he onset or progression of the disease, or henorrhaging in the
material . W0 2008/043081 In related enbodinents, the materal, ks us0613
selected fromthe group consisting of: cells, tissues, organs,

organi sms, and animals. In specific 5 enbodinents, the material is an
animal, and in nore specific enbodiments, the animal is a manmal or a
human. I n one enbodi nent, the biological material conprises

platel ets. In another, the biological material is to be transpl anted.
In yet another, the biological material is at risk for reperfusion

i nj ury. 10l ischemicpahybexit sonditidrsdiamprising duntaritiog diog bimloginal enaterial ivith at

ri sk for henpr i_.c.shock, BRI EF .DESCRI PTI.ON OF, THE ,SEVE VI O
THE DA N ToANE S 6t o trbpstbm 6l 4 RS PGt aIoREN g 2l 11 e
oxi dati on speci es detigpgasslissémBodiiehB)ER ddntattifg B Rtrabervushie
concentration of sulfide is a%r eater than the 15 concentration of

nol ecul ar olW@darmalkg iniraaderially oiplraperitoneally, intralesiopgy. intracraniaflygr awi ng
illustragin Ol ' t; ' ueous
sul f1de Sol 8‘%’%‘%‘3‘°2¥é“2"”‘%t?é}3§%§9%$ GGl infiRtdRhbet), Ifrapedye 3 i s
a graph depintravitrgaliyy liitradaginall lirdravectally, tendcdlyr intratuserdily, irdrasmiscularly,
preparations, of Liquid c 0Si tian f H2S (Liquid Pharmaceuti.cal .20
Conposi ti Oninltr@?c_entoﬂealfyj/, m?rggcuﬁg%l)bﬁpgcﬁa?@Lgl g[sg%ﬁ)ry |v%lowﬁ'3y%séguqarliy,

sul fide stafiucbéallyl treeEmRsdibig iraimbiR iy, inteatoticPn, orMgUbESB! by
Conposition |V) over 129 days, manufactured either with or w thout
the synt het infecline) yt ipfusion, BY RYMEWEHS niks e AYrAbseRtioNc Py adprptisfRy .

Fi gures , EC fuipX Lon products
25 masJ?@dW?’%&f@égl,%%%}F%%ﬁ%ﬁ #" %%e%ﬁ{‘%egsdjlv#i%qe%agg'l fate and an
unknown oxi dati on pr ddpetticihe etribbiisterds, s3id chattagesideqy ehaltegenidg salf is

a liquid conposition of hydrogen sulfi -12 Liqui
Phar maceut i g@f“c@rﬁrﬁ&ﬁ'ﬁ%ﬁuq ?f?"%ﬁ-@gﬁfe%%&‘ﬂaé% @%ﬁehg&?r@@ RbzS, CS2S5,
envi ronnent LN@&S@N& g B DN TS, (598) af Babsence (5A) of DIPA. WO
2008/ 043081PCT/ US2007/ 080613 9 . . . . .
In particular embodiments, said chalcogenide or chalcogenide sait is
15 selected from the group consisting of: H2Se, Na;Se, NaHSe, KoSe, KHSe, RbzSe,
CS8,8e, (NH4)2Se, (NHy)HSe, BeSe, MgSe, CaSe, SrSe, and BaSe.

In one embodiment, 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.

20 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

25 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



Figure 6 is a graph of the pHlevels of a liquid conposition of
sul fide, 97 mM H2S (Li quid Pharnmaceutical Conposition |IV) neasured at

speci fi ed JBLEIMee, OVer a 129 day period. Figure 7A i SP@T@&?)B;}OSOGIS
denpnstrating urinary thiosulfate excgetion 5 follow ng a bolus

i njection of Liquid Pharmaceutical Conposition IV. The graph depicts
the amount of thiosulfate neasured in rat urine at the indicated tine
points follow ng adm ni stration. Figure 7B is a graph
showi ng urinary sulfate excretion followi ng a bolus injection of

Li qui d Pharmaceutical Conposition IV. The graph depicts the 10 anmpunt
of sul fate f@aiBiesdtinafrerathainjung the onsrt arpeegrassien of the diasiasesor

foll ow ng agum.pi At | : Figure 8A is a graph show ng
bl ood thi osﬁ%girgéq]@élerﬁgenn%%[gﬂarléd in arat over a 240 m nute period

foll owi ng a bol us i njirctiated enibddirgentd, {Rbanatadaus selatteCompothetgroup | V
(1 ng/kg). In this _tuﬂg,_ bl ood was drawn fromthe carotid artery 15
and sanpl esCUSSIPE O LU IS HEPREIBNS, RIPERISS, 200 a3 INSPeENGur ¢~ 8B

is a graph sheshiffendd, admatdrial B SNRBE aRBHS Hopslshetife srbodiMRhtsathed0
m nute period followng a bolus injection of Liquid Pharnmaceuti cal

Conposi t i onaniyng B agery)al or g human.st udy, bl ood was drawn fromthe
2 4 et St > b
carotid artery and syBhesniShind A hedbihLl FEERY @it asebkradsty

GC-Ms. 20Figure 9 is agra OW h e ctore erature over
tinme of a nouse (MIV@RZAhothef, disetiolugidal Maksis( is ipbedrdtisprambazkeut i cal

Conmposition |) and exposed to hypqgxi.c conditi.ons (4% 02). The, ti.nes
2t i ch the. | nf usi of NBGSY e W8 BiIAUER JRREHELR & IV feRsE T RS
exposur got 0 hypoxi ¢ ¢9BH: bhaRRBIAMBMbIHMIAR ha MbIssienResteAdIgs hNekkoeF ed.
25Fi gure 10is a Kaplan Meier graph conmparing the survival rate

measur ed ovhemoirhagiosh@®7B1J6 ni ce exposed to hypoxia (4% 02) that
were either infused with vehicle or treated with infused Na2S (Liquid
Phar maceuti cal Conposition |). WO 2008/ 043081PCT/ US2007/080613 10
Fi gure 11 i BRERDESTRIEPIGN IOFYTHASBEERAL AHWSNOFAHE DRAVINGEIS) m ce
treated with the indicated anmounts of Li ﬂui d Phar n%ceuti cal
Conposi tion IV. Figure 1 is a drawing illusfrating sulfide oxidation species detected at
a pH range of 7.0-9.0 when the concentration of sulfide is greater than the
15 concentration of molecular oxygen ([Sulfide] > {O2]).
Figure 2 is a drawing illustrating the oxidation products that are
detected in an aqueous sulfide solution at a pH range of 7.0-9.0.
Figure 3 is a graph depicting sulfide levels over time for three
different preparations of liquid compositions of H2S (Liquid Pharmaceutical
20 Composition V).
Figure 4 is a graph that compares sulfide stability in compositions of
H2S (Liguid 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
25 measured (i.e., sulfite, polysulfide, thiosulfate, suifate and an unknown oxidation
product identified at 37 minutes) over 129 days in a liquid composition of hydrogen
sulfide (H2S) (Liquid Pharmaceutical Composition IV) prepared in an oxygen-free

environment, either in the presence (5B) or absence {5A) of DTPA.



AST | evel s achieved statistically significant reduction at the

hi ghest tested concentration (3.0 ng/kg). ALT levels were reduced in
the three groups 5 (0.3 ng/kg, 1.0 ng/kg, and

conpar ed t\%b?@ﬁ?ﬁ%{b@ Statistically significant p-val uesPélgsi.Egé&?%l)s
and p<0.01 (**) are indicated. Figure 12 is a graph
depicting the percent LV or AARin mce treated with the indicated
amopunts of a |iquid pharmaceutical conposition of sulfide.
Statistically significant p-values of 0.05 (*) and p<0.01 (**) are

i ndi cated. 10Fi gures 13A and 13B are graphs depicting the core body
tenperature of pigs thigweédsaigraph oftiie Rithigeels of & tiquit coppositing of sulfide,

absence of Liqui r utical . Coppositi.on . _Figures, 13A..and 138
Show t e r 20T Pes BR MR A aRe LR AT PP, Mimoartitd s spipned

provi ded. intervals overa 12&dgyberiddt i s a graph depicting infarct size
in pigs subjected to 15 ischem a and reperfusion in the gesenc_e of
control vehicle or LiF4@H™E 7PriacaiaRuEemansitling deinayghiopyifate excretion
Figure 15 i ji il JOr5ck i K

(PrSw)  JecRBBioP ol e Ricetlonr BRI erBeb ficeP SbMpBLii by Ph Y graph
control vehdepietsdhe aimquhtiofRhiasuifete otciasated@o ngtasineiabthel dica@ritijue points
is a graph §$I cti ré%? .efetnt PAR or LV in animals pretreated with
control vehiP%PEINg2 "8’3 "B"Phar maceuti cal Conposition IV.

Fi gure 17 denonstrat g5guref7B ¥ engrapls Bhéwing unsalyenifae aoratehdolefing @ or
after cardi opul nonary pass_in the presence of control vehicl %]r
b cip the

hydrogen subgligiinjeqtion @ L%’Wh@f macg g CORPRISIGN e+ { G 8RN Qogp .
abY dT 1 9oankiBl S DR AP iFBRuRd 8inE HHARM AR RIS RNBARR | N

the presence of contro cle or parenter ydrogen sul fi de.
Fi gure 17B admmmigratiph. showi ng PRSWin aninmals both before and after

di opul b in th of tr ol ' :
par enteral  hy ogen SIHPAR & Jsa8h 06 A SRR PoWSEE s BEasymd s
Figure 18 i gmtayver APA0 AEAMETeriol foBwaip®bbiak iirféctionldf Liquitt Phammaceuticat o,

whi ch depicts DCBF [/03 in animals before or after cardi opul npnar
bypass i n { GOMpOSEEn 6 (bmdkit irpihis ks oGSt WaS BraNgIFOE e FRIEH BN o

o nterong | BhF SaGpRAAELLRled WFEERS: Sl dhaiPzddlyf G S ChOE 5 O

control ogen sulTi de. re"19A%i s a graph depicti nfg
vasorel axation in resfigmest is cgrapl sboning idoad suifidsrlevgls Hsasured in a ra

car di opul nonar ass .in th resence of.con vehi ogen
sul fide. Fi 8!9%“ %@W@Jtﬁ p&F‘ﬁ‘gf&ﬁ&’mg& ﬁ?las %escé'%’é%g%éﬁlyoﬁnﬂaﬁﬁ%;cgg%%&se
to SNP wi t heRtnaWshiBRYY (£ AgikPP W TROSUEy, MIGRBPEas trawrefrgmdseoaretio artery
control vehicle or hydrogen sulfide

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

20 Figure 9 is a graph showing the core body temperature over time of a
mouse (MJVCO7) infused with Na,$ (Liquid Pharmaceutical Composition 1) and
exposed to hypoxic conditions (4% Oz). 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.

25 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 Na,S (Liquid Pharmaceutical

Compoasition |).



10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Conposi tions
conprising a chal cogeni de and net hods useful in their preparation and

use are prQ¥ieRfseshe conpositions are stable, |iquid cpppesideh/MigsOf

chal cogeni des or chal cogeni de conpoungs or salts or precursors

t her eof whose effectiveness as a therapeutic is normally conprom sed
during 15 manufacture and storage in liquid as a result of oxidation
reactions that produce oxidation products. The |liquid conpositions of
the present invention have increased shelf-life, are easily and
reproduci bl y manufactured, are designed for standard routes of )
adni ni stration, and fﬂ@radOaﬁﬁsg@mugenwngﬁaeﬁ%m AShtangnfy- blexels of mige

of I seas ey ada SARTHE ISR RS By AUR! e bt COIRERIEN 2

chal cogeni de conpositions were consi der e sent 1 nvention
cont enpl at eAST hevels achdevean statistioally sifnificedt eacugtisn akthe highgst esgddasi s i n

bi ol ogi cal terjal || t hod f t ect ] bi ol ogi cal
mater Pal f roeanaia R Mook, AT YA WateeRycsCirbniuss Featme groups
injury. 4 Seedheyig,auw ﬁhgﬁ@%ﬁ@gmg%b cEHpAeads NEEielcCamRsichiyOagnificant
25The present invention'is directed to stable |iquid conpositions
conpri si ng Brvalves &b &k (Peanthiercq-91 (fék #aredrdicaled.ul in their preparation.
F WO 2008/ 043081P : f

or SO0 L 0P e BBRSELy LPRAR i e

invention, the term"I7qui arnmaceut | ca
conposi t i omgith ¢hd intdieatdedhrauriteof altiguid ipbatneaceuticaj vempssitioh of suifide.

aspect, the_present jnyentjon rela tQ a stable,..liqui

phar maceujti%%t's Sgnfflcﬁﬂ{ RipluRS Ef)ﬁ'@Pi(gé”é‘df‘: 1IQ:(9§’(§%? caé?d.

chal cogegi de 5 CO”DOLFgﬂxr@é@A!ahd%Bpéréf@#éWdéph&ithﬁe cofeqsoryn the
concentration, pH and oxidation products of said chal cogenide renain

within a ralegwesstusefaigaitieated withdeedhRingens in bl presanicer apagnfesof Liguid
b o _ _ ) RGeSy’ —of
ohar maceut | EAeeubf CAPSRIT Fads 104 8hq S8R AL SR ot

herei n " st apb®"twoaikpesmentstiith woalcespraddedn of the active 10

chal cogeni de conposition, the pH of ;the. chal cqogeni.de.conpositjon
and/ or chal cogeni de fﬂg‘ﬂ'ﬁt1i4d?la&’ @?@C@M&%ﬁ&%&e\/wm#@ﬁ%ﬁ?ﬁg@ of

accept ange fsbhdfd ghd reperfusion in the presence of control vehicle or Liquid
Pharmaceutical Composition (V.

Figure 15 is a graph depicting preload recruitable stroke work
(PRSW) declines in dogs in response to ischemia, in the presence of control
vehicle or Liquid Pharmaceutical Composition V.

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

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

25 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.



"Acceptance criteria” refers to the set of criteria to which a drug
substance or drug product should conformto be considered acceptable
for its i%g;}g&%%? As used herein, acceptance criterparakSiododobst
of tests, references to 15 anal ytical ;procedures, and appropri a?e
measures, which are defined for a drug product that will be used in a
manmal . For exanple, the acceptance criteria for a stable liquid

phar maceuti cal conposition of chal cogenide refers to a set of

predet erm ned ranges of drug substance, pH, and |evels of oxidation
products that are acceptable for pharmaceutical use for the specific
drug conposition basédugua 120s stonaph demonsisting gndetbeligdcalhiunction irevive

and cosmet  hgBaep s BERE T M s B0 o e Chlory H itk ebP R e
i ndustry. presence of conWal velidle 2¢ bpdrbgacsulfidé.t eri a i ncl ude any val ue

or range described herein that nmeets Good Manufacturing Practice
Regul ati ons pronul gatrd@Hre Sidemonstretssendathelial fepction &xHva 8ihe Presencs n

certain enbgdi ; i A4S i ange of
o 0, B g dimEl fenidl R REABLEACANRGE! FRLIC1IR i BidohUchléfing SNOT O
4 mont hs st asagaiazationdn regonse to agatylcholineevithedrwithoubchirdisptknonany

acceptance criterig is an osnolality.in a range of 0- g or
an osnol ari ?qusﬁ gl Qrgﬁcg)eceoq@c?gk@s\é@i%rnfﬁ_& enaSL{“?c%e 'ﬁ@?rﬁﬁ%% % 1,
2, 3, or 4 g%&@%iﬁé@@%@ﬁéﬁ&ﬁ&éé&ﬁ%kasw Wibhwitisduar age at 4C,
25C, or 40C In certaln enbodinents, an acceptance criteria is fa
sul fi de conesdioPHIMeNANEPYRASS-18 the Rrgsanceset controlehicly At hirogen suliide 3,
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 oft00. DETAILERDESCRIPTION QRgFHiE, INMENHON 150 mM at a tine point

of 0, 1, 2, 3, or 4 nths .storage at 4C. 25C 0 : ;
enbodi nents, an acce ARRB IS cEPPLISing asfnaﬁ?qggnbfleeaj\gﬁpeg]p d?‘élggr{"l 'Qd’t?/%"
at |east 85;g(@epataﬂoa%$lu (R@%re ploVicRRS Th8 Z¥mpatitibenale 8%k, ituid east 97%
at least 98% or at |east 99% wei ght/vol une of total sulf'{de and

oxi dati on pe@upesitonseficigicogenides phehalenagnidgrcompopnds or salsHr BEGHIBRTs
storage at r C I : haR dotmpromisdatdein
products ar@gﬁﬁtﬁgeﬁ'rﬁsgaetf%g&eghgse%%)raatﬁ%%hsﬁhefgp‘t%ﬁgnl 10%p_rlgeés thanQS%
| ess thds 4ffanuisture lrad siragé deliuidana2eguli of Oxidatiom reapdions H3 produes s

of total sulfide and oxidation products. at ti L , 2,

3, or 4 ronP¥datignproguctss q‘i{(eﬁlqg@éoanosﬁﬁ@ °¢W8 pgﬁ?%g'gmen%n Ravet

" phar maceut jealdskganeiea bl £easiy analvepivaccibghamithoturetibamodesigrak fer

refers to nolecular entities and conpositions that do_not a%g&uce an

al | ergi ¢ or senhdarddioutascof septiristratione ane ArapBRNASSOHS t BRd® Hran
or animal i i : ri ; j ; .
nal cogeni iseoh SfpSlsek S ScBliin Rhktd ieyiously iuid or gaseops
cont ai ni20g ahalbegaddecompesitiors, wereeonsidaesle The pEesrnt idvestion Rentemplates
periodic table, but 20 excluding oxides. These. el nt I
(5) " *sel en; taseyn e ot SGaE G afsarain Byou ) Mo a¢thel
chal cogeni d%%ﬁmse%ﬁéhééé 6r§tebﬁl%§i‘éfogﬁd’é¢ hisiSial Boin dseasBQr iNjuny| padictiarly
H2S, Na2S, , K2S, 'KHS, 2S, CS2S, (NH4)2S, (NH4)HS, BeS, MS,
CaS, SrS, BuSheSy, hypeRisdniuNaHSe, K2Se, KHSe, Rb2Se, CS2Se,
(NH4) 2Se, (NROHSe, BeSe, MySe, CaSe, SrSe, PoSe and Base.
25" Chal cogeni de precursor” refers to conpounds and agents that can
yi el d a chalagogegtaits Liquigh Phandcegoal Shhkogenide28npositides certain
condi tions, such as upon exgos,ure,_ or. a.oocﬁ épereﬁf g.er., t o bi ﬁieﬂ i cal
matter. &Buch precur sot e Pies gt 'Pﬁ‘tﬁf‘ 13 AGEHE OCﬁQ & 'agﬁicd’énﬂ?ﬁ ne or
nor e e”Zy”%bﬁnpﬂéing%%Hﬁ@geh%%d%%ethadsc@ééf@lwg@mﬁ)| gharatibs, Fohe

ec ,

chal cogeni de p ufsor 1s dinethyl sul foxide (DvB



WD 2008/ 043081PCT/ US2007/ 080613 14 di net hyl sul fi de (DWVS),
met hyl mer capt an (CH3SH), nercaptoethanol, thiocyanate, hydrogen

cyani de, Wbﬁ&%%ﬁfb%?' (MeSH), or carbon disulfide (CS2) chp%ﬁﬁfiﬁﬁh@
r :

enbodi ments, the chal cogenide precursgy is CS2, MeSH, o n one
enbodi ment, H2S is generated by the spontaneous 5 dissociation of the
H25 donor, sodi um hydrosul fide (NaHS), in aqueous sol ution according
to the equations: NaHS -> Na+ + HS- 2HS- <-> HS + 52- HT + H+ <-> H2S
10l n certain enbodi ments, the chal cogeni de conmpound conprises sul fur,
while in others it conprises selenium tellurium or polonium In
certai n enisupesaste the prgsantiayentionethedatio dingid avithaiegarddaghamansulical

exposed sul oin%sﬂ[o%g(ﬁ;szintér{aea%hicﬁmetat Iegésppr(h).(gqgsg Sn 4it I s contenpl ated

that this chal'cogeni compound con 5, 6 or nore

exp;)jsedl sul f imc)iedgr ou{nson@as;?cy, theipgsgﬂxﬁindemtiom’ela@edhei steble, liquid
particul ar odi nents, such ,a sul fide-containing conpound is CS2
(carbon di s‘?har"i“aﬁ?l.’ticﬁhc%i’?%fi'% whist gPmeHses @ PR@C&%\’@@&W{%Q%'C‘S

salt, pref | 1S st jdat
state. s L?‘fﬁg}“ﬁ?ﬁﬁ?@fﬁ% “‘Se;gﬂfﬂng"éﬁ%ﬁ?dg%?@%ﬁﬁé’éh*é‘?doﬁ“

i ncl ude, buxidationpoedudtsid thalceganidentemain Witbin(a\eepg of gocntance
hydr ogen sul fi de, (NaHS), . pot | fi ( '

nyar ogen sdris bR s, PHEE bP ! (et SR asod Brer
(Rb2S), cesdtumigswf bhidaiqliasArmassitival compssdiionder & phNE4YERed timerpeaiiodn

hydrogen sul fide (NH4)HS, berylliumsulfide (BeS), mm ' | fid
(MyS), cal ci um sul fi 48 ysedSpreig{stable] wwiersde #i(ed‘e?r{cgﬁﬁf?c’rf]%’jh%nﬁ&g’m :‘ i Se
(BasS), apd é%dgshﬁe c'g?néiéit%ﬁ,l dhe'1PYNRb %Rél@@g ile EORpositiod hsthsy ar e
unst abl e conpourids an many attenpts have been nade to stabilize

t hi s cl ass afelaogepiviercidation ppatuctscrgingining withinoerange ¢ areaptarosudriteria. n

oo P et o R PBhsB ol W B Fo A S o
can be readingtaiel o draperoaMcteasid domforirhie Bestriskiepdd aodeptetbi@for it$\O
2008/ 043081PCT1US20071080613
intended use. As used herein, acceptance criteria are a list of tests, references to’
15 analytical procedures, and appropriate measures, which are defined for a drug
product that will be used in a mammal. For example, the acceptance criteria for a
stable liquid pharmaceutical composition of chalcogenide refers to a set of
predetermined ranges of drug substance, pH, and levels of oxidation products that
are acceptable for pharmaceutical use for the specific drug composition based on
20 stability testing. Acceptance criteria may be different for other formulations,
include those for topical and cosmetic use. Acceptable standards are generally
defined for each industry.
Various acceptance criteria include any value or range described
herein that meets Good Manufacturing Practice Regulations promulgated by the
25 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 0f 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 pointof 0, 1,2, 3, or 4



15 products over time using standard anal ytical nmethods that are
described herein and well known in the art. As used
herein, "Qyb9alsioefsProduct” refers to products that resptédn@Nisosis
sul fide cheni cal transformation, inclyding, e.g., sulfite, sulfate,
thiosulfate, 5 polysulfides, dlthionate, pol yt hi onate, and el enent al
sul fur. Such products of sulfide oxidation could occur as a result of
processing, manuf acturing or storage (e.g., by oxidation). "During
storage" refers to the tine period after a liquid chal cogenide

conposition is prepared and Egl or to its admnistration to a patient
or bi ol ogi daPnth® sigsegat 4°C. 416 I GabeorTain PMESRITHRI iBFrRFCEPlanFR

present. T naRiDR e Al RN Sbn 080 miinl IS BENYORSIT, B! 51100

to a subject OW ng preparatio aged fo
st orage, eirhbieths storage atdiCd 268C,nar 40°Ceh asmihelderhbmdrmeat gelwceptams;e

form a sol form or other f t. d t

subj et - e A cBBOtR R A akpdpaias o the FRaTL L 360 Bkl 210 1
to twelve rmgms@rgé_qas niWA B tinte Boit SRNUNS, 3,&r 4 mentR® Bidisgd & 4°Tve
nont hs. he conpositions of the present invention may be

prepared f c25°§h9'r41%&edﬂ|0é‘aﬁr egobadinentsa@n ascapansetantaia is sullige present at

I pi ent | »
o T BN 5 5 O et e
V\tr’ LIS:a fra]ltmsi ﬁ\rlid?ia:gsm 8 )at Ilefgltg@ﬁmwblglmml egfﬁo?gtrxmgﬁploé iokidetien pfodutie iy
roealt or PlechAcs e O 1 205 o6 R EEPERC §r A0 M

concent sgt 'r@l&té%mh@duh%@é lakicaBbh momdss #e@resdﬂa@@?@dbiﬁt&nﬂ@@dm rebetrtaympe
of biological matter being treated and the route of admnistratio

so as to delQ%desaihaaiiedesy thagridarless haa Fodewnthan L dersdpannep: 9§%

over an app ety 1.2, 4
concentratl%ﬂgg%ggtﬁ%?%@g%%%@g&ggg{c% F?cogenl gtco 0Q1oﬁtn tE(F;r sa c'ror
precursor thentektorage at 49 258D g 49°PCO. 001 nM to 5 000 MM in the
range of 1 mMto 100

' 5
of 75 to 250 nM or Orn% '%%B%rr%aacegﬁc%ﬁcse& mY{ﬂBI" Iogicdiy9®
2008/ 043081 H%@ng/e%%&eé@ar entities and compRitioh§ tHat dpmat pdecs asal

conposi tions o present invention further conprise a chalc?ﬁ%nlde
consi sti ng afergia IOf’ smlameemastqdfeaem\eh@ﬁ admisystereddo phugean o arimake

range 1 mM enbodi nent, the concentration of
sulfide is ?W%W@Wa‘ﬁ%gnq%gtﬁgﬁlhgoo mM 5l n certain enbodi nents, the
concentration of the“Chalcoggedsde “chalsajenide compounds” refers to compounds

containing a chalcogen element, i.e., those in Group 6 of the periodic table, but

20 excluding oxides. These elements are sulfur (8), selenium (Se), tellurium (Te) and
polonium (Po). Specific chalcogenides and salts thereof include, but are not
limited to: HaS, NasS, NaHS, K3S, KHS, Rb;S, CS28, (NH4)2S, (NH4)HS, BeS,
MgS, CaS, SrS, BaS, H,Se, Na;Se, NaHSe, K;Se, KHSe, RbzSe, CS:Se,
(NH4).Se, (NH4)HSe, BeSe, MgSe, CaSe, SrSe, PoSe and BaSe.

25 “Chalcogenide precursor” refers to compounds and agents that can
yield a chalcogenide, e.g., hydrogen sulfide (HS), under certain conditions, such
as upoh 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 chalcogenide precursor is dimethylsulfoxide (DMSO),



or precursor thereof in a liquid chal cogeni de conposition of the
present invention 10 nore or any range derivable therein (at standard

tenperatur\gogmgloggoﬁ{s)suye (SIP)). Wth hydrogen sul fide ?@flus{(}gﬁoseﬁls
exanpl e, in sone enbodi nents, the conggentration nmay be Trom about

0.01 to about 0.5 M (at SIP). Mdl ar concentration may be readily
converted into weight per 15 volunme. Accordingly, any of the above
ranges of nolar concentration nay be describe in terns of, e.g.,
nmg/ M. Thus, in certain enbodi nents, the concentration of the
chalcogenlde or salt or precursor thereof in a |liquid chal cogenide

conposi t i ordigethylsailijstedBd3), melfaimnesaptas ([Cir:BHd mencgetosthapo thige@oate,
nmg/ m r [ Hhodi , .
concent rat |%% i@{ 5’%’% mtﬁ?q‘eﬁgﬂ'r@"eé@ @#&%#H‘g@%g‘;’@#;j gw&}arﬁ‘ 4
mg/m, 5 rrgér::fbodr:ﬁ\enw tHe chblcmg/eme p‘Bedfl:g‘écm is (EzmgéSH ODDMTBO mg/ m. In
one aspect of the current invention, ceuti

corrpos:otl ons conpri s&" an%ﬁ%n Bgﬁﬁﬂtd@%@%@ﬁﬁfa&fg’éﬁ p@@ 8H§i or salt
or precussocissé&%ggﬁfof fﬁ? S ﬁoi’ '%oaluhLl‘il}Hrgsulﬁdé QHIDRUYUBBIY sollitish

liquidis wate e'in other embodinents it Is a nore
physi ol ogi cmicb;dmg)tqjaelaqheﬁ@lﬂ ution such as phosphate-buffered saline
(PBS) or R nger's sow$n N fﬁ ther enbodinents, the liquidis
sodi um hydroxi de in ? potassi um hydroxide in water. WO

2008/ 043081PCT/ USZOO?I—@Q@I—@&‘,NSZ It is contenpl ated that
in sone enbodi nents, a_l |lgw d phar maceuti cal conposition is a
saturated sol ution w §p‘é 2%t 0 the chal cogeni de or chal cogeni de

compounggor sal t or g}f&?h%g;élfnoﬂr?ﬁ(ﬁﬁ&% 1pASnHBSSEIARE BirfpouriFodpiBes s

when us wi t hout qu as wt , viv, or ww neans %
wei ght - i n- valifunevifilerin ottens itoompotes stlediom, teliurigm dsp@wmuon ir%ertam

Vol ar i n- vaPBRameBls. 83dldodRtie8 ot Rfiia eShalnd cpiiba it ypdieg puiive

wei ght -in- V‘@rbﬂﬁé lﬁ%rﬂﬂﬂdﬂéﬁﬂﬁdﬁﬁetﬁ@ht ds:ohmh;ﬂ@{ﬁtishﬂtltbis chalbogenide
(Rem ngton's Pharmaceutical Sciences 2005% 21st FEdition,

Doyt d B, ECormpas s aotains Gv213. 4B, & REMATS RRIASED SHER SooHPoeALEN (AEHE
the 11 aysd PORRERARUIIS Al GRIBAS dmBRfimBhts! E'@ctpé SIRdE-cbMURITY @inpound

conpri se su neasured at 100% ( I n one enbodinent,
li qui d phar igeCSuicarken disuifoei i @ntalrbémbmmﬁnissﬁmcha*ﬁﬂéﬁﬂlﬁ@ﬁﬁ a&abri se

1'fid d at 90%- 100%
Shar maceut | BETeTabsaLs MTBIN e (A age S ee 7 SR curidsde
measur ed at e@c%@pas%@@ bﬁ:&d&iménts Idatrmav@rrmﬁdmm, but aundd limited to,

phar maceuti cal ositions of t resent inyentjion conpris de
neasured at S@BW-S eodNes?y podium W&OWW St)h%ctﬁﬁ‘%m Séﬂﬁ"?%?%

phar maceyt i Gl GhAl AN fide (KHS), lithium sulfide (LizS), rubidium sulfide (RbzS),
cesium suffide (CszS), ammonium sulfide ((NH4)2S), ammonium hydrogen sulfide
(NHa)HS, beryllium sulfide (BeS), magnesium sulfide (MgS), calcium sulfide (CaS),
strontium sutfide (SrS), barium sulfide (BaS), and the like.
It is well known in the art that sulfides are unstable compounds and

25 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



conposition of the present invention is in the range of (3.0-12.0),
while in other enbodi nents, the pHin the range of (5.0-9.0). The pH
of the liqgy P(m%dgiaceutl cal 20 conposition may be adj u%@@siﬁw@g%]ﬁ
physi ol ogi caI y conpatible range. For exanple, in one e men

pH of the liquid pharmaceutical conposition is in the range of
6.5-8.5. In other enbodi nents, the |liquid pharmaceutical conpositions
of the present invention have a pHin the range of 7.5-8.5 or
7.4-9.0. In one enbodi nent, oxygen is neasured in the range of 0 jiM
- 5 p,M25 in the pharmaceutical conposition. In one enbodi nent,
oxygen i s npadustedventimaesingrai@ndard anglytidal m@thedslthat arkdescribed herein
phar maceut i I n one enbodi nent, oxygen is neasured in
t he range O$nac{)wgliﬁﬁﬁ nltRSalUi in the phar maceut i cal conposition. In
one enbodi nent, oXyges usedmeasity ‘edidatio®pdlct) Adfers td moddcisﬂhtahmsuitfrom
pharmaceutical conposition, WD 2008@(943081PCT/ USZHI?W 0806 ?

The phar mactiidecghenisaipasiarsation. ine Bgé%gvnﬁu Ifitey apfatedh Wﬁklﬂ t%ir t her
conpri segox P& 0

nvent; o5 | PeSRespHRALS, pdthioRbtcl Gnd el spitul. S asites o

t hi osul f at esulfitel g:édationcdmsild dtaunias maesyt @fmmmsmmnumr@lgmmrage
sul fur. In varl ous Srﬁtﬁo gl ments, one or nore of these 5 oxidation
products is &e%e g anount | ess than 10% less than 6.0% | ess
than 3.0% |ess than“dufg stb@ﬁ"&éfafstatﬁ%;mbq:esxouraaer@haard chelssgédrtiden
0.1% less than 0.05% or |less than 0.0 In one .
embodi nent , cCAmROsHiandaPrenargd and efior @disqu’@“'sirgt'%} té’@em*'%nﬂ% biglogicabe
of 0% 1Q%¢ t te, is
of 0% 198 e, IRy AHREH BB oS Urbic B hieion thts . |
pr oduct , suﬂ:rfepae;i mymmtbhemrrmd@e!y)fadmirﬂs{etai to%(subjgct. Rathem éllowing

enbodi rrent t he tl on sul fi

0% 1. 0% wi Virepara ion, iE1s' pack %ecg 08 Storadine H%@% in ats'ﬁfé‘ oxF’ﬁa% ?gﬁ?%@g i
sul fate, isgdla@fRRfofr, égzﬁldff@ﬁﬁeoﬁthél%&@s@%w fb)radhﬁmmloertbachubmm
the oxXi datlon product, sulfate, is in 15 the ran

6. 0% w v) . Inrcesiain embedimasts. starage 5in &ia 1apEe 5F 8 E“tont%tﬂ twsflvs mprhs.,

th Ch e
prgdLg?qgsu%?éﬁo%%%sﬁ/ﬁ%g?sf o}ﬂvd)ﬁ‘l n %Q?I%éé;(ﬁiﬁflhs e oxi dation

one enbodi nent, the d’)hedaimpmltmne@(ﬁ&te preﬁerdsrw%@émﬂsbqﬂéﬁ@fﬁ@ ﬁan t he

range of 0% 10% w/ anot her .enbo

20 t hi osul f%tt‘@’quQu%‘??l ?H@"?'% ondy 'ge‘g@gg éd &ﬁ}? %f( 8@9%?%1@%5@[‘& fhvin

e”bod' ment , e QREAHONs PhaBHadeutithil Suielca(2005)s21°hEditien, Maog danid B.
1.0% 3 Oo/c(w/v) I'n anot her enbodi nent, the oxidation product,

t hi osul f at eEdi éiﬂnfﬂqoﬁewﬂémé agd VIIKNS) 0og wi v) . I n one
embodi megt, the oxid §itiBAY ¥PMbrelamt RREARSH mé
t he ragg@ of (0% 10% \?\'7}'&@8 ppn one e%%%ghﬁ?’g I t he oxp: dation pr oduc?s
25 pol ysul f indkale schmi¢oyenite cvra:tngé:ogémee (O%npoand)@q walt,gr. prepuraprghereot i in
enbodi rrent t he ,oxi dati on odu fi a of
I 0% - 3. 0% AP fosiied caneentie i ol coTeRiT e AT e Rty oplifect?o e
pol ysul fi dege S e’ 1358 67 51b1oQ Mt mattédemy reatetand the route of
2008/ 0431181FPCT/ usgzg%w 080?@
administration, so as to deliver an effective amount in a convenient manner and
25 over an appropriate time-frame. In some embodiments, the concentration of
chalcogenide or chalcogenide compound or sait 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.



19 I n one enbodi nent, the oxidation product, dithionate,
is present in the range of 0% 10%wW v). In one enbodi rrent t he

oxi dation .p ithionate, is in the range of 3.0%

In one enbo ?gndé@% the oxidation produgt, dithionate, is |n gﬁﬂ)%s\@u
of 1.0%- 3.0%wWv). In one enbodi nent, the oxidation 5 product,
dithionate, in the range of 0% - 1.0%w V). I n one
enbodi nent, the oxidation product, polythionate, is present in the
range of 0% 109w v). In one enbodi nent, the oxidation product,

pol ythionate, is in the range of 3.0%- 6.0%w vVv). In one enbodi ment
t he oxidation pr oductT hepiqu'gdpﬁai)mac@.;ticbiscdmpasﬁt@nsaxﬁg‘e pesdnt@¥eention

3. 0% wW v). adi 10 )¢ idati duct. p nat
Vs in the A8 ErTORE Bikogdnt dons¥ing Bt LiRaHREHE neBSntialiRtoR R,
oxi dati on psufitecit in Hec@@ge alms 280 mM. SinpheseReribbdinknt, the @enddntration
0% 10% W v)._ |n one enbodi ment, the oxidation product, el enent al

sul fur, is 9y fide is inihe r8Rge 10 aRM - @OQWW In one embodi nent the
oxi dat i og product, 1'%:‘? tglenﬂgd Hénts,| the cgnéé?'&'raﬁ@ﬁglethgfch%lc%g/%nldeo salt

-3.0%w V). In one ment, the oxidation product
sul fur, is @rgseuwrsol ﬁheteh:ém afigeidchaiegenide O@@Ms@on of the present invaitise

iﬁh{otif’t: orfs e = at At rararom gy el f P Bt BER Hp4cBbpag e
prior to ad@Dﬁ'@DBa@UQFUHOOQ U@WUHJ 0.5 0.800¢, @rEb@Ob HHBH 1 srtz)r'ag,eq 4Jf1 5,
the liquid 20 ﬁ%ar naceutical conposition is hree nonth

t he storagelBetfel & 4%k 2i® 4'h 2H2-3dhhel Bf2- @'83;‘7227@ 2.pp3 Qn%’fthélz 33, 3 4,

nbodi t t f | | t t
o ronths. S8 3ELRE- 38, P A0 Hl B RIS IR, £6)4 2ABORS! S OnksSnADl
anot her enbmdrenerrﬂny range agdvaifle tﬂmerhl(qmtmcfmaltmnmtureahd CmRHsuE ti on

i s about t and the storage erature 25 IS | ange
of 180 270 S1F). Wth Krdeh sule bR et ™R by Sie ambeliihdky
phar maceut i ggHcef@ERASMbY 8 ficin aBeW0.0 Niead DI, (afSTP). he storage
tenperature is in a range of 4C 23C. In another enbodi ment, storage

of the |iquid phar madéelar exiceptsatissmay ba readiisenyerigddniaweight Peing t he
t

3008104 3561 BT B At R 2o 38 ¥ Boytrafgie ofroBFesitBhuratl may be

phar maceut i ¢edcribe ipsimsiabne. gs nagjmm Thwss frveertaimembodiments, ke conneatyation

t t t,

ot hode of -t BeSeRgSSIde oG S3h: Maewser bareotinaatd cBRCe ST ™"

present i nv%b%ﬁ:é#bﬂhébr&%@@tﬂv&ﬁt:@ﬂbhﬁtHeﬂﬁnQ@@f O9NT0a0iniymf0. -100e
| i qui d pharnmaceutical conposition to an osnmolarity in the ran(gﬂ_rlately

200- 400 nOsmgfmior [+ Odﬁéfn@mb@)mf‘@é amnbodimends o awqeytrahort §ePPr
oot oni &0 wfigs R PR gl A AR SmBimd Brciinb 7HEAR, 8 i, &1

i sot oni arti e' osmolarity of
liquid pharﬁﬂ@mubtaalmgimirposi tionis in the range of 250-330 nOsrmI/L

nsi kg, NaG rmy be 10688 S36aPreErgramineate ol BeABreEs,
compositions comprise a chalcogenide or chalcogenide compound or sait or
precursor thereof dissolved in a liquid. in one embodiment, the liquid is water
25 (H,0), 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.



In certain enbodi nents, isotonicity of |iquid pharnaceuti cal
conpositions is desirable as it results in reduced pain upon

adm ni str nim zes potential henolytic effect

W th hype??g%pgﬁgﬁsﬂ;potonlc 15 conpogj tions. Thus, theﬁgﬁggﬂﬁ?ggﬁg
conpositions of the invention not only have |ncreased st orage
stability, but also have the added benefit of substantially reduced
pai n upon adm ni stration when conpared with fornul ati ons usi ng ot her
nore traditional buffer systens consisting of an acid and a salt form
of the acid. In one enbodinent, the stable |iquid pharnmaceuti cal
conposition is 20 padks geatemplated thab iy ssae Pabedimanis & liquid phasmasauica!

contai ner” oﬁ; s?tco‘iwois%qé%{ttfrh{é%rﬁ%ldtf&ﬂtwui?{) ¥bé§c§ rt]c?ﬂ%eéhré%gﬁﬁzdg%"r” er to

t he passage nol ecu ermeabl’e al ners nown to
t hose skil Icehﬁiaagehhle ca:rﬂpcmnd araallt odprecbrsor teeeagiot |imted to, "i.

bags" conprising a neabl e ,construction eri.a al.ed
gl gss Vi gF Thegl i qg nﬁfﬁ‘?ﬁ%@%%ﬁn 3 N8 P‘T’%ﬂa{% tﬂgalﬂfé@ﬂ%’b%& th
into an 85 WAPeABRARNMG rﬁ@éﬁs':\%rwéngmnivewe RF BOEHOY & @ad@mhiqeumqm)
Nobl e gas refers to helium (He), neon (Ne argon (Ar) ypton (Kr),

xenon (Xe), %amglntaad@h{rmjor splyéipps gfa@aaeéﬂréh@i@?owvl F/bg@lﬁm@ﬂmvcﬂum?efw
t t

contai nor . SFRATRRE Rafice FIG, M) BB LIdERTR Rl G IR B ReRSand =
2008/ 04308 1&miis bIRRAOAVPERBNB gD 'spRfckmgeeutical BtightesiR008) £l i/&dmpal Brogr
e seal od aRAVBLEdY Lnpiiedl fuusRegig kcs). Mot the fegposttion my

enbodi mggts, |iquid phaprdBaRebintdit, eNBGE™I ghadmacaftichntoniyosRiens of the
i nvention conprise one or nore excipients included to prevent

oxi dati on ofreSentrevertian sogwnse sulfide magsytegral §O% whed%e WHar'B@Pei s in
the range o I J=Yesctelad

storage is %‘HB{’]‘ﬁg‘eﬂ&t’%’d&% one%@'cg{&dnﬁ‘g%? [?gs o?tt%?(frﬁ}% enboglﬂg n@%@@pnse
storage is sulfiddmeasured abBOVIW BEHO% Gwid. x!nmuémbodimesbmidrﬂbadnm@saf
storage is in the range of four to five Enbodi nent.s,-e.
present i nveATHPRHI q&%pE?SQFHBY?J“QQ&ONPé'ﬁ? sﬂqﬁdﬁ%e%f#ﬁ@gr{f C 15&%
exci pi e%s 9) Tﬂ%rn% eMhISodFRENt, ﬁ&ﬁl&@hh:@ﬂ@é@tl@él%ﬂﬁﬁbomﬁﬁm@ﬂtﬁs presgintide
chel at ors, fying agents, reducing agents, antl oxi dant s,

spin-trap a@&eumts)rmmnmﬁ@s?éﬂﬂﬂ@tme@%ifed at 98% - 100% (MVlone enbodi nent ,
| i qui d pharmaceut i Caﬂﬁe‘rf‘%{@%b&‘h%ﬂﬁe| ip Q%?aﬁgﬁﬁedﬂarrhg ;tgb%a%emde

optionally contain c ors or ¢ ent elate 1s a
wat er - sol ubtgmpesiidresf thebresent mvertiar is itheerndga ot@pi20) hilegenther | t

1y 15 d d I f
Coml ex. | nemaBAET s Bids e angoal (& Prdhnthe s e i Bardfack Al
exchangeg g&s Wg)&%sadﬂjstédﬁﬁébﬁys%lo@hﬁ bR reRbé. Roosambet

chel ati on occu a much w der range of elenents. Chelating
agents vyi el bhiorg embmbh@nhéh%lbl'idﬁfﬁl‘ﬁﬂ m&paar@a&egm%avmeas@%@égm ehge

agents. A ch g,.a ﬁfxﬁéce

groups 20 tﬂlg% g(ﬁoﬁ &ﬁe{ﬁﬁlﬁ%lﬁ% e lﬁgﬁ%ﬁa P h %&F&ﬂg&l (magsOf-th?
-NH2 or 'Ooﬁreseﬁwht!ékﬂrdﬁmaﬁre atdiie&etr@rrau@soﬁﬂé»& HonT .80 as to al | ow
ring formation wth the netal

| es of natural occurri
chelators include car B&W&“&Q%‘“W%Wnd@measw din¥ie range of B9 - 5 uM
25 in the pharmaceutical composition. In one embodiment, oxygen is measured in

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

pharmaceutical composition.



pol ysacchari des, organic acids with nore than one coordi nati on group,
| i pids, steroids, am no acids and rel ated conpounds, peptides,
phosphat esyoRitlegfk] des, 25 tetrapyrrols, ferrioxam nespc{lgxgﬂgﬁ%ﬁg,
such as gram cli (?i n, monensin, valinonycin, and phenolics. anpl es of
synthetic chel ators include, but are not limted to,

Di et hyl enetri am nepentaacetic acid (DTPA),

Di et hyl enetri am nepent aacetic acid pentasodium salt (DTPA5), CaDTPAH,
di mercaprol (BAL), deferoxanm ne, desferal, 2,2'-Bipyridyl WO

2008/ 043081PCTI US2007/ 080613 22 - ‘ )

Di er capt opr opanol Et Ak @hetmageuticaleompesitivn of thei present invention may further
Et hyl enedi oxy- di et nedi.ng t.rl Q- \.C i T
CaNaZ2et hyl e%)eﬁ?#‘e?%i necia"e!fr:’S fﬁ%é@é{cl@c Idé(ééagi% %? %‘@fdesn%ﬁﬁé Brésﬁ%ﬁbennon include,
gl ycolh- bi s-Kik-aderh dlﬂidﬁﬁited th; #hlﬂiel\bulfa?é,-thieémlm%io’lySﬁﬁidésl cﬂtﬁﬁiﬁé}e,

i onophores, Nitrilotriacetic aci NTA),. ortho-Phenant hrol i ne,
Salicylic d&lﬁﬁlogat%?ﬁ%ﬁ%m%ﬁ%}ﬁugurz,lg-Jar'ﬂ%%%ra PYRIFEE: ANE OnAqse of these
(DVBA) , 8T i SLdaionl #Bhites (s Hrésent i b amidvfl 1B3Y fanY1Roh NYd LG oot Nesdl
N, N -tgi a‘?gg?c ap(’i:l% Tr ﬁspgé%%nm'sal ta (HEDTA), Nitrilotriacetl 3 acid
(NTA) . than 3.0%, less thao edbolgissihian 0.6%e lespinaned. 286, dersi then £. 1%, IesPA.
In certain enbadinent t.he gentration of DITPA is about, at |east
about, or a‘ﬁ%@&%b"dﬁ?sﬁ‘gaﬁ,ﬁ&g.@oL 0.01, 0.02, 0.03, 0.04, 0.O05,

0.06, 0.07, 0.08, 0. @9ondembobimtntthd oxidation Praduct) soifitedisprederlt,in thed,
1.0 MM or Mor an

BTPA ' | n TREe PLHY ROV ARG THRPHIP IneTon GUTHOhSU i M the
synt het g q&ﬁb%}'ﬁ%{ﬁ&?é{f’?&@/ﬂf nPEﬁé\émﬂoamee%ﬁtn% &im%rs&%tssulﬁte?§ in

concentration s’in the range of (0.0001% O0.1% (wv ILn
anot her enhtbdiramge of DIRAS.0%(W/v). 16 oneembmdipensf theaidation pygquat. spifite, ds

one enbodi ng DTPAS J,5 .1 range of (0%to 0.01/0)(wv).
I n one enbo'&iqﬁ%mn,get%gog"ﬂr#a/ﬁ@pﬁc chelator is CaDTPA. In certain
enbodi nents, the conggshé ahibelingdnt GaDbRatien podust, tbifate db geeseint in the

0.0001% 0.1% (W), | mbodi ment, CaDIPA is in t f .
(0% o 0. 0LAGRE! 050 Ok ar> ERBBHITAEA e PRERYSN OBl WAt dhi

of (0% 151 RLrlbel bt 3.0% - 6.0%(wiy). IToRSEmBERRENTING oxitiBRoreN@UNSY bdifate,

chelator”is oxam ne. In'certaln enbodi nents, the concentration
of def er oxaigiiménd mngbofil % tat3.0%&%).alboane erapodimentb He axdationprodudol

0.01, 0.02, 3, 0.04, 0.0 . 0,07, 0.08, 0.09, 0.1, 0.2, 0.3,
0.4, 0.5, nggf,a?q)_ls]!ntggeggnqﬁgﬁ()"%‘i WS M or any range derivable

therein. In 25 one enhed:@hibodindre, tefoxidaxanpraiuck thiosulfaée, iapgeentin
0.1 mMMto 10 nM | n one enbodi nhent, the_s_nthetict
chel at or i sthemaage pho%eta%iwivie B GaPieR eTRodiMent.dhe xidalien BIPAYEY EpTa

o3, e R e B GRSy i o
0.6, 0.7, OofdatibrOprodud, thidsoifate) isdn theangaofd.0fedi0lal/e. tthepethel 1n a
certain V\Derzn%ggi%r(n)e% Otﬁé %%Eé\ e§r12 8r007 ug ,%&g’uifate, 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,
25 polysulfides, are in the range of 3.0% - 6.0%(w/v). Inone embodiment the
oxidation products, polysulfides, are in the range of 1.0% -3.0%(wi/v). Inone
embodiment, the oxidation products, polysulfides, are in the range of 0% -

1.0%(w/v).



23 enbodinent, EDTA is in the range of 0% - 1% w v). In another
enbodi nent, EDTA is in the range of 0.0001% O0.1%wvVv). |In another

enbodi nen in the range of 0% - 1.0%wWvVv). In
enbodi mnhogﬁﬁ#@il n the range of 0% to 0.01%w v). 5%?%8?2307’080613

pharmaceutical conpositions of the préesent inventionmay further
conprise one or nore pH nodifying agents. pH nodifying agents,

i nclude, but are not limted to, inorganic salts, such as zinc
carbonate, magnesi um carbonate, cal cium carbonate, nagnesium

hydr oxi de, cal ci um hydrogen phosphate, cal cium acetate, cal cium
hydr oxi de, cal ci um | bcors embediment theraxidatios, prmm@adlmlqnﬁtglléafe@ent in

Fyclr ogen b FIRECS! TR OO o RRbRa e e BThA T o apar Siete,

nal eate, MHYREHEYENGY 683.0% NBOVERRIMLMINOoRI @mbodimedi e axitlation @eodumdu um
car bonat e, sodi um bi carbonate, potassium h?:/ r oxi ‘ﬁ@“asst id
phosphat e, diibinats. by Bdhe sangest 1+ 9%boG YeBYVe 1rAne, e“}‘? gl g idafion

hydr ogers 1 Bi0a iffhate iR ARGRURLR, . FhAWARCLALe, ZinC ma) cate,

zi nc ol eat Zl nc oxa Inations thereof. Oher pH
modi fyi ng agent S i nclmome, embgdlmwt,éhe oxidaiian produetr pelythisingte, impregent in

d t d d d,
fartari o adhgranan ooroa0aR . ek shpBaEth i EkBergT PEYLE car ni ne.
4-(2- hydr gahahidkble ;mhmli@.tan@@,ofgrm,geemm@ i@onenembmdirdentaiwox;datson
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a range of 18°C-27°C. In another embodiment, storage of the liquid
pharmaceutical composition is about twelve months, and the storage temperature
25 isin 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



dithiothreitol (DTT), which present at about, at |east about or at
nmost about O, 10 0.001, 0.01, 0.02, 0.083, 004 0. 05, 0.06, 0.07,
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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 mMMor M or any
range derivable therein. 15Li quid pharmaceutical conpositions of the
present invention may optionally conprise a free radical scavenger or
ant i oxi dantem@chmphhstomége‘ ofdbe tiquid @bbrrﬁmﬁog&:ommmhanhs ahouﬂ idlse
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gas refers 1o nitrogen {N2). The term “inert atmosphere” refers to a nitrogen or

argon atmosphere in a container. The liquid pharmaceutical composition may be



25 hydroxyani sol e (BHA), cetrinonium brom de, cetyl pyridinium
chl oride, chlorobutanol, chlorocresol, cresol, nethylparaben sodi um

phenol , pRegngmsgidlganol , phenylethyl al cohol, phenyl mr?é‘f/h&ﬂ%@ﬂb@l%e’
al,

phenyl mercuric nitrate, phenylnmercurig, acetate, thineros

nmet acresol , nyristyl ganma picolinium chloride, potassium benzoate,

pot assi um sorbate, sodi um benzoate, sodium WO

2008/ 043081PCT/ US20071080613 26 propi onate, sorbic acid,

t hi ogl ycerol, thinerosal, thynol, and nmethyl, ethyl, propyl or butyl
parabens and others known to those of ordinary skill in the art. Such
preser vat i \naskages indight-pietedtiye viplscoratagirjesrs de gc 6iMbes vielsory o8 t ypi cal
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DTPA5. I'n one enbodi nent, e conbination of excipients that reduce
pol ysul f i decdnuplexdsi, bowaver, thednetal ionl danthe repdityexchppoest nyigfal apreBisyes of

25In particul ac. enbodi ments. f i iU $iddr3ange
i ncl ude | es2SER ?mgaﬁaﬁre%Nglignwh%yt%ﬁg%aﬁéﬁwﬁerggﬁtﬁ% (‘iir& equal t%
10, 5, 2.7,cf2idmemts. THaldting sgedttydedting sokbée tmitah cdBipleSes ore dlsppafied
carbonyl sulfide, and less than 5, 2.5, or m carhqn disulfid
WD 2008/ 04388LPEPInG 2087 IS0 doeeiatdia asent wPipaly PEne 88%38?3%&'8%@??%%
since ! hesandRlsidia biba ot scihy 1o eaRbEA sagh 6oad, Al dii-cerD and
processi hg ards and have achieved "Generally Recogni zed as Safe" (or
"GRAS") st afurtheninble, thesa grsupsetsdloaaiad Bpag taahewriag fermasian wéih e gtptal.
appl i catl ONBxamples of naturally-occurring chelators include carbohydrates, including
polysaccharides, organic acids with mare than one coordination group, lipids,
steroids, amino acids and refated compounds, peptides, phosphates, nucleotides,
25 tetrapyrrols, ferrioxamines, ionophores, such as gramicidin, monensin,
valinomyein, and phenolics. Examples of synthetic chelators include, but are not
limited to, Diethylenetriaminepentaacetic acid (DTPA),
Diethylenetriaminepentaacetic acid pentasodium sait (DTPAS), CaDTPAH,

dimercaprol (BAL), deferoxamine, desferal, 2,2'-Bipyridyl



5The present invention further includes kits conmprising liquid
pharmaceutical conpositions of the present invention. In certain
enbodi mentge eds%lsdsl t S conprise one or nore containers g&@gﬂﬁﬁogﬂ&g
l'iquid pharnaceutical conpositions of,fhe present invention. In one
enbodi ment, the conposition is stored In the container under an inert
or noble gas and the container is a sealed 10 and has and i nperneabl e
| i ght-protective container (e.g., an anber vial). B.Mthods of
Preparing Liquid Pharmaceutical Conpositions According to

various enbodi nents of the nethods of the present invention,
bi ol ogi cal deeéﬁaamopmamiEthyteé@dmlhotatraa@yp@c&nEthvm@athmethyiene-
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conpris U ioBak) am%@hb&iuﬁn@hf DAPAZ i8 irftheliah e bf (0%
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chal cogeni die G@t%H@l gt i on prepared as described with the addition of
a single 5 excipient .or a_c i i i
mcﬁrg%}rg%ﬁgﬁlgzsgkpﬁgﬁ Eﬁﬁﬁf&ﬁ' % CaDTPA. In certain

Those skilled in the“élppe e anount of gas t
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chem ca s inTts conposition, its ionic stréen , as well as the
concentration of the Igaseambadireerixtherayntifetic 6 f—‘laﬁl{l‘%‘é}efﬂ%a@ﬁ? ilft o
the solution rate of, and dura

The concent ?ﬂ%ﬁ’%ﬁ"@fjd{'ﬁ%mﬁﬁg?%a%?ﬂﬁ i:'OBBf géfﬁfd rﬁﬁjf)ér/fg(%%ro g%ra '[ {éﬁgféeﬁt}?&
the liquid @fatsfﬁbéttdb@ﬂtf)om 00RO, €02, CROBYIOND4; 1ONGE, 000, 607, b8, 0.09, 0.1,
determ ned usi n% met hods known to those skilled in the

stabi 111y ob2 A, 95 Gaidodeni b 0. Llrabsy %r%@avgwwetcﬁ%waal@qﬁ%fﬁ%é“
det erm B¥e %%%H{fﬁé}ﬁi th%%e%%ﬂi;q&% lrptﬂeg%ﬁféof\@f i hohanval s of

time fol OWI ng preparation or nanufacture I'i qui d chal cogeni de
conposi tion, V\,her e a ldeneeaswodiment)thectymthatic chelator iDEDTRe!n certain

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



20 t hereof. Alternatively, the stability of the liquid
chal cogeni de pharmaceutical conposition can be determ ned by
measur i ng Bsyfhange, over time, under controlled storag@P@gﬂg%%hgﬁs
(e.g., tenperature, humdity, light exposure), of chem cal entities
that are produced by chem cal transformation (e.g., oxidation) of 25
t he nost abundant chal cogeni de conpound (or salt or precursor

t hereof). In sone enbodi nents, a |iquid chal cogenide
conposition is produced by dissolving a salt form of the chal cogeni de
into sterile water or saline (0.9% sodiumchloride) to yield a

phar maceut i efalbodimaot i Taoisdn e @nge & D% ot Seivw/e). irvangteergembodiment, EDTA

i ntravenous, .Jatra- I o, SHOGUL aReaus, LNt r r .

2006, 04306 1 EEBRGE PEADE e MRS M Rnelay e%?ﬁ‘g‘%@r ?PB%E%\“, e nd

i nt rader malrangesng% f ROW(WIN s @nbadtivedt, BOTA islin ¢hé rdnge of 0% to
pharmaceutical conpositions are formulated for oral, nasal

(i nhal ati orP-8t%a¥bsol ), buccal, or topical adm nistration dosage
fornms. The parenteral i kflui @%’ %Fﬁ’dh : tain
pH to enhance the 5 is'lcﬂultij ﬁ#?@e(éﬁ t é&@% coggﬁitﬁ%ﬁ%gﬁp@g%@ngpﬁ‘?g

i nfl uence tfhghérauinyaiseamestraneregit medifdhabgetenpbanedifyingagents, inauds,
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but not | i radrieshdte, cakaginwarbahale; imuagnebiahi bydroXité, foalolm dirdpgassi um

I n one enbodi nent, sodium sul fide or sodi um se*qeni Fle is dissolved .in
steril e pho¥psatatel ealgurt aceiatesealsive WAEPdfe cplay lagkyle Galgiurp ajeate,
range ofn7. 234 ' i j £ b&hte0f known
Conoent 19 ool baRGR AR, Bichih nGnAIE raghosinihidt n
vari ous enbodgmasiirs hyttogehiphosiehatéahaguasiind ehesphads intagnesiue lectater ed

inaliquid or solutign . in which th xyge r iQr to
contacti ng rpﬁ%nqqu{minﬁg@tesgpgp?%wn\ﬂ?gaﬁe. rﬁ%&&%ﬁﬁ%gg%%ﬁedgg%@ﬁ%gﬁ@ ~'1n
one 15 enbodiciRAcarbRbi0dadiom eapanatagpdtassiind hybrxide: potassiam
conpositions of the present invention further conprise linti

|
oxygen cont Rﬂﬂsp|'|ﬁteeﬁ‘?f;_‘iwastﬂ%ﬁi?o@ﬁfen@iﬁ)@fyﬁﬁ%ﬁ’?'%gz"?a‘h elgigy Qlﬁg}‘%clffgaﬁ%
phar macegt Hﬁ?dépg%@pgiﬁlibrﬁﬁpq%@ ANEIaEER0 %t RAhleaR) ¥iA8 Bidate, TRRSHaRe, N

t he range e pharnmaceutical conposition. In one
enbodi nent , arakgayebinatonssthsmwoé dOther phimadiftingagends Inglugie| sygi, woetiacid,
pharmaceutical conposition., ln.one enbod] .40 . 1 S A n
P o b 2. iSRRI ey HHYPEA RiTEAAMIEAYd
one enbodi MgRbric AXKMISATbA ditktRYEBohie dchs N-melgl-DEgiGcamifl, 4-2-pAt] in
t he pharmaceutical conposition. Certain chal.cogﬁm d(g c(gngﬂunds .((ielr%]. ,
hydr ogen suhydraeyetthyamegieling Wemethamane. Qiolic g, a9 BYROPHOLR GG,

pr esencg,of due . t hhgiapid i Hahhyv8lsdecal |y with
oxygen, %Pea?f?ér(lérgﬁgdlp’?éﬁt'rtﬂgb?ﬁgt&?‘wda%%%é#gﬁ cal %’r ansformation.
Accordi ngly, oxygen ity understrmbimdorie giillddi igdheiart $rat aqhlmodiyng pavt
nmet hods known in the a

of negati veMgY ESEHHF E?QE%!EI%C%@S‘Z%HB)‘ X Sg‘t%)%deio: %q%ff%dg%dso ﬁi{t?é(;s?# | 8?
contacti ng {heicPhiHidHintRh rhbdifiéslad inaintains at a new pH (see: The United States
Pharmacopeia—~National Formulary 29" Edition, {2006) Rockville, MD; Stahl, P.
25 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.,



WO 2008/043081PCT1U820071080613 30 a reagent which causes oxygen to
be bound or "chel ated", effectively renmoving it fromsolution. In one
enbodi mentat |d chal cogeni de conposition is stor
|nperneabfgnggﬁ%g?%gr This is particy arly desirable mﬁeThﬁtﬁ%gyygen
has 5 previously been renpbved fromthe solution to limt or prevent
oxi dation of the chal cogenide or salt or precursor thereof.
Additionally, storage in an inperneable container will inhibit the
oxi dation products of the chal cogenide gas fromthe liquid or
solution, allow ng a constant concentration of the dissolved
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light-resistant or a ht - protective container or vial, such as an
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sol uti ons a®.6, 8&n8iBt D\de 1lomiykgrddnor Frorraaga dptivablethgreiss 8 gattainner
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oxygen scavenger. For exahple, the oxygen scavenging conposition can

be applied eogicanatpeeiprseoa freemamgal@p@yquaéor gyiioxidant. Examples of free
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supporting unc oh as a barriér to oxy

perneation (gegin CF Sapha.iddbpherol acetate, DL—aIphal-tm:rmehem)().ctamE) t he
present invention includes a nethod

conposi t | onm@&ﬂﬁwm S peydites spgiug %‘Hfétg gget@m%t’ﬁ@nqﬁ& k “qui d
sol uti 0B | By 880edieRhetnl thréiiah o0eBbdfo sald), Trisaoatsuxystli i de.

| n anot her e rrbht al cogenide and “salt include, but are not

limted to bﬁ(&phmzwdrmlde@HDERH@elmz@, . ditzignite, RyEospifte, cxigines,

Sﬁgspkl\llgt N gggxan ‘E%Lﬂﬁﬁesgq"?{ggw SPE&éfée{hﬁoethné GHSAL e BB &hic4cid,

acetylsalicylic acid, salicylic acid, lecithin, ascorbyl palmitate, butylated

hydroxyanidole, ascorbic acid, butylated hydroxyanisole, butylated

25  hydroxyquinone, butylhydroxyanisol, hydroxycomarin, butylated hydroxytoluene,
cephalm, ethyl gallate, propyl gallate, octyl gallate, lauryl gallate,
propylhydroxybenzoate, trihydroxybutylrophenone, dimethylphenol, , lecithin,
ethanolamine, meglumine and combinations thereof (see US 2005/0106214).



enbodi ment, the liquid is potassi um hydroxi de solution or a sodi um
hydr oxi de 10 sol ution. I n anot her enbodi nent, the present
|nvent|on‘wagbﬁq§§$§ nmet hod of preparing a pharnaceutlcngR@%BQ&hghon
conprising infusing a gaseous form of ,@ chal cogenide, e.g é
(hydrogen sulfide), into a liquid. In one enbodinent, the liquidis
pot assi um hydr oxi de sol ution or a sodi um hydroxi de solution. 151 n
various enbodi nents, nethods of preparing |liquid pharnaceuti cal
conpositions conprising a chal cogenide of the present invention
further include the step of adjusting the pH of the conposition. In
certain enbodi rrent s, In pee pmbodimatitdbe adtioyidant eghdadiun sulfites ieindhe

ror e, Y aBHER 9 S5tfa, o BRY bR L5 5 PR AR B
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chal cogenl conposition is manufactured I n a sealed container that
cont ai ns a Ritiss df., efoa/h3PA9) hs‘éovlr q&@&SBh&Z-é&)g%rﬂ%I%S chdPdsition with
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(H2S) is dlgm/k&dmﬂ”ﬁg{@sol ution while stirring until the pH of the
sol uti O%PIGS in the r %Bn:zie@_?ﬁgﬂféoﬁs of th é‘s&ﬁh%hﬁ&f‘hay%ﬂonaily

e
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conpri sed Ofitaid, bhERyIMefrdSicetate, thimerosal, metacresol, myristylgamma picolinium

chloride, potassium benzoate, potassium sorbate, sodium benzoate, sodium




25 C. Met hods of Using Liquid Pharmaceutical Conposition The liquid
phar maceuti cal conpositions of the present invention may be used to
treat or pwg&&g%,ﬁmyariety of diseases and disorders, ipgkidifi9eREN
di sease or isoréer that has been tregf ed using a gaseous formof a
chal cogeni de WD 2008/ 043081PCT/ US2007/ 080613 33 (see; WD

2005/ 041655) or a liquid chal cogeni de conposition. For exanple,
treatment with sodium sul fide has been used in an animal nodel as a
potential treatment for myocardial infarction, sepsis (see: Hui, et
at J Infect (2003):47:155), vascular abnornalities in cirrhosis (see:
Fi orucci S,prepiogaie, S@fbéﬂ%ﬂld)Q?‘QQWWGBWB‘GWS3‘%m01a§”%m9thyl, ethyl, propyl
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may be used to Induce stasis or pre-stasis in a variety of bialogical
matt er and O&EY(ahgo libe cedait embadinent, e preesrsative inmathylpasahan e r om

i schem a or__hypoxi " e ¢ :
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that the nethods of the present inyvention racti ced on part
of an organp@ﬁ?'("é'ﬁ\teh‘sago?ﬂp@@qeﬁ,'” m? rla.f‘%ﬁg,g%éﬁg?%‘!(wﬁh‘ gﬂ@ cgﬂaﬁﬂore
organs) 5"‘*‘&%88&%&?@%%’%&%%{:@% Wit} ilpaRatidie irthe 28hgeToR0%IB4T.0aRY. el a
fromthe organism or oh the whole organism Moreover, it is o
cont enpl at ecertain embodionengxthe presesvative imberms!ikoniisn sBlofifa in the fBeesffYe -
and heterog&;&g%ﬁwr el |l popul ations nmay be the subject of enbodi nents

of the inve he term"in vivo biological matter"” refers to
bi ol ogi cal matter thah ohe elibodirvent, & cembination bf edigients sedunes polysuifide

an organi sm Moreover, the term "bi ol ogj.cal ter” wll .be

under st ood EsmafieniRNeemPedimenk tlf%gquhlgpéqrggﬁt%,pﬁﬂ\g? gﬁt Lgduce
certai ngnbodi b I inGhe df\0% - 0.1%(wiv) and
2008/ 043@81&%%@%%@%‘2&%@& mrogt@gls?ﬂf,ét;?i ssﬁgge or or gans(m_lis)
separat e fr BDT&nindhe earigeraf OVhe0.0804twh) s i eneembedimass the sampgiation of

of ‘the. pr esBHEPERGANES BHHTRLpO FRITe el S Rk SuRGrdd DFPRS) TP
bi ol ogi cal BRibbBIment, the combination of excipients that reduce polysulfide formation are
sodium sulfite, DTPAS and benzyt alcohol.
25 In particular embodiments, formulations of the present invention
include less than or equal to 0.01 mg/ml iron, !ess 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.



5A cell treated according to the nethods of the present invention may

be eukaryotic or prokaryotic. In certain enbodinents, the cell is
eukaryoti Cwolygd’gﬁMQﬁitl cularly, in sone enbodi nents, thepéfﬁugzdﬁmﬁ 13
manmal i an cell. Mammalian cells incluge, but are not limted to those

froma human, nnnkey, nouse, rat, rabbit, hanster, goat, pig, dog,
cat, ferret, cow, sheep, or horse. Mor eover, cells of the 10

i nvention may be diploid, but, in sone cases, the cells are haploid
(sex cells). Additionally, cells may be pol ypl oi d, aneupl oid, or
anucl eate. The cell can be froma particular tissue or organ, such as
heart, | ung, ki dney, Clertaeroftlb@aeovmaremfepaﬂernea§h9®kmaterialsrmrewu@ly\

b nat " cor AESRRis i AV AR ERSRind A48 Soly Reye Hpgred Sy,
and 15 urrblRecb@huzedraé Sdfa’ (eerCBRAa")esmodwmnheus%o@e{dd Drlg be

characteri as . one the followi ng cell types: platelet,
myel ocyt e, %‘? NREEQR rsl“?'?'rﬁﬂ?)l?ﬁ'@”s adi pocyte, fibroblast, epithelial

cel I, englot he' I al Ce*rhe gt IAvEMSSH fEirthisd |hciu§é‘§k1f%t<%r%%@é§fde|§q ! |

endocrine cell, glial neuron, secretor , i unction
cel |, cont reerinBeedishl qorem@dmslomecmsentnmmgn treteriain embodinssts,
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meani ngs. gﬁtégh tissue is conposed of cells, it wll gﬁe understood
that the teHi@PSiR Qﬁ@“‘@’@?@#@%é“ﬁ?ﬁ%@@%@@ #1d feRanigingldp psealed
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cell. For pHfrRR&RSalR wﬁﬂ@hd@b&i&ﬂiﬁhnﬂrép@lﬂ@ﬂ@ﬂy, ihlygseiarlyc sutshiutarsossly,
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Alternatlve resent thé percent of

at nosphgoe 1atusibnabymbsdnehm diyqﬂsemiinneb)( ibonesion0 bk Rgplizedaprsfusion, via a
t he absence n_oxygen concentration of zero percent

defi nes ano“?ﬁ Ebﬁgvﬁ% 80%hus, hypoxic conditions include anoxic

condi tions, althoughp chrﬁgSUﬁlcﬂm@hﬁﬂQfaSmohmw dbsﬁeﬂd:bhcemﬁmtloh ohat
| ess than 0 5% are inplenented. As used herein, "nornpxic conditio

consti t ut e ehalepsenisier satt oapresHEsas thespeldissopedgoadiauid YireFomaasion or
standard te gfnt%ﬁlﬂ agmifiefatdnSs %Hﬁl%ﬂ(pﬁ'fga "%é%r&xﬁ?ﬁ?% éﬁy Riute of

conprlses 2 ssol ved oxyge n certain enb
“fornul asi Oait:imry\pmahaﬂ oba substandecoihehibahiviguing didestive tract |log|eneral a liquid

hal d t f ted t d
Che vater afacaBore R pasionmey b hauetn b7 f edieg HEShodlg @1
reduced bel gusal@fg or inilisisd)tocHBédYRARIe gas (e.g., H2S) into the composition to cause

the gas molecules to dissolve in a liquid comprised of an appropriate pH modifying




20 described herein and known to one skilled in the art.

I n anot her enbodi nent, fornulation hypoxia include conditions in
whi ch oxy ration is at or |ess than nornal
condrtrong%tzﬁéa%?’g@giless that 20.8, 2, 19, 18, 17, 16, o, PREBSHSayega
12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0.5, 0% or alternatively,
these nunbers coul d represent t he percent of 25 atnosphere at 1

at nosphere of pressure (101.3 kPa). Standard net hods of achi eving
hypoxi a or anoxia are well established and include using
environnental chanbers that rely on chem cal catalysts to renove
oxygen fr orfg€eRk bhemembomt.dgeﬁwﬁegm@e asais| apifieriog ragentand sy
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det erm r@d,exggqergéaggbﬁ,bm,gganfa(ﬁbﬂ'tg Oxygen Anal yzer 5 (Bachar ach,

Prttsburgh PA) . In one enbodi nent, the term"effective

amount " ref ers t o t héhegrskitedtindhe e@wuih@nnemee thatthesamapniofgesithat. | n
one enbodr vegq 5heeféqn‘?rl?ﬁds\@%n {)end t?n an %Wixr?aqlea%]ir eg@‘#@ ?‘hhat

when adm n ere in nee nedr ca

a controll lerlbt Eﬂm&e@t? tioss scBb}gth of%tmé gas indhe Irqur?br pgtuﬂalzmelse ehdrflical
statistica y Si1gni |ca enefit. on_a r ede | Ne Cllnica Ol
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that i nduces staslis or pre-stasis in bi ological matter.
be under st afdhe gas anvhthe dxtend of nontecting te gas pite tha sgluiion ¢.a, @e Pf@‘sﬂje

ff
revstasi s JUGSESAE BB kP Enc BRlec G B AE Rk Bofnide orsaltor
?rmunt of | q:fréd:t]!th@’;]thé?%@plnlrtaé :t;qaid@fr sblutiots rcsmeemeraga@amsstmtron cdinbgl v,
t
(col ect T velajerminad velse Biacs Kodo droseregdr 112 % 458 rlablisotipe
| east a}PQUtchh% c g@nﬂe&tggl(t)épﬁecérfsbﬁfhe?é%ﬁ%wb% defertinad by ﬁ'h‘b'a@urrrflgl"'ﬁau

of liquid c eni conposition of the present invention
wll be undmnserutmilmr&ﬂer vawingdnienals of tiragrfaliewingspranaefipe et mumpf
{0 tunauce 3h& ol dalcBalfe bhoskithl iete aHRCRIETH IneCedHiBH b tho

i nduce sta 'gant Sm1s one t IS eva uat ed

Wit h respecdhalddgehireepshieet pieeursior Hrgssfgatmpareal/el thefstatrmmcctnoeutratron is
paranmeter of stasis or pre-stasis. It wll erst

Rhen T nduc i mgjostvexstdomss gy ehemiesl conversion otPe GakpasIOR AT st BstrPpissor
anount Qé aner dopat induces stasis or pre-stasis generally of the
whol e organi sm unless a particular part of the organi smwas
targeted. In additi onteinativaly,the etabilityof thadguidcheicogenite eharrnseutionly

be an amount_ sufficient to.induc r ) y be

an amount sEFRRASIHOR NPy cﬁ%ﬁ%@”?fﬁ%@ Sﬁ“&{/@% a8 bver tftfe, UhadP®

2008/ 04308 18¥pfrolis SR A L8EERI0AE (e.4., temperature, humidity, light exposure), of
chemical entities that are produced by chemical transformation (e.g., oxidation) of

25 the most abundant chalcogenide compound (or salt or precursor thereof).
fn some embodiments, a liguid chalcogenide composition is

produced by dissolving a salt form of the chalcogenide into sterile water or saline
(0.9% sodium chioride) to yield a pharmaceutically acceptable parenteral

formulation (e.g., intravenous, intra-arterial, subcutaneous, intramuscular,



pre-stasis in conbination with another agent or stinuli, e.g.,
anot her conpound, an injury, or a disease state. In

certai n enpgdhigripg; the nethods and conpositions of thg-pLeseNbsesis
i nvention induce stasis or pre-stasis,d n the biological nmateri al

being 5 treated. As used herein, "stasis" refers to a hyponetabolic
state wherein biological material is alive but is characterized by
one or nore of the followng: at least a 50% (i.e., two-fold)
reduction in the rate or anount of carbon di oxi de production by the
bi ol ogical matter; at |east a 50% reduction in the rate or anount of
oxygen consDipéisigmabyiniraperinngad @nddntragarmal) dogage farm; daapotien 0o,
decrease i Of: L, b | l.gsue
that move, BLogEn igtid EReffRadeui coifehiEhs 31y forklafal ool el

i s induced (imhaldtienantierasol)r losctak oy tdpicl baministedtipnrdetege Edms ol s

"cellular respirati.on indicators"). I.n. certai

enbod mant STENERL ARG SRERGE AP be bHfferRglia pes IR KRGS thout
at |eastg aéohhtﬁl?(gbf ﬁfFéQ‘;Halcogéniﬁé cBRpbuAd Bt iRfldencedhe ichizatibn stde of the,
8-, 9-, 10-, 15 15-, 20-, 25-, 30-, 35-, 40-, 45-, 50-, -, 70-
80-, 90-, 1@wcogesisie copprpund dgdhe cawof hydsegen sifisle orfygrogesmslenidsyo- |
700-, 800-, . 0%an Q@r'ofsaﬂ(ac?rhsI%Q)%’totﬁ&%oﬂti!leéqg%ear?%%% gf Ol d or
nore reduction i n e rate of oxygen consunption by the biological
matter, or iacydingniod mbelimitedvice sbtieneicalciuth thewioat, fithing, origotassium. In one

L
bi ol ogi ¢gl hRtrEd s@herfithe phlisla8RBted Bla 1aPgs lof ABOLE.5 with HytiraBhRdric acid
about 50, 51, 52, 53, 54, 5€1 56, 57, 58, 58, 60, 61, 62, 63, 64, 65,
66, 67, 68, togdeld agolution of Bnows correntration wichcan besadmigistesed tea sulect.
83, 84, 85, 86, In various embodiments, the liquid chalcogenide composition is
prepared in a liquid or solution in which the oxygen has been reduced prior to
contacting the liquid or solution with the chalcogenide compound. in one
15 embodiment, methods of preparing liquid pharmaceutical compositions of the
present invention further comprise limiting oxygen content in each aspect of
manufacturing and storage of the pharmaceutical composition. [n one
embodiment, oxygen is measured in the range of 0 uM — 5 uM in the
pharmaceutical composition. In one embodiment, oxygen is measured in the
20 range of 0 uM — 3 uM in the pharmaceutical composition. [n one embodiment,
oxygen is measured in the range of 0.001 uM ~ 0.1 pM in the pharmaceutical
composition. In one embodiment, oxygen is measured in the range of
0.1 puM -1 pM in the pharmaceutical composition.
Certain chalcogenide compounds (e.g., hydrogen sulfide, hydrogen
25 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 liguid with



87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%or nore, or any
range derivable therein. 25Any assay to nmeasure oxygen consunption

may be emieweko.aRf @ typical assay will involve utiligipgsiosbpsgd

environnment and neasuring the differegce between the oxygen put into
t he environment and oxygen that is left in the environnent after a
period of tinme. It is further contenpl ated that carbon di oxide
production can be neasured to determ ne the anmount of oxygen WO
2008/ 043081PCT/ US2007/ 080613 38

a reagent which causes oxygen to be bound or “chelated”, effectively removing it
from solution.
In one embodiment, the liquid chalcogenide composition is stored in
an impermeable container. This is particularly desirable when the oxygen has
5 previously been removed from the solution to limit or prevent oxidation of the

chalcogenide or salt or precursor thereof. Additionally, storage in an impermeable
container will inhibit the oxidation products of the chalcogenide gas from the liquid
or solution, allowing a constant concentration of the dissolved chalcogenide to be
maintained. Impermeable containers are known to those skilled in the art and

10 include, but are not limited to, "i.v. bags" comprising a gas impermeable
construction material, or a sealed glass vial. To prevent exposure to air in the gas-
tight storage container, an inert or noble gas, such as nitrogen or argen, may be
introduced into the container prior o closure.

In other related embodiments, liquid pharmaceutical compositions

16 are stored in a light-resistant or a light-protective container or vial, such as an
amber vial. The composition is preferably packaged in a glass vial. It is preferably
filled to a slight over-pressure in an inert atmosphere, e.g., nitrogen, fo
prevent/slow oxidative breakdown of the composition, and is contained in a form
such that ingress of light is prevented, thereby preventing photochemical

20 degradation of the composition. This may be most effectively achieved using an
amber vial. Container systems that permit a solution to 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

25 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) Inone
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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hydrogen sulfide into the composition. In certain embodiments, the pH of the
solution is adjusted by dissclving hydrogen suifide into sodium hydroxide, or
25 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
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In certain enbodi nents, nethods of the present invention include
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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
25 tissues that homogenous and heterogeneous celi populations may be the subject
of embodiments of the invention. The term “in vivo biological matter” refers to
biclogical matter that is in vivo, i.e., still within or attached to an organism.
Moreover, the term “biotogical matter” will be understood as synonymous with the

term “biological material.” In certain embodiments, it is contemplated that one or



5 manner. For this indication, the first hour after injury, referred
to as the "golden hour,"” is crucial to a successful outcone.
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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
25 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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220 230, 240, 250, 260, 27 280, 290, 300, 310, 320, 330,
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leading to celiular, organ or organismal hypoxia. These conditions depend on ceil
type, and on the specific architecture or position of a cell within a tissue or organ,
as well as the metabolic status of the cell. For purposes of the present invention,
hypoxic conditions include conditions in 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%. Alternatively, these numbers
could represent the percent of atmosphere at 1 atmosphere of pressure (101.3
kPa). "Anoxia” is the absence of oxygen. An oxygen concentration of zero
percent defines anoxic conditions. Thus, hypoxic conditions include anoxic
conditions, although in some embodiments, hypoxic conditions of not less than
0.5% are implemented. As used herein, "normoxic conditions” constitute oxygen
concentrations of around 20.8% or higher.

At standard temperatures and pressure (STP), water exposed to air
comprises 280 uM dissolved oxygen. In certain embodiments, “formulation
hypoxia” occurs when the liquid pharmaceutical chalcogenide composition is
formulated in water and oxygen levels in the water are reduced to hypoxic
conditions, i.e., oxygen in water is reduced below 280 uM using methods
described herein and known to one skilled in the art.

In another embodiment, formulation hypoxia include conditions in
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
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



220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350,
360, 370, 380, 390, 400, 410,
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GASPAK Disposable Hydrogen + Carbon Dioxide Envelopes or BIO-BAG

Environmental Chambers. Aiternatively, oxygen may be depleted by exchanging

the air in a chamber with a non-oxygen gas, such as nitrogen. Oxygen

concentration may be determined, for example using a FYRITE Oxygen Analyzer
5 (Bacharach, Piitsburgh PA).

In one embodiment, the term “effective amount” refers to the amount
that can achieve a measurable result. In one embodiment, an “effective amount”
is, for example, an amount that when administered to a human subject in need of
medical treatment in a controlled Phase 2 or Phase 3 clinical trial produces a

10 statistically significant benefit on a predefined clinical endpoint (e.g., mortality).
An effective amount enhances the survivability of biological matter in response to a
disease or injury, or an amount that induces stasis or pre-stasis in the biological
matter.

it will be understood that when inducing stasis or pre-stasis in a

15 tissue or organ, an effective amount is one that induces stasis or pre-stasis in the
tissue or organ as determined by the collective amount of cellular respiration of the
tissue or organ. Accordingly, for example, if the level of oxygen consumption by a
heart {collectively with respect to cells of the heart) is decreased at least about 2-
fold (i.e., 50%) after exposure to a particular amount of liquid chalcogenide

20 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

25 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



WO 2008/ 043081PCT/ US2007/ 080613 44 420, 430, 440, 441, 450, 460, 470,
480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610,
620, 630, W4Qoshefs 660, 670, 680, 690, 700, 710, 720, ;éguszz,ﬂ.pesgglgo
760, 770, 780, 790, 800, 810, 820, 83§, 840, 850, 860, 870, 880, 89
900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000 mMM or M or
any 5 range derivabl e therein. I n various enbodi nents of
the present invention, biological material is exposed to liquid
pharmaceutical conpositions of the current invention for about, at

| east, at |east about, or at nost about 30 seconds, It 2, 3, 4, 5,

10, 15, 20 prestasBin caGbingdion path 2BO1ES agenaredipull, e.2,, eBother cempeynd; an
8, 9, 10, 11u 12# %Séa145t}5 16, 10 17, 18, 19, 20, 21, 22, 23, 24
hours, 1, ZJUuf,0y3diseags ?%ays or nore, and any range or conbi nati on
ther ei n. lnwdhhﬁémwaﬁmentsemeaﬁéimusbnatcbmmomohsnbﬁauenous,
it is contenplated that the fol|low ng paraneters nmn PP%eed A
flow rate Sresmbinventign inducy sigpiser Pr%ﬁtaﬁ'ls g b'ﬁlﬁ’&l‘f?‘ Tateza ng s,

g 5 7, A 48 5’tre% d. %’% u%%t h%gm 3 asn%ﬁefeﬁgio %éyp&gﬁetaéghc s%gbe v%{%r&% bl&g%cal

40, 41 42 matBrialdd alivisoutdschatcterdaed BOoneor msle ofthe folpwing at kst 550%

74 75, 76 9ytwerigle)ygrucin ipfie g5 oot of mofatonls pructgy by

91, 92, 93,pidldgiclmatls; ataaast%aso%%dubﬂsngitths/rmemrcammgﬁbﬁbmgen or any
range derivable therein. In some enbodi ments, the a

sol Ut on i $oRelrsplan by & iglogieRElTARAALIERY D brBCaRve dhTIHETEH! O
he | ¢
AT, ab Oﬁﬂﬁy‘:@%ﬂ% gmé'&&ﬁ&e tﬁ%g%@é Nuch asté_?@ﬁn@)!s Bea ﬂb@ﬁ'br

at | eas out

12, 13, 14,alkbb, ﬁ@vheh?staﬂﬁgs ifGyceRidn tizd entire orga}usran(colzephvgl@; refgr;red g@,as
29, 30, 31, 3@“ 34 %6 37. 38, 39 40, 41 42 43, 44. 45
46, 47 48 C9 a’&f@‘?”“@i‘?"ﬁ?‘c ¥s)54 55 56 57. 58 59 60 ninutes,

1, 2, 3, 4, 5, 6, 7, iBeerkin éﬁnbé@imehis oﬂtﬁe Hikl%n‘lid!’ﬂ it i3 Bontefpldtdd thmmele
20 21 22, 23, 24 hOUI‘S 1,

2,
weeks, and/l@ﬁbQUt at least, af least E@OU"Z OFS{ mgst al‘??““flz %24m§m251 % §r’ a’nlp

;ingizd 1%1;,4 lggr%ng?V%ugﬁslgj %% ?giéo-/éo 1006, 14{5?3, @0-92501%0

26, 27
28, 29, 30 3681, 4082, 4508, 504, 6B, 70;13 8007, 9063, 1000-, 2@130- 3490-, %4000 5000~

2008/ 043081PCT/ 007/ 080613 4 4 ,

50, 51, 52,03900840i0 56 Magg redption i nggateiy oxifen dohsufipiof by e

67, 68, 69, blglgglcallmaﬁc%a orf §ny rethge Herivalfle thefein/ Rlteritativel, it &Jqon&npiated
84, 85, 86, 91, 92, 93, 94, 95, 96, 97, .98, .9

110, 120, 1taet ermh@d!mgats ofil@e)mthmn M@y be fitpusseshin 1o7pS b‘z@tﬁdufg?ﬁ 38%
S50, 5080 78 offuef Hnsufiionyihe pisjodiont Fiter A G006 cBS0 REX
510, 520, mutﬂr&tnﬁaab&ﬁm 57062, 58054,53 56660, 58 58, 6627, 6%3@33 6640
750" 800, 54 65350, 6598, 8.0, 78503 Teds 107 Hho7 H005 G0 3016 2% 55,
?ﬁg}e?ﬁo mg?? 839§9 0P 9, 02885, 59995, 9H)0F, B8, 09% of o, o any rame dexivgble

therein.

25 Any assay to measure cxygen 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



10 adm nistered overall or in a single session. Al of the above U. S.
patents, U S. patent application publications, U S. patent

appl i cati opg.qofsRlifispn patents, foreign patent applicati @pguaRf70s0613
non- patent publications referred to igthis specification and/or

listed in the Application Data Sheet, are incorporated herein by
reference, in their entirety. 15 WD 2008/ 043081PCT/ US2007/ 080613 46
EXAMPLE 1 METHOD AND MANUFACTURE OF LI QUI D PHARVACEUTI CAL

COMPCSI TIONS | -1V 5Four |iquid pharmaceutical chal cogeni de

conposi tions_were.pre d.as descri bed bel ow. . Stock
sol uti ons \ﬁgpﬁu‘ﬁpté%h?ggfo@f%”@g%& GuRalEt? WaY B desirasqaineraripr dioxide
deoxygenat gflodttibAWNLR Wodid cotBbny BFideanthsak ﬁﬁ@i%ieﬁ%o}é%%rﬂﬁﬁon.

conpressed nitrogen é99. 9999 for 30 m nutes. A saturate
sol ution of 2.5 M Na2Suged he@inrpigagtesistriefars iaa Byoemetabolcstatesthrough

Fi sh #54 ; ; | ] - , ofl still. .
el oni zed e bORpickPh B! ABSrsilondb FRER o658, BRLRoxRdS Shapesrs
f ][ om i gﬁh: .by:[la 220 ctidvl istrp@thbslwguxiltniz tgé gl)diagicgagwawmaf s?a?ﬁgddﬁé that BN
ol concentrategd acl I sher - a eoxygenat e
di ssol vi ng '%ﬁsttﬂaeﬁ??gﬂégg‘%éﬁawa%g ordesty aeieve Har nas g gective
conposi ti O%n%Uﬁd,RhSW%cél'Pné}técrlﬁ%@eéﬁ%ﬂ@ rhistaraPitioR tﬂ%a Ralfpadd | | ed

W th nitrog&n gas to yield an oxygen-free environnent. e reactor
wi th pH nethepometaboliestaithia which pergengoasumptivreand 6¢2 prekuctior pen

(et er - TSR oy o sU% B FRBldquie phies, SUBHRE Thhohuwiery
prepariT® whetaboligim or glaramesspirationls réducainipasddgron essftharnB0%! Bsent

i nvention inclyde |limting oxygen gontent in each aspect of
manuf act ur 9§§°% %“‘t%?’é’ﬁ%gﬁw%%@sﬁhar maceut i cal conposition where

oxygen is neasured i dd@idneMOfrRls Qn‘FboMmerl}":{ié,- ;:Jrel(\jéltésrib isN®aracterized by a

phar maceutical conposition. qui d pharnaceuti cal
conposi t i onedueipr ipoed ar were mdicatans ebmetatiolic Betivitydhat (3/i@ss iah erasuipl to

T each QRETRcd! it Bosl aundoglias i 183, LU Ui

cent r al 18r ith heenaslpthySiologhtal cartiitonadap biter eambollinidrasl preistasis ipH probe

and seal ed cli?l%re{[c?eerizga rbiy rl‘]t%'abifitvg\ﬂo2gn%%/ngg %9%%?1%& lé%tzre ?n7t</) g?a%?sllg response to
another stimuli, or ifs ability to enhance survival of or protect biological matter from
damage resulting from an injury, the onset or progression of the disease, or
bleeding, particularly bleeding. that can lead to irreversible tissue damage,

20 hemorrhagic shock, or lethality. While methods of the present invention explicitly
exemplified herein 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

25 pre-stasis, by providing them to biological matter at a lower dosage and/or for a
shorter time than used to induce stasis. |

[n general, according to methods of the present invention, stasis or

pre-stasis is temporary and/or reversible, meaning that the biological matter no



47 b) Universal adapter with a hose connector and a plastic cap with
a central orifice and O-ring. This adapter was fitted with a gas

di spersi onwbuwassasdsh a gl ass fit. The dispersion tube wasgrGRAe640E5
to a conpressed gas cylinder and usedzs o 5deoxygenate the sol ution by
di ssolving Wi th conpressed nitrogen and to neutralize the pHw th a
m xture of H2S and nitrogen. The hose connector was fitted with a

pl astic tube to all ow pressure to escape. These two connections were
reversed to dispense the contents of the flask under positive

10ni trogen pressure. c) The third neck was sealed with a ground gl ass
st opper andoBEPxibitader shararctaustiosiod tasis aiecare later print in imk and thatqui d

Phar maceut iy (@athcn) I
Conposi ti onF%t%s p(rP‘g’i %1? %’dwmttﬂ%ﬁ’%wﬁ{%%%q@hﬁ%ps:ﬂ;}%mﬁ%&]‘t ' ca
Oxygen-free disti I | edgeaidingrio adowsadrabodiaentedafdide trtetianctsmfeieg pesknt
e 2o IR 858 o bre B Hodt b Bad ARk el B e
to yiel dsa 2R8untYf BA2RuRDaRlddgenitle conpbiaRiod QR tHEVbRIaE iSRinkibh et Was

bubbl ed with conpressed nitrogen for 15 mnutes while stirring. d)

220 mM HCl ingiecasdirais diredtly itself pr gitepnatively oystreatipadigipgical raatieroyif &rg
wator was SHIBICh ehr HER Sbaehie hacsieh SR AR MRS T AL At e
2008/ 04308 IiFits4ISNaA0FE Si20B 1B paSsdsis], hui ldstBlad,rmamtﬂsi wainh@pogeotbietabity

Wagla f)rsepfg E\e/g\ﬂre%ﬁeq the timg {e&urﬁ% %gﬁé%glotoglcaq?na% ocaachleg\:/%nag%is tm' on

10 response to another stimuli, such as, but not limited to, an injury, a disease,
hypoxia, excessive bleeding, or treatment with one or more effective compounds,
as described herein.

in certain embodiments, the liquid pharmaceutical composition of the
present invention is used to treat or prevent injury to biological matter exposed to

15 ischemic or hypoxic conditions. in one embodiment, these methods are used to
treat patients who have undergone, are undergoing, or who are susceptible to
injury, frauma or critical care treatment. Injury may be caused by external insults,
such as bums, wounds, amputations, gunshot wounds, or surgical trauma,
abdominal surgery, prostate surgery, internal insults, such as septic shock, stroke

20 or cardiac arrest, heart attack that result in the acute reduction in circulation, or
reductions in circulation due to non-invasive stress, 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.”

25 Therefore, the present invention contemplates contacting fissues,
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



a) Deionized, oxygen-free water was added to the three neck 5fl ask
and deoxygenated by dissolving with nitrogen for 30 mnutes while

stirring. R 24esnsddshNazS Stock was added to yield a 100 ,ﬁgﬁ@i
sol ution. c) The P00 nmM Na2S Sol uti glélﬂrmas JUbbled

Wi th conpressed 10nitrogen for 15 minutes while stirring. d) The

sol ution was bubbled with a 50/50 m xture of conpressed nitrogen and
CO2 (99.99% until a pH of 7.8 was reached. 3.Liquid Pharmaceuti cal
Composition Il - Na2S with H25 and Nitrogen Liquid Pharnmaceuti cal
Conposition 111 was prepared with the 15 follow ng steps: a)

Dei oni zed, r@ﬁ%@ﬁppW@éakﬁaﬁéﬁlical@team&maapnenenttlnvwon@dﬂo ganéerrplates

deoxygenat efleti¥qd 'fm[qéu\éh{bqls%% b r%?%ﬁﬁa%ﬁ% HENHG g g\é%') bg‘)g‘;’f’e‘ﬁ'}ﬁ a

stirring OCK Was
100 nM Na2$f2:€hlogiua!|pnmess¢s Wn@&em INaiéfaySdN\ttnjndmeamg bodtidsd Wi th

conpressed nitr 15 es whil t

coltnon BRI it oMen 46 SeaMrigs in which She s 2 sbsiRRTA NERTA o
S unti f @M

Concont 1ot e bl orfrdaliih, (TARARE thdl ickolcaP el 8wty ofl 1guld Aalcogenide

4. Li qui d Preanpastion;aidd indoenpeund healing\and tiszge Tegereration progessdy

oyt he i i 1Al HitobRar B i PRSI S rdodhRrafii SR NeC
Conposi t i oradditionets vouedareatingVintdthbdecoffthé irvention e&repslmﬁamehhﬁ-ﬂoi n a

f
W LR addi ¢IRFESrTof kel BAHTYa BySTua Py ISCr Gl o rake, amd hemorhagic shock

10 The invention has importance with respect to the risk of trauma from emergency
surgical procedures, such as thoroacotomy, laparotomy, and splenic transaction or
cardiac surgery, aneurysm, surgery, brain surgery and the like.

In certain embodiments, methods of the present invention can be
implemented to enhance survivability and prevent ischemic injury resulting from

15 cardiac arrest or stroke. Accordingly, in one embodiment, the present invention
includes methods of enhancing survivability or reducing ischemic injury in a patient
suffering from or at risk of cardiac arrest or stroke, comprising providing an
effective amount of an liquid chalcogenide composition to the patient before, after,
or both before and after myocardial infarction, cardiac arrest or stroke.

20 The term “treatment of a disease” as used herein refers to the
management and care of a patient having developed the disease, condition or
disorder. The purpose of treatment is to diminish the detrimental effects of the
disease, condition or disorder. Treatment includes the administration of the
effective compounds fo eliminate or control the disease, condition or disorder as

25 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



b) The solution was deoxygenated by bubbling with argon at 5psi for
15 mnutes while stirring. 10c) H28 was bubbl ed through the sol ution

whil e sti erQ&rs%Qidsi pH was reduced to 7.7 (or a range
7.8). d) The headspace in thg flask was fl ushegéﬁﬁtsﬁl’g%’%iﬁ

e) Anber dispensing bottles or vials were placed in a glove box that
was flushed with a constant stream of argon and each 15bottle or vial
was flushed with argon. f) The formulation was di spensed under argon
to maintain an oxygen-free environnent. The stability of
the solution was nonitored by neasurenent of sulfide concentration,

pH, and abswittbapetentietioraause frehemia ¢ kiworigriaachasiyed ariested insadvagce,

Sy ter sarPiruelf s PRty ey Biuf ReRdfiiiie s R,
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KoL ona ou, i b R s S Sbem L rebiBfumelonf 60 422
Moreover, additional embodiments of the invention concern
enhancing survivability and preventing irreversible tissue damage from blood loss
15 or other lack of oxygenation to cells or tissue, such as from lack of an adequate
blood supply. This may be the result of, for example, actual blood loss, or it may
be from conditions or diseases that cause blockage of blood flow to cells or fissue,
that reduce blood pressure locally or overall in an organism, that reduce the
amount of oxygen that is carried in the blood, or that reduces the number of
20 oxygen carrying cells in the blood. Conditions and diseases that may be involved
include, but are not limited fo, blood clots and embolisms, cysts, growths, tumors,
anemia (including sickle cell anemia), hemophilia, other blood clotting diseases
(e.g., von Willebrand, or [TP), and atherosclerosis. Such conditions and diseases
also include those that create essentially hypoxic or anoxic conditions for cells or
25 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



10The stability of three fornulations of |iquid pharnmaceuti cal
conposition |V when manufactured in a fume hood in a basic gl ove box

filled w tRoRhidi@eRp 9as to yield an oxygen-free enviropaprt.0088s0613
tested. In this study, oxygen levels jn the glove box and in the

solution were nonitored with an oxygen neter (Mettler-Toledo) with a
sensitivity level of 0.03 p.M The liquid pharmaceutical 15
conpositions were prepared as described in Exanple 1. Three
preparations of Liquid Pharnaceutical Conposition |V were prepared,

i ncl udi ng: 1} 97 MM pH 7.62, 273 nOsm _(é)_ 98 mM pH 7.71, 291
nOsm and (GRAIDIERIdE coMPPsition ag pgonas Rractipal WeahnyBinoneheunef ke

tested to } i i | = J nt
enhanced sulkgr IS st SR3EA0E B2 dofeile BEURRp O BT SR KOARIR
products. Llényirodmehbfenmesurgenys whesethesinitiabeeisesf thaniajuny ean be eddiassedhe
reactor appar s, h g. seale | 0 ox that flushed w,t

i trogen: o ben g pRtst 6as e o Back PritmeBiasiqrn grdivpyed

Sul fide kevghinaNEopxi€l HkicdfioR, tRE AFst holmsiter Wbyl Asrredtd dd the “golden
thiosul fate, sulfate and an unknown peak) of parenteral liquid

phar maceut i r,” Eoerpeigl 1o dauceepfubeidesped over a 129 25 day peri od.

Sulfid d ' ] i ;
Sel cctive B oot r ochelt S8 RERT AN ERE ThEAARPIS o the pleseht rvEfon

speci es. Theagbeatised trethedrdsamestchfaemtieganarativeadiseasespsspéiatediwittan
ionic species where the.iaons bjnd to, the surface.of the nenbrane. The
amount of i'éﬁ?'ﬁ&%@ﬂ@f'?ﬁ@%ﬁ{ﬁ%&m‘?@t ° P?M&%@“fﬁ@?f%%%‘ﬁ?/ 080613
51 estahpi ?Wrﬁroﬁ@?ﬁﬁb igdordl S f S ERG8e irBaimdns ofpiRnsiedisoiers. e various
concentrati of 1tons in solution. Sulfide |levels remaj ned at_ 100% of

control ovesthehemhedimentsd the bislogisal eanditiondeipay gpe osgpmpipation of the

bnd wer ¢ aralgiE e thBolSl 58 YagibwWEie do0ss FiRiGTREOREaREY | D
Chr omat ogr aipfstibhisease, inrrdiberse! benaticalisesiss, aitoinunine diseasee andnd

measured differential magration of sanple conponents in a biphase
system SanPIBURGTARIAE HiS$28%at i nteracted less with the stationary

phase spgnd | ess timg, cBridiRRniRldiiBnts, kA€ nidthusadt the prespatidsentiontdre
colum frominjection to detection is 10 known as retention ti ﬁ?boxallc

measure of csEdlorenhance the suryivelidy ohex pabiglegicalmalier gHigcied tg

measure of conponent co. t 00 o JNeoHRREEaIS! 8 I Eheloic
sulfate in ?h& %'ﬁfoﬂglggﬁadﬁ%ﬁﬁnedg the rang%lgbggsggtgfgntg?g sufsfbate
val ues wer ecgangied of Qsth éx ieo bietoyieah ntférial includegsateletd yudivthedblooder e
measured in the Spectramax at 370 nM re{gﬂglve t rgl tilled H20 (see:
Wi ss, J. aB@dugissas well 88 tspURRmorgans edﬁ?'b%?iﬁ ‘Eff‘aphy; W i ey,

Third Edjtion (2005); @rgn?d' bafndnt, RleBlods oEME FresentSalention eyl be Uskd?,
p. 1114-?120; Hoffmar%rr}lgl(}l ., et a?f, Envi ron. I§I'echnot 1979,

1406- 1414; foardwnce sdndyahdiiteni lalbgicabnalgyial imglw[abgfat%_q@%gea%{bgent%,

ol Focnnelor AR A28 S foa ol SRS BBy e

product s i shgshiesi istiashicrohbigons g, durkgMridpraservation and storage. For
example, cells, tissues or organs may be stored or transported in the presence of a

25 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



STABI LI TY OF LI QU D PHARMACEUTI CAL COMPCSI TI ON |V AS MEASURED BY
FORVATI ON OF PCOLYSULFI DE | N THE PRESENCE OR ABSENCE OF DTPA 25

The abi i tyoGhogsfgnt hetic chelator to enhance the st abbb’r&?o@’;/ fs13.
l'i qui d pharmaceutical conposition of gulfide was exani ned PI qui d

pharmaceutical conpositions (Liquid Pharnmaceutical Conposition |V)
were prepared in a fume hood in a basic glove box filled with
nitrogen gas to yield an oxygen-free WO 20081043081PCT/ US2007/080613
52 environnent. The liquid chal cogeni de conmpositions were

manuf actured in a seal ed_contai ner that contained a three neck fl ask
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concentrgtion of NaOthe present inventioNAS¥ipfidésiragthv@s amd asr@gositiorister
three neck flask either w thout any additives or with DIPA to enhance
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nmoni t ored Wiviry laologvcyl;matterecbrmon(mbibgicarmﬁtelnetiw;h adighidzhalengenitei t y
| evel of 0.0311M._ The tested |iquid pharmaceutical conpositions of
sul fi de H2EPPORPAHIONLi qui d Phar maceutical Composition IV) were made

ei ther ywhth or W t howi cériin eMibobRhéres, the Qh@bﬁi &fror effective compound that is
Di et hyl enetri am nepent aacetic acid DTPA) mV) . Sul fide and

(1
pol ysul f i deprowidied & bislagioabmatgrial can aapgutoat lgastpat leagf abgit, os at mpst
100 and 12 0 t Spec e
absor bance #Slﬁ ’Wé Dl 'E@fslt’gt ngfﬁqg 5 1(4 ES {%ceql?g)rféesfeﬁncg %1‘( %2 ﬁ%)l
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at g/ Pol ysul Ff
formation i90,88a82r ¥ St 95 Hhad 99, 69% UFO t189-611 05 (17195 160 0, 180,
concentrati i ahot A 808, 950, 48, 98 2602870, 280, 290, 300, 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,
20 880, 670, 680, 690, 700, 710, 720, 730, 740, 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,
25 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 562, 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,
280, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410,



WO 2008/ 043081PCT/ UB2007/ 080613 53 EXAMPLE 4 PH IS STABLE IN A LIQUID
PHARMACEUTI CAL COMPCSI TI ON OF SULFI DE Hydrogen sulfide is a weak,

di protic | Ists in three fornms in 5 solution -

Sr). The ﬁﬁ{)ggﬂ%ﬂ’%ﬂgﬁ fur species in S?J ution is depend(eE%HB%'ﬁw%ﬁﬁth
pH 7, HS- is the primary species. H25 1s the predom nant species at a
pH below 7 (see: OBrien D.J. et al., Environ. ScL Technol. 1977, p.
1114-1120). To test the pharmaceutical stability of sulfide in Li qui d
Phar maceuti cal Conposition IV, the pH was neasured at specified tine

points for 10 129 days. The |iquid pharnmaceutical conposition of
sul fide 1001204825440, Aql) 450PRE0 e 4800400, 0GP, 620,630V H40:550, 580,

P uahad v dironPeb s, .60, BAB 64 Bao kol sRO R/ oo 46, /Y. 105 728
g ;reaztir egzatsg eag nﬁdm?ggﬁ %Snggpgao@ov}ﬁ@g?g?wﬁﬂsm é‘slgl 8602870, 360,
Gorp.). fpym,;s@@, 102500, %ivﬁwoh%%d 9604970, ggméﬁ@ PO MV OBV P e

val ue o St d i i

A liqui éphgﬁ%g%{a\f é\/ﬁ"%?e’rrpos:a?l 2;1 o?e\;logf :J(r)nn?sul(r: ggr\iﬁg) pr epar ed

Ithalt get Good Ma[luf ?m wncma dﬂntaud:ﬁmeretsoftﬁm)re.wﬂapmnom mmlogleah material
ncl udi ng concentration an | al it
comer ci al 1§ €¥pPsgdde s a{@ﬁf)%'ft%; PO H%’haﬁF&ﬁr%ﬁ’t&%P%gP 65bSM

EXAMPLE 5
FOLLOW NG A%%%%%%%%E{%%@S%%&%“ﬁ&' TR SN, v

The net abol 3% 3fr 68.i45% 56f S Rtivkies, dn 2ppotihebs7dh HUPr THZ ASute.re: IRs
i 7 at o er U AEadty 20 e 25 AT 81 Poti‘hg: PV S 0 ghBie” s Y forkp
hilcclglrrgl fharmﬁmawn thereposi tion | V (98 mM sul fide, pH 7.65, 293
Furthermore, when administration is intravenous, it is contemplated
that the following parameters may be applied. A flow rate of about, at least about,
or at most about 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
15 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, 58, 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 gtts/min or pgtts/min, or any
range derivable therein. In some embodiments, the amount of the solution is
20 specified by volume, depending on the concentration of the liguid chalcogenide
composition. An amount of time may be about, at least about, or at most about 1,
2.3,4 5,86, 78,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
286, 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,
25 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, 5weeks, 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,



WO 2008/ 043081PCT/ U82007/ 080613 54 A 10-11 week, fenmle
Sprague Dawl ey rat, 200-250 grans (Taconic, Prunedale, CA) was

anest heti zgg 26613%93@9/ kg ketam ne and 10 ng/ kg xyl azi ne) papgsiaiPbsagized
with two jugular vein catheters (JVC) and a urethral cannula.

Anest hesi a was mai ntained for the duration of the experinment. A bolus
dose of 5 Liquid Pharnmaceutical Conposition IV (0.5 ng/kg) was

i njected through the jugul ar vein catheter. Phosphate Buffered Saline
(PBS) was infused for the duration of t he experinent at a rate of 3
mUhr using an infusion_ punmp_(Ha par

|
Col | e6t e G2cA% e dE: 4 47k FRADOnAl) Hon SRS ERIE HinBBr RIED. B, €
60 m n aft g3 adngsics B?%@%QW@ i gbeds aly 4’%, '{)G;r?'ia*?@'#%@ g Qg | Bﬁaéty

thiosul fate and sulfate [ével s were analy I on 'Chr ormat ogr aphy
(Met r ohm AGS8688, 87T 88, 88, MtA1082 PN S4udp % 838) WP, 100 10x 12 1SAPes

bi car bonat a0 460 D AR 15 2o gl SREGHPLAR 28024 b, 200, 366! U™

t hi osul fat e31ipngpe azwtd 340, mﬂsao Ms@xeset zab, @Eogmﬂmﬂ@s)ﬁdr@#eltsﬂoﬂso
excreted sul fate avera

These. dat a 4adriéa4sc, AGD. 300 530 e 15,50 miates (b e olf)

and sul f at o 0gice
Chr omat ogr;.ep yg?’@%{ﬁ%@ g&gﬁﬁ%ﬁgﬁi&m nggﬁgwrﬂls%g@&ﬂ% I N
RAT BLOOD mm NEGOABVO N2ST BAT] &40, 860 86080 FHSARSACEDN, 8AD, 920, 930,

onoured 1 e4op5g, 960,97; 989, S5HLIODTRI ek ik Boad (é SV Be

anal ysi fFOfOéanH!s&Qedinéi@ﬁloﬁm  @bingiel@stonof Li qui d 25 Phar maceut i cal
Conmposition |V. hree 10-11 week-ol d, mal e Sprague Daw e

rats, (326-350) gramdMlef H@ﬁhqye By paightse U Tppient @Rpicatio pllcaligns,
cat het er (YS) paRflt BoRabis rbldRIa RS ey SR ppliBatishgdna/ftira! s

were al |l owe Fecover an enperature and hum d
controlled wmtrmjbnmttonsmefe&eﬁ tada'yﬂarsmpeotf icatpntgrai/onlisted in the Applicatlon
2008/ 043081PCT 07/080613 5 meRncens nt of t al

procedur es. g@rw@Fp%ﬁeg %Ol éféﬁ <P Bltﬁﬂﬁ?,ﬁfrr@ﬁrﬁ A
basel i nggbl ood sanple (-0.3 m) vvas coll ected fromeach rat through
the carotid artery cannula into a heparin-coated 1 m syringe fitted
with a 5 23g Luer stub adapter. After sanpling, a correspondi ng

vol unme of saline was slowy injected into the animal through the
carotid artery cannula, followed by 100 pl of heparin solution
(heparinized dextrose 50 U m). A bolus dose of liquid
pharmaceutical conposition IV (1 ng/kg i.v.) (98 nM sul fide, pH 7.65,
293 nsn) was injected through the jugular vein catheter. Blood (-0.3
m.) was inmediately 10 collected after dosing through the carotid
artery catheter using a heparin-coated 1



m. syringe with a 23g Luer stub adapter. The bl ood sanpl e was

i mredi ately processed as described. After sanpling, a corresponding
vol unme of I slowy injected into the animal th

carotid ar‘?grzg’/d%@a%ﬂ%gter Bl ood sanpling was repeated at Eﬁﬁg%mhﬂfsgg?
30 minutes, 60 mnutes, 2 hours and 4 hours after 15 injection. 0.2
m rat bl ood was drawn with a syringe and i medi ately added to a 9 m
anber vial containing: 5% NaCl solution, 200 mM ascorbic acid
solution (freshly prepared), 20 nM pent afl uorobenzyl br om de (PFBBr)
solution in acetone. The preparation was closed with screw cap (with
PTFE-|i ned septum) and 20 vortexed for 1 m' nute. The m xture was

al l owed to incubate 15 m nutes, andEtXl)\ each vial was added 5 nM
t et radecyl di met hyl benzYl ammoni um chl0r | e soI ution in oxygen-free

wat er sat ur at iddrved RvsbidhumdroRe ab biateeP HABMAS E0TIOHNE. Comrismons RIV

et hyl acetate, 50 mM pent af | uor obenzyl brom de solution in

et hyl acetate. The preparation was vortexed for 30 seconds, and then
incubat eg for 5 m nukFegr i pRanidie MR ErAibeltideysErREidpRartbat e was
t hen added, and the solution was vortexed 30 sec. The sol ution was
then i ncubatresamdrasdessiibed keleWnpl ete the reaction, and after that
centrifuged at 2500 f ;,%5}1 G

was renoved and drie %BKS% 'érﬁsgqna {}Eelpg Wwwgﬁﬁgge et T &
2008/ 04308 1yRs3T ﬂédﬁ@@@ﬁét@B%@I@mﬁ&nglalr undetvaaiunoand-diseoiging wiihi congeessed

(5200 ° ool Bosihsbeop BAHES R R TRt R s
PFB-Br dgri M@Fb%@tﬁdﬁﬁ‘ NaSSHoH2decrgodist (ft@@ﬂ#meg mmé@e ns.lséwmta y

detected in b froma rat injected 5 i a bol us dose o

Li qui d Pharfres digtiled|de@signsvated nTmlwstqckgms@m@A tﬁhﬂw sgg)led epd Prfa%cted

2 G at TR oS S2p TSRl of BELRS ofeey oy OB iy AL
COVPCSI Tl ONspricBhiAEE aSIdRWisviak # NRER 1Y BEXKHEoyOubhEd @ySlissolving with

Treatment with gaseous H2S has been shown to enhance an animal"’
ability to QPR %BqJ’P\'HBQe'hypom c conditions. However, under certal n

15 circygstances, hqtu?@?m%céﬂtiddmﬂbééiﬁﬁdé wérteq:rédsureamearfm ihhery
hi gh

has occurred at a rerm ocation, it woul | y advant ageous_to
be abl e to abasit ngVpemxélHed with Initeogengasdo iekt amexygandige emAlcaBgehi Hee

1 Branpl o o8 T el tep B S RE e (RE BRREEOC e IRl
to survive fha \}wmm@reeﬁummmnn an 28y gerometerdMetifer-Fofesio) mithias,
three diff eéeengtltwlty Ievel olp Oh 85 rJac eMuEathogs of preparing the liquid pharmaceutical
20 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 uM in the pharmaceutical
composition.
Liquid pharmaceutical compositions were prepared in a three-neck
25 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.



conpositions were tested in male C57Bl J6 jugul ar vein catheterized
(JVC) mce, 5-6 weeks old (Taconic), by infusing the animals with the

l'iquid sulf] i.qui d pharmaceuti cal conpositions using

Luer - Lok s\{llbg'ﬁﬂan?%wBecton Di ckison). An I PTT-300 transp%‘%ﬁb&%?%%i o]
Medi c Data Systens (BMDS) was 25 used to nonitor body tenperature.
The transponder was injected subcutaneous (S.C.) into the back of the
animal s at | east 24 hours prior to the experinent. A DAS- 6008 data
acqui sition nodule from BVDS recorded body tenperature of the nouse
via the transponder, and data was input into a conputer spreadsheet
and plotted agai nst ti k. UniVisaICiiptet 3adilPrdsdUSRecion 806 adiastic cap with
Each nouse was dosed wth |[iquid phar eutical conpositions through
the in-dwelling catheter ah%‘?’ﬂﬁ‘l' Sﬂﬁqerﬁr{géﬂwgpﬁﬁﬁw h 453 ﬁgﬁaé{'ﬁ&'ﬁg .
The nouse was infused Umdiépérélén‘ttﬁi@lﬁﬁig%%\’a%ls?m hhéﬂ%‘péféﬁ&ﬂtub@vﬁdé_e

skin regi stered a body tenperature of the nmouse showed signs
of distress before the 5 cosngetedieasompsersed ges cyboler gpdsed o

i nfusi on. was stopped for ] qiqi- . r r

t han then‘5 previ ous rate. &%%g%%ﬁ%ﬁ'}e%%tgﬁ nﬂgesf\ogkfiﬁé‘éﬂarcgtn écf%}gg 33C
or below, the infusion wasirejengreitoardiralize meys-twitha rixhns beHsRdnd nt o
a hypoxic atm)sphere(4.0%02%‘1.J n a first experipgent,..a ue%:
MIVC07) was infused with P9 -frhem_s?\lég@ q’d‘t”i‘%ﬁ?@p‘ﬂ%?%ﬁ” I f :?8
Phar maceuti cal Conposi ti ool presdlirk b SscipRTPhése iditdrteBitHsRggut i cal
Conmposition | was prepared by diluting a saturated stock of Na28 in

dei oni zed, deoxygenat ed HRensed & disperss: thatcopientst of4Be fiRsk upder positive

deoxygepating the sol utian, by di ing with 100% N2, while stirring
for 30 ﬁ?nut es in a 3- necqlté%g?qéégg%gth ground glass fittings to

al  ow pH noni toring and) Ifhegiaid aedk Wae Bealetiwith agroand glasscborpec Bnd The
pH of the solution was adjusted t% 75 usi nglméfo mglll—ﬁjl whi | e
dissolving with N2 and st$sefitA@ddniasSsoflion SHMERSTIR the 145l d

Phar maceuti cal Conposition |I) was di spensed under argon into anber
vials using mnimal headspace and seal ed with caps using
Tefl on/ si |l i con 1.i nelsquid Phammaceutitel Ganepasiiodd -NuSlosphy#ate used to

prepare Liquid Phar euti.cal L : i ; By
G S50l vi g appr ox: maL By s RARALGofEgatiol RS Brencied LufiepRiigHing
dei oni zggl, gdgaxygenated H20, and this stock was stored tightly
capped, protected fromlight. - The use was | nfuse i.th
an effective dose of 0.%_&1@9@"‘%’5?“9@ aawoa'ZpH&Fi%[e'&ﬁ?@;ﬁ 3% nide
Composi tion I over a periggGlaskAnfideBkifendtedy digddivhg Withmitaje® fof
6.4 uUmn until the tenperature chip inplanted in the skin registered

a body tenperature of 33G0 (rdes whiy stirTing. | nf usi on was t hen stopped,

and the ani mal was pl a%ggzéﬁé%gﬁﬁgmg%%am@ 018 a(éboggﬁmgzg/vi thin

one mnute. At the end use S T enpv fromthe
hypoxi cgghanber and pl acegblijfion. WO 2008/ 043081PCT/ US20071080613 58 a

cage and nonitored. The npuse exhi bjted no. signs qof djstress
post-treatnent. |n cont®adke 280 piidezp Soltion "gﬁstt?ﬁ%?!ﬁ#“?’@? C/ORFesped
died (Figure 10). In a seqadefIfas Mfilles vhidthg | O MCATO8) was
infused with )

d) 220 mM HCI 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 NazS.



Na2S, pH 8.2 (Liquid Pharmaceutical Conposition Il). Liquid
Phar maceutical 5 Conposition Il was prepared by diluting a saturated

st ock of i j oni zed, deoxygenated H20 to a conce j 41
mVv| and dﬁé?‘&’éﬁ%@ﬁg t he sol ution bylsdi ssolving with 1€%%$\#ﬂ8'0\%?{%
stirring for 30 mnutes in a 3-necked | ask with ground fittings.

NaCl was added to adjust the final osnolarity of the solution to 300
nOsnol /L. The pH was adjusted by dissolving wwth a 50/50 m xture of
N2 and 10 CQ2. The final solution (Liquid Pharnmaceutical Conposition
1) was dispensed with mninmal exposure to air into anber vials or
bottl es using rd.ni muiquirkBHsmzareutical Goeapasiioni It hiNazghronatiydgte
Teflon/silicon liners or, Septa. .. .. _The nouse s...nfused
over a period of 62 WAHGIBrLRoayca Comppsiiad | Sy PIEgR EeItaaY v .
After 30 miogweag stapesi on, the infusion was decreased to 15 4 Umn

due to observed signs of distress. After 12 mnutes, infusion at 4
pt/mn, the infusion r& siasizedhyagriresyvatevanaddegiipithe thiee pe

t enper atgire dropped to 3 A - -hg{;po GofBh Mal
was pl acéjed into a hypoxi ?Bastk-r%g@&e@re (%. 0%3?&%9@@?&1# mdnut 85. The
nmouse survived in the hypoutesavintesgingnge for 60 minutes. 20ln a third
experinment, a nouse (ID; ) s.infus i th S f f.ered
with H2S and Nitrogen) !8) L%WF%#Z?%%%%?‘?%&WO& 85'#;6 i%’&%ﬁgﬁ pH
8.35. In this exanple, LiggnighnPhar maceutical Conposition Il was

prepared by diluting a saturated stock of Na2S to 65 mM and
deoxygenating the di | uckdTR10A mdhNasS Solidign waspuheled WlveRMBres#ad o

St T ngy30 mnutes | 3 ugeakes iblaRlophioRmigound ol ass

fittings; and pH adjusting e solution I'ssolVing with a 50/50
m xture of N2 and H2S. dJhEhd solafiorswhsibuliried bith @ &0/50 mixturseeftcogwiressed

anber vial s or botiles unRBOT %%@m@%ﬁ?ﬁﬁﬁpiﬁﬁ%‘iiﬁgﬁé FodeRb s

using Teflon/silicon liners or septa.
2008/ 043081PC171. 152007/ 080613 59 " TE\? mouse sd“&f used
with Na2S (buf f®red Lifuit PhasnageytisphGapeeition g iNasSprly Hex 804 [Nitagen

Conposition 111, ovef.a: ' : GSH?J 4 3 wal predesd ean it e of
4.3 plimn. Wen thengﬁgﬁlﬁéerﬂn%ecggl%?e o%%éa Eo %gllc-:‘?ﬁthe i nfusion
was st oppedoli@witg stepsani mal was placed into a hypoxic atnosphere

(4.0%02) within 1 5 mnute. The npuse .survived I L O

hy pox(i) a. I r?)c'éﬁ'PP&?ﬁ PXYIERTEERIPE gag%{i g%’@’e&dtﬂ%@lﬁe?ﬁﬁgm
mce were treated with |igdkhriddoxygendted by areeivingalith GFdgHiri Bredce
(average wei ght 22 granms) infused wth vehicle (101.thm n) survived

on average for only 7 mi nuirages while 893102, with an average tenperature

drop of only 0.06 0.3§¢. I i eld Rt REJg ve
effect of a Iiquid pha?o %§W:Nca§$(§ct§‘?r{p‘6’§%’(ta?% 0" M H2S) (Ligc?uid
Phar maceggti cal Conpositiogclidn. pH 7.9, was tested in a cannul ated

mal e Sprague Dawl ey rat (RIVC40Q) 0 . raconi tBt e
to any experinmental corﬁ)oa %%&"P‘[@ﬁﬂ%?%ﬁu w%%l?la?bi%q Y ﬁco%?esgéw
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 resulied

25 in a final concentration of 90 mM sulfide.



inplanted with an in-dwelling vascul ar catheter and was exam ned for
signs of 15 stress and di sease prior to any procedure. The animal was
wei ghed prwonodsmsfgpcedur es and wei ghts were noted on t hergesR7/eaEad.
An | PTT-300 transponder from Bi o Medi g Data Systens (BVMDS) was used
to nmonitor body tenperature. The transponder was injected

subcut aneous (S.C.) into the back of the aninmal at |east 24 hours
prior to the experinent. A DAS-6008 data acquisition nodule from 20
BMDS recorded body tenperature of the rat via the transponder, and

data was input into a conputer sBreadsheet_ and pl.oited against tine.

The rat was infhsed HIHSFHATRIREUNSRIGRMPOSHPCYhERRr with 50 mM H2S
(Liquid Pharmaceuti Cghg ﬁﬁéﬁ%ﬂdﬁa‘d&ﬂcéﬁﬂa&ioﬂ'ﬂf LicRiid PM&matelfiddl 0dntositisn
m nutes using an infusion punp (Harvard Apparatus) while being
noni t ored fl¥rwas determifie® by issinitiassonoentratia efNeOHN Listyid, Pharmacedtical e

as neasured.by an.|PTT-300 tran ngere i . Subcut aneously. The

starting i g??fﬁ?%w[%[t ewﬁiaereé?‘%oﬁ‘%ﬁ? %‘% fﬁk}%ha\%@gl ncreased by 6.5

pi(,Um' n eyery 13 m Buél ess) UNAOH ihfa&ahg}ﬂﬁgggim_l}_@swwwmtimmd aﬁdedtﬂg

skin registered a body tenperature a C. e in on S.stoppe

for 10 mi nutes when the aWPr?B’Ieeé'}WGS'SY"Sh@da'ﬁV%‘? w&s"r‘\gﬁ?ﬂ“‘s@é‘gﬁ VO

2008/ 043081PCT/ US2007/ OSWQQJ estarted at a rate 13.0 4./mn | owner
e

than the previous rate. body tenmperature dropped to 33C, the
i nfusi on was stopped, dndThéeolativtmwhs daexygeasied tyrupbingybargon at Spsi

at nosphere (3.5%02) within m . .ani mal survived for 32
m nut es. Measured body tehﬁégﬁ?'ﬂp%gm%}@ﬁl@%c in the 5 hypoxic
chamber 49 A §jORLS AlasPipbieddhrolighthe savtion whileestBing antd pH

(average wei ght 342 grans; Harlan) survived an a f 15 4
mnutes in 3.5%02, with Wﬁsmgéowo(w@éﬁﬁ@aﬁéigz@ p of 1.6

0.2C. These exper | ment sy eg},ahLihdcB tld bk hRlTRGAB With aegdn.
conpositions 10 of hydrdgen sulfi'de have a protective effect on

ani mal s, whi ch enhancese)t heiber dispbisipg bottles ov vials wergdragasin g glove box
conditions. This result fyrther e | i,she Wl I~QN
of liquid pharmaceuti cal ﬂ'@&rﬁ’ Iﬂy?lé%gwgﬁg@é@?ﬁ&%ﬁ%??%ﬂd&?’l%ﬂg%ﬁ

patientggsuffering from opolik of vikwet fiasiiddewltmgrganom hypoxi c or

i schemi c conditions, e.g., induced by injury or disease, ,and.nrovjdes
a neans of protecting afgd'i'mgfcgm&g@rqﬂw\@s%ﬁ@%@&ﬁdﬁdehﬁﬁg‘gﬁﬁﬂ‘ﬂ”ﬂ%ﬁﬁd“
hypoxi c or ischemc inj urRéfW A ronment. LI QUI D PHARMACEUTI CAL
COWPCSI TI ON OF SULFIDE P S ROTECTI VE BENEFI T FROM HEPATI

I NJURY | N THE MURI NE THeRAGHIRY oS tidrsaiutiormmeErmositard buresasuseeaf sykde

ability of a liquid pharmacgeutical ¢ ey i Lde
cy!t olpr gt ect F‘?/Qfgegg':'s}%‘?rﬁtpﬂ' ﬁ“§ a??ﬁ"a@ra”‘c‘ﬁ gﬁ%‘%@ﬁ &pcq&/ss C Iﬁg%ﬂg{n‘}ég%gi.%dgt%ﬁhg
(17 R) i Bigur 4s RS it pReoimedricdfonitar dxiiatios braliicts whick intkudeswifitatssifate,

that intraperitoneal 25 bolus adm nistration of Lliquid
Phar maceut i thivsutfatepend elasrentyt SUful-fi de, 95 nM pH 7.92) post-hepatic

| schem a and i medi at gl yiq RiLfhadeutiBalldotfboBfiishs WBREAHSHSRA wiefin
decreased |iver transam nases aspartate am notransferase (AST) and

al ani ne ani gesleacbes boe fioALME theesnacked flasisendenpapibive Aillogea gressure.
i st opat hol %.%lbesf(\:/?arlse 8r' amber botiles were filled to a slight over-pressure in an inert
25 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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vehicle did not provide any protective benefits in the hepatic UR

injury. The m ce used in these studies were c
m ce, 8- 16”%%%[50?30?5a0kson Laborat ory,., Bar Harbor, Mai nle’ .lals—%(l;gésgénla

wat er were provided ad 5 libitum Tes‘t50 animals were allowed to
acclimate in a tenperature and humdity controlled environnent prior
to the comencenent of experinental procedures. M ce
wer e anesthetized with ketam ne and xylazine and maintained with
war mi ng during surgical procedures to induce hepatic

i schem a-reperfusion (I/R) injury. S¢MPLEZ |y, a nidline incision
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b event bl ood aYPTaarmabe o K 28Let e CORROL IR AN RER RPN
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medi an | obes of the ischemc | i\r@{{. Ischegi a _proceeded for 45
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saline. Control m ce gy frRs W8l sH)880S Sk@fsriaBon, ALY BN Jaridheepbilidation
bl ood fl ow was not reduced wth a m croaneurysm cl anp. At the end of

45 ni nut es, profigstadnduding thesedgnictos incFigares\ieand Zetlaa: Gheaet al., Environ.
enor fusi orSels Facinpy (feTa)0h doTust Kofrch &Rl o Effircly 51 TRUHIRTB6! ©

reagents ( lﬁb.gamoﬁ.ﬂtgtgi Bbéu&cﬁ‘dm ens., Rfiietl RevisadhanT caridomwrl(ﬁ 9&4)ﬁp. iltﬁap'ﬂ)r y
test ani mal's were randaomi zed to four. groups, up 1: vehjcle
treated!0G oup 2: tra—aﬁﬁ@ﬂ‘“%.‘)&hﬁﬁ? @mﬂ%a%%‘r%ﬁﬁ'&%ﬁ‘@%%fca‘

conposi ti Oncdr{@oas d&g@ wher ﬁw%ﬁhfé%ﬂﬁre&ino% f[gréé@clntd mlbt{\ Bagt gbv@ Bex fillskith

conposition | n oup 4: treatnent 3. i qui d pharmaceuti cal
conposi t i onnitregemgastooyieldian dXygendreg BnvissTmeriveasstesiedi & this study, oxygen

tatisti [ i.ogpifi duct.i . i {
concent 1ot | BRI B dipREbox S 8 Rafliph Uee k¥NBGd Vi dforygen meter
treat ment gnesis-Tdledo)wittkg sedsifvityoévay of 0,08 34 0Neicki) pharmapeutied! t o

vehicle. WD 2008/ 043081PCT/ US2007/ 080613 EXAMPLE 9 LIQUID °
PHARMVACEEIT] wwm@@afpwweéeﬁﬁﬁﬁ?hqﬁ@v%é@% DI OPROTECTI VE

Three preparations of Liquid Pharmaceutical Composition 1V were
prepared, including: (1) 97 mM, pH 7.62, 273 mOsm; (2) 98 mM, pH 7.71, 291
mOsm; and (3) 98 mM, pH 7.75, 276 mOsm. There compositions were tested to
determine if preparation in an oxygen-free environment enhanced sulfide stability
20 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, stlfite, thiosulfate, sulfate and an unknown
peak) of parenteral liquid pharmaceutical composition were analyzed over a 129
25 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



BENEFI T I N THE MJURI NE MYOCARDI AL | SCHEM A REPERFUSI ON MODEL 5The
ability of a liquid pharmaceutical conposition of sulfide to provide
cardi opro | efits in a myocardial ischem a-repe L )
injury noé)gﬁstz%'\aégy‘@g{;t ed in mce. Inthis study, it is sﬁéﬁb’?’ﬁﬁ‘wg
bol us adm nistration of Liquid Pharmaceutical Conposition IV (95 mV
pH 7.65) into the left ventricular cavity post-ischema and five

m nutes prior to a 24 hour reperfusion period reduced 10 nyocardi al

i schem a and reduced nyocardial infarct size as a percentage of risk
area. In a related study, adm nistration of a pre-conditioning bolus
dose of Li cpstabliPhed mommlbbcaﬁer@onqnﬂ&itisi dﬁpelntieﬂtzbmﬁxemnperitmtion@f ions in
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ventri cl e wer e assessed W|th conput er -assi sted planinetry by an
observer blinded to sanple identity. H\/I he proceduresfor the
| eft ventricular area at risk (AAR ct size determ nation

(see: Jones, S‘%BT LiTyede @bUIDWARﬂnACEth@ALCEOM#W@N & ASMERSYREDEY. FORMATION
(2004)). 286 1-1276- 15 H282).
OF POLYSULFIDE IN THE PRESENCE OR ABSENCE OF DTPA

25
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 V) were prepared in a fume

hood in a basic glove box filled with nitrogen gas to yield an oxygen-free



Dat a were anal yzed by 2-way ANOVA with post-hoc Bonferroni analysis
using StatView software version 5.0 (SAS Institute). Data are
reported agoRb@m4sogEM p values less than 0.05 were congpg@sfe/0se6i3
significant. Mirine nyocardial ischenga reperfusion nodel test groups
of 10-13 20 animals were random zed to four treatnent groups. G oup
1: vehicle treated; Goup 2: treatnent with 50 pg/ kg Liquid

Phar maceutical Cconposition IV; Goup 3: treatnment with 100 ji g/ kg

Li qui d Pharnaceuti cal Corrposi tion IV, and Goup 4. treatnent with 500
pg/ kg Liquid Pharmaceuti cal osition I'V. In this study, bolus

admi ni st r atSWkoNED. g ed“%?h?d [defoRaRHIeSs Wesm maputasiuretln pH
7.65) 25 "He@leh%n‘tﬁﬁértﬁéﬁéc{}rﬁ&!%é@é ﬂ%@?é'nte}fk ﬁési?\@ltiggfb%g@tdsg?ﬁ a and

five mnutes prior our reperfusion peri nyocar di al
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i mal o surOT VLI ie i AR 2f Sagta i B EXalBIP G Risehtiing Pl Yts 00
Pg/ kg) . Helvontset & thertitsitd avhskphany THOVeebi was Pesrebiviith dilodditgas or
nyocardial UR injury. WO 2008/ 043081PCT/ US2007/ 080613 64

In a second@Xpars iesminimizsi M(een GRitentr L theespharMaseaticeb Aemppiipney the
dose) w th g pQliise Qzﬂw%%nﬂéttéﬂ ﬂﬁé Gei%%[;{éﬁfb?%é fridal E%@{fﬁﬂahbﬁgf NYoH24

hours prior to surgery and ischen a eat ment wit
Phar maceut i cal CorrpoBIBOI-bso!phm\/wdeniaped)irehtteltmeagak fatk aﬂmmtmaﬂany

i db i f duct | i
Mnfaret s AsdRegor M PR sRERcE st bR R fere i sRvhE o
PHARMAGHYT |b@4§nc§@§ﬁ%rﬁ}l% e SENidMOVEE ddbskyige B DiyMoRing\Nvifh bryetiat
MAMVAL 10 t has been q;))rew ously denonstrated that

Li qui d Pharfiefd &t 1ecminutemybils s4reag Pxvaen levels in taﬂaiwvb%w%w@&o'@ére
body temer\ﬁh&%@%;g@ﬁﬁu@g%?l MetEX 20RYE) mhaseﬂaﬁ&;gqavé?fof BlobdM. The

hypot herm a cardrac arrest neur opr ot ect ant
from gl obaltestedIhqmﬂqahampe&utsatmmhnsutmgscﬁsdﬁa@HSSHQ@GBM (biguick 0 15

di h f No t at i l.ation, :
T08: 18- 12 FprmpRe el Cofits iof i WopaTad plier il ible shitisie
Phar macegt I&@Iat&o m%iﬁyléh@tﬂaﬂnmerpeﬁta@@énd)@a&(meme(mahw eSurﬁda ahdr ge
animal in a nodel m | d hypot herm a was

phar maceut |n§éusutf@ﬁ:ﬂ@~ssl$ Were Meagiied a4 fays Qt%ﬁéd 3903'@\% E%h‘&ot%‘do‘fzg

I :glef a![O L?Zda%g‘?'th?‘? #&%&Jﬂg@%%é @?egﬁﬁrﬁaﬂfat‘b@% 9BsSbak¥70 nm. As
illustrated in Figure 4, the presence of 1 mM DTPA enhanced the stability of sulfide
in the formulation at day 129.

20 Oxidation products sulfite (uM), suifate (UM}, thlosulfate (uM) and an
unknown product measured at 37 min {(U) were measured at day 122. 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.

25



Femal e pigs (20-25 kgs) were housed with appropriate care as
described in the Guide for the Care and Use of Laboratory Aninals.
Envi ronmenggho@@dospl s were set to maintain a tenperat upgr®k8iododis
81F and a relative humdity of 30 to #0% A 12-hour l|ight/dark cycle
was enpl oyed and the 25 room underwent a mninmumof ten fresh air
changes/ hour . Animal s were anesthetized with a

conbi nation of ketam ne (20 ng/kg) and xylazine (2.0 ng/kg)

adm ni stered intramuscularly (IM. Each aninmal was then i medi ately
i ntubated and mai ntai ned under anesthesia with inhalant isoflurane
(0.5-2.5% . Inhalant anesthetic wasEXAMRIEAEd t hrough either a
volume. VO 2008/ 44 SORhBI AR EARRACE fited QbR NSéghiﬁrBé” or
re-breathi ng apparatu n i ntravenous ca h ace In jugul ar
vein for administration of |actated Rlnger S solutlon (10 n1/kg/hr)
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and capillary refi time were recorded manual |y every 15 m nutes.
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intervals. At the en m nut es,

d, f h
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recor deggf r&gﬂg? Fﬁ%r@@%fy gl viPOs sveBgelvalle bher, @@d@fﬂiﬂ(Mean +

i mredi atel y li1ver. Data were acquired directly to conputer
usi ng Pomer&tabdaralt@e\eaiwbﬁiﬂur@rﬁ)l nstrunentati on and software. Data

poi nts recorded duri %Q@Mg?pﬂ%&%géwﬁd% H&h tf?én b@&%guﬁﬂé%‘& prepared
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degree o nduced by a hypot herm a-i nduci ng treatnent.
Adm ni stration of Liquid Pharnmaceuti cal

EXAMPLE 5
DETECTION OF SULFIDE AND OXIDATION PRODUCTS IN RAT URINE FOLLOWING
ADMINISTRATION OF LIQUID PHARMACEUTICAL COMPOSITION IV
25
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).



WO 2008/ 043081PCT/ US2007/ 080613 66 Conposition IV produced a
statistically significant change in core body tenperature when

conmpar ed tQo%ghkidsR, (Fi gures 13A and 13B). The data demppsikaffodobat
Li qui d Pharnmaceutical Conposition IV i;{ effective in inducing
MPLE

hypotherm a in a large animal. 5 EXA 11 LI QU D PHARMACEUTI CAL
COVPOSI TI ON 1V REDUCES REG ONAL | SCHEM A I N A MYOCARDI AL | NFARCTI ON
MODEL IN THE PI G 10The ability of a |iquid pharmaceutical conposition
of sulfide to provide cardioprotective benefits in a myocardi al

i schem a-reperfusion (I/R) injury nodel was tested in pigs. In this
study, it is shown tRhatO-bbveskddmalte Spraguée Dawiey tabvzOD-250 Bamsi (Tacenic,
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anesthetized w th sodi um pentobarbital (25 mo/kg I nt ravenously.

General anedt I8 minceftpsaduniskrtiopsandypledalfeC sémﬁ’ﬁ-ai ned
Lhroughgyt the exper i gl nfSNdib3hk Yhik@ S wefOdhaljicipdy 16a! ure,

1000 m; "ventilation ra reat mn;, positive end-expiratory
pressure, 3CkmndcyrapingsMetaiton RG 86 eipwithMatspsep Aesupptd eglumn®) Theagrine
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access and hiVahBh&iel. | AlkhaRehdldT 80 mhitilies ClROBE Bf excreld@ thiosulfate increased to
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300 pM excreted (Figure 7A). Levels of excreted sulfate averaged 22 + 3 mM over
15 60 minutes (Figure 7B). These data indicate that the suifide oxidation products
thiosulfate and sulfate are excreted in urine and can be detected by lon

Chromatography.

EXAMPLE 6
20 DeTECTION OF SULFIDE AND THIOSULFATE IN RAT BLOOD FOLLOWING ADMINISTRATION
ofF 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

25 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 ina

temperature and humidity controlled environment for 5-6 days prior to the



superficial fenmoral artery was cannul ated for arterial blood sanpling
and intraarterial blood pressure nonitoring. Heparin sodiumand 1%
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20 experinent. Infarct size was determ ned by triphenyl tetrazolium
chloride staining (Sigma Chemical Co.), and was expressed as a

per cent aggy,ghoRfgRspt risk. The area at risk and the argapghhisaést
zone were neasured by conputerized plgninetry (Scion |nmage, §CI on
Corp., Frederick, MD). Myocardial tissue sanples (approximately 0.5
g) fromthe area at risk 25 (ischem c zone) and non-ischem c area of

| eft ventricle (control zone) consisted of epicardial, nyocardial and
endocardi al tissue that were renoved at the end of each experinent
and divided into two sanples. Ischem c and non i schem ¢ zone sanpl es
wer e conf i rated/ovinatonberensic Isfenseri 98 83:2 1), Kege ovt.al Kieerrd ppAoelytics e
snap froze qU| red. WO 2008/ 043081PCT/ US2007/ 080613
69 nTO%CO%ng/gqggﬂ 1a~ﬁses Wwere col |l ected and centrifuged and/ or
stored on ice. St atlﬁhemdesaltaéwmawasmgehé mettedi of HHEYBBA& aEAGion,

| nstitute, The ne SEM i s sho for arj abl e
Statt st nislisane bbb san RecUraneo vy dRlHs Bk EomaT aLnmAR o
of variagce [ ﬁmowg ddbel i idlli@ Pﬁaﬁﬁa@ut@afd&ﬁ;ﬁbsﬁmm (EGufes §R6h@T

and tinme as a "within subjects” factor. Post-hoc conparisons between
groups for &t Buifide lavals wgee eicbveneddiogn Blood fier the 248 Iminutawsiystyi rariodwethe

made vmthth use onf.erronk.correction to adjust for the
mul tiplici tay gp* aégbﬁnéﬁgt(ﬁgpfeca?)'di fferences between groups in
infarct size were eval uated by ANOVA. Linear regression anal ysis was

performed to determ ne the relati onmlo segnment shortening,
infarct size and regional ischemc ach group. Differences in

regressi@n | i ngs,RARRACE]ALRASCHREE AONPERANCESHIE/NAUNIERINPOXIC
| i near nodel. The general |inear nodel was al so used to test for

significant nonlinear (e.g. quadrat i@ONITIPNEt s. Statistical
significance was clained at p <0.05. In this study, bolus

adm ni stration of Liquid Pharmaceutical 15 Conposition IV followed by
60 minute infusion iMteathbet With jasemusH Sihasrbeemahioywnas emhantean

ischem a and five m nutes r| or,to a 120 m .nute erfusi on. & riod
reduced myAHMal Sa?b’l'tﬁft%?‘é'i"’ Weégy%%?‘%—a‘ﬂ%ae "[S*“Pery?g Knge e?i gure

14). Vehicl [ ifjutyea d
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BYPASS | N DOEE rgery is
per f or med udd BTQ%E@%‘%F@%%&BOM EJ" Pf)@%h' ﬁ %gr%u|g y
arrest. Evegbrpositindivage dysidred bs desa:rebeldom Eahmplecladﬂdytesiedd@ﬂ ability to

reducti on of ocardial contractilit occur as described in a
huml;n Ist udyefﬂ'gi}‘/‘ﬁ@ aﬁr%‘ﬁﬁ%'rseamwmwlﬁ”rlﬁ’ﬁéé‘? P%WEPRF'%?"V'T%”&‘%!& ![I on, !

o e\ AR s st e
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

25 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 @ computer spreadsheet and

plotted against time.



post operative course. Extracorporal circulation is also known to
induce a systemic inflammatory reaction with free radical release

| eadi ng t qyg8p@RGALY Organ injury. There is emnerging eVb@fﬂ§ﬁm£ﬁﬁﬁﬂ
hydrogen sulfide can exert cardioprotgctive effects in cultured
nyocytes, in perfused hearts and in rodent 5 nodels of nyocardi al
infarction (see, e.g., Pan, T.T. et at, J. M. Cell. Cardiol.
40:119-30 (2006); Bian, J.S. et at, J. Pharmacol. Exp. Ther.

316: 670-8 (2006); Johansen, D. et alL, Basic Res. Cardiol 101: 53- 60
(2006); and zZhu, Y.Z_ etal., J. pl . Physiol. 102:261-8 (2007)).
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sanpl es m cal anal ysis. Basic I ntravenous_ vol une

substituti oiemmaaecb deoxmnatady Wi Q. rared thigetock was stereskighlly rrpRRdh PrYFCted
Accor di ng 30 tﬂehval ues of potassium bicarbonate and base excess,
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pressor substances were adm nistered
Liquid Pharmaceutical Composition | over a period of 60 minutes at an infusion

25 rate of 6.4 ul/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 cne hour, the mouse was removed from the hypoxic chamber and placed in



10Test articles conprising either Liquid Pharmaceutical Conposition
IV (100 MM pH 7.71, 292n0sm) or vehicle were infused during the 60
m nut e car@bqg,gg,g50§§t and 60 m nute reperfusion period f,(%,”@?g{,bgéglaém
i nfusion). The great vessgs were dissected follow ng

| eft anterol ateral thoracotony. The left subclavian artery was
cannul ated for arterial perfusion and 15 heparin adm nistered to
mai ntai n anti-coagul ati on. A venous cannula was placed in the right
atrium The extracorporeal circuit (bypass) consi sted of a heat

exchanger, a venous reservoir, a roller punp a menbrane
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i ndependent indi ces of car dial contractility. Cor onary
bl ood fl ow #HEWSREESPEBO BEYR® | eft anterior descendent artery with a
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si ngl e bol uNagF (raiffetad wmmaanmmmqu Ppharmaceutical Composition {ll,

(Snp, 104" W B D208 oo bR L FAE LA SORREIRI ek PhepeTa BF
basel i ne cogiptiag sa@@ﬁtddaétodileﬁﬂ 1$4,8085 mM and deoxygenatmg the diluted solution
by dissolving with 100% N while stirring 30 minutes in a 3-necked fiask with
25 ground glass fittings, and pH adjusting the solution by dissolving with a 50/50
mixture of Ny and H.S. The final solution (Liquid Pharmaceutical Composition i
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.



Cardi ac contractile function was neasured by pressure-vol une | oop
anal ysis follow ng reperfusion. Infusion with either vehicle or
Liquid Ph peal Conposition IV was initiated 30 nj

CBP and C%Wﬁ%@gﬁ@g until the end of ;4 he experinents &Eﬁ@gz:og%stuﬁfs
infusion in total, at a dose of 1 rrg/ﬁg/hour, i.v.). Al animals were
subjected to 60 mnutes of cardiac arrest (ischema) and a total

cardi opul nonary bypass tine of 90 m nutes. Preload recruitable stroke
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i schem a. Infusion of Liquid Pharmaceutical Conposition |V during WO
2008/ 043081PCT/ US200The 8uB!s8 Wes intused adthava.84buidgrad wahdiSancoNitiegen),
car di opr ot [ J s han | .0 r it I oke
vork ( PROWLAU P PR SRR R oot PRI B PE BT RS 3 Tuhe

t ri phosphatrate(AHR3 plLAdian¥sharethei ok sempératrdBR)ppaddo 30¥TdRe fusion was
nonophosphate (AWMP) contents were assessed w th standar phot qnetry
usi ng an erﬁ%@dk?ﬁm%a'ag@ yyas placgd dite A P@HH@E’H%’?R[H%‘? g%‘g%rﬁéﬁf“hé{h{i
. ndepenglenhintl a4 hdllsdBrivaY 3 madiRGtuok s9bsligd coronary rings.
After tg enlcri} of the ne Vi VO eéperrlhmants.the hggrts were exci sed and
the coronary arterie$ egnteast todhatresuliamiptamecdwhen theopice wera trgpted with

i S0, 0 iy bl nae A O o Tt [lefads Bt bR yse =

The cor onaryittevéiacie € Souem) Busdaidesh avetags foroely 7 mimotgseini4a0iéady, with ain
fat and surroundi ng connective tissue an& ggt transversely into 4-mm
wi dth ri ngPvesagaferperpEredo8f ARG ®R 6938 tsol ated aortic rings were

mount ed;on stai nl essir?&ﬁ:ﬁher‘”%%@ﬁrdggg,itﬁéjbﬁtﬁﬂﬁb RG] %hmg}][&ﬁpt(dﬁaﬂe@&tical

G ass Technol ogy, Monrovi a, , containing 25 r
Kr ebs- Hens edogiposition (60 anMdt,S) 6igHe Paatmaeaudicel ot pesiiBnbvd rH R &) 556

CO2. Specigl attentiaon S i in i (o} :
damagi ng tﬁ@s@ﬂéfb?ﬁéppw\#&q r@%‘ﬁ&“&% uec%ﬁ\%'[égcr?{@n“s C%Iie}? gﬁrot 8?‘ éggﬁosq'c g
i sonetric fipacRad hanedyaay exidimemal commasdd.eTheahiogy wastsurgivally, CA,
USA), digitized, stored and displayed with the 10X Sof f war.e Syst
(EMKA Techrigpiiited witbgpin-dwelling vasculaatietai@and)vps X g f?frﬁié S ‘g'm

restin ensi Wy e i i i a9
(w1001 5y B ol ciechsE rBPis S Rrobaty T A e P e

was reachedsroesdiires had atsights wespooted onithe eagsearinm IBY T3 trRysponder

curmul ati ve concen tiqQn f . end i i

acetyl chol ifF@“%&tMe%ﬁ)[B@%l ISIENR ?%@@béﬁ%gﬁgﬁ?%ﬁ‘}%ﬁ%’eﬂp@%%? eﬁflllrgt or
sodi um ni t r-pgs WSSEEARdESNESs injébtddsdiitutaridous RBICaXiatd the biask ekieasired as
percent of 25 contraction induced_ b

i .by U4681%. . .. Heart [r {e
(HR), MAP, lesst@fchams papetodie RrPeimantpireDAS-0808ata acqpisition Moy e&k?é“
So”ev‘hago hi glieis k’&ﬁd&%@%@gg@&%%% raPlA8hdrERspdtReHidhtielzenaas
. ho a

coul d be~docurente ecreasing tendency in all three
groups af t einp@ABto avbdmputsaspeiadsidat aad platiediagainst Hwat ment  gr oups

0.05). CO sh d 2008/ 043081.PCT/ 007 AT
((j:of< fer ealces bZt %’Zn tﬁfg r@?ﬂﬂfb??%WE(P&QH?%%%’é%ﬁ%ﬁéﬁg%g%gﬁ%bwzes

in all thregifii®PRamibcdiBesl CdtRpodiiordagy pESES] Svagr pdrivaindfl2g3iminutes
control group after CPB while it remained unchanged in bo P t r eat pent
groups. Henusigganinfusian ipapireiagiard Appatatys) ayhilg OE'FFE‘&@ YR =M
3;’ Sr nE)P 38;[ :c &gyegﬁeehé&gaé’ﬂn‘%%yrt%%%rE%s' Rédsur&by bR Wb Rr-abonction
transponder implanted subcutaneously. The starting infusion rate was 6.5 uLl/min,
which was increased by 8.5 ul/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



bet ween the groups. After CPB, both left ventricular dPidt and PRSW
decreased significantly in the control group, which was partly

reversed hyolg@nyfisgures 15 and 17). Before CPB, no di ff,@f,@gm%ga%e
been observed in endothelial 10 functiggn in vivo. After CPB the

response to acetyl choline was significantly reduced in the control
group, which was partly abolished by H2S (Figure 19.). The response
to SNP did not differ between the groups and over the tine.

The endot hel i um dependent vasorel axati on of the precontract ed
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group (Figure 19). Endotheli um dependent vasorel axation after SNP did
not differ [iatagivto 2 hypapioatposphere (3.5% Op) withipdoraingies. Tieranimal
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control §eMypbRic diawmeer, ADP and AMP | evel s renmi ned conparabl e
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pl aced iBTEsleabeing tlepREN Mamriahoh. ypbgt avisshamit injust.r eam t he aortic
bi furcation. During aortic occlusion, nean arterial pressure (NAP)

was mintai ned between 80- 120% of t he pre-occlusion levels using i.v

esnol ol , nitroglycerine and ATP. Durgwguabpe garly reperfusion period

continuous i.v. noradrenaline was tiTrated to mai ntain MAP>80% of the
LiQUID PHARMACEUTICAL COMPOSITION OF SULFIDE PROVIDES CYTOPROTECTIVE

BENEEIT FROM HEPATIC INJURY IN THE MURINE HEPATIC }SCHEMIA-REPERFUSION INJURY
20 MoDEL

The ability of a fiquid 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
25  bolus administration of Lliquid Pharmaceutical Composition [V (sulfide, 85 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.



15 baseline | evel. DNA damage in whol e bl ood sanpl es was eval uat ed
with single cell gel electrophoresis (al kaline conet assay). Data

shown in Tagheshsse Medi an (range), w thin group diffepepesRo sz
tested with a Friedman ANOVA on ranksg; and intergroup differences

were tested with an unpaired rank sumtest. NaHS-infusion resulted in
significantly | ower heart rate and cardiac 20 output. However, bl ood
pressure and stroke vol une remai ned uni nfluenced. NaHS reduced the
nor adrenal i ne requi rements needed to achi eve henodynam c targets,

| ower ed gl ucose turnover, and conpletely blunted the |I/R-induced DNA
damage ('t ailh coptiastt regimenewilb vebicigstd yiot proyide ang pretectiveranefiisrin ikg on,
p<0. 05 vs. A gﬁglllﬁ)i .uﬁﬁThese data denonstrate that infusion of the
H2S- donor NeHS GaS BENGf i cial duri ng aortic occlusion-induced I/R

injury and est abl i shThbaticd ueed imethésenstubiieb meue C53LB 16/ 4 enifen 1800 atackss
prevents ischem c injury. The benefici al

ffect be d t
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with warming during surgical procedures to induce hepatic ischemia-reperfusion
(/R) injury. Specifically, a midline incision was performed to expose the liver and
10 heparin was injected to prevent blood clotting. Both hepatic artery and portal vein
were clamped with microaneurysm clamps to render the left lateral and median
lobes of the ischemic fiver. Ischemia proceeded for 45 minutes, with the liver
maintained in the peritoneal cavity in its original location and kept moist with gauze
soaked with 0.9% normal saline. Control mice received sham surgeries, although
15 hepatic blood flow was not reduced with a microaneurysm clamp. At the end of 45
minutes, microaneurysm clamps were removed. Serum fiver transaminase levels
(AST or ALT) were tested after five hours hepatic reperfusion using
spectrophotometry and commercially available reagents (Sigma-Aldrich).
Murine hepatic ischemia-reperfusion injury test animais were
20 randomized to four groups. Group 1: vehicle treated; Group 2: treatment 0.3
ma/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 composition [V. As shown in Figure 11, AST levels achieved
statistically significant reduction at the highest tested concentration (3.0 mg/Kg).
25 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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EXAMPLE 9

Liquib PHARMACEUTICAL COMPOSITION OF SULFIDE PROVIDES CARDIOPROTECTIVE
BENEFIT IN THE MURINE MYOCARDIAL ISCHEMIA REPERFUSION MODEL

The ability of a liquid pharmaceutical composition of suifide to
provide cardioprotective benefits in a myocardial ischemia-reperfusion (I/R) injury
mode! was tested in mice. In this study, it is shown that bolus administration of
Liguid Pharmaceutical Composition IV (95 mM, pH 7.65) into the left ventricular
cavity post-ischemia and five minutes prior to a 24 hour reperfusion period reduced
myocardial ischemia and reduced myocardial infarct size as a percentage of risk
area. In a related study, administration of a pre-conditioning bolus dose of Liquid
Pharmaceutical Composition IV 24 hours prior to initiation of the study significantly
reduced myocardial infarct size (as a percentage of risk area) (myocardial
infarction) (Figure 16).In contrast, treatment with vehicle did not provide any
protective benefits in the myocardial I/R injury.

The mice used in these studies were C57-BL6/J mice, 8-10 weeks,
(Jackson Laboratory, Bar Harbor, Maine). Food and water were provided ad
fibitum. Test animals were allowed to acclimate in a temperature and humidity
controlled environment prior to the commencement of experimental procedures.

Mice were anesthetized with ketamine and pentobarbital sodium and
maintained with warming during 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.



1, 2, 5, 10, 20,80 unol/k9 -- coor Ed EIl- 0 c50) tr) Ne to o c\I
r E 25,50, 100, or 150 nol/kg Vehicle 9UHES to ta Lai as 3 -6 Water
JOpl | eA evsDR0EBA43081 PCT/US2007/080613

10

15

20

25

63

After 24 hours of reperfusion, post-ischemia, mice were
anesthetized, intubated, and connected to a rodent ventilator. Evans blue dye was
injected into a catheter threaded in the commen carotid artery. A median
sternotomy was performed and the left main coronary artery was re-ligated inthe
same location as previously. The separation of the ischemic zone from
nonischemic zone was visualized with Evans Blue dye, the heart was rapidly
excised and serially sectioned along the short axis in five 1-mm sections that were
incubated in 1.0% 2,3,5-triphenyitetrazolium chloride (Sigma-Aldrich) for five
minutes at 37°C to separate of the viable and nonviable myocardium within the risk
zone. Each of the five myocardial slices {1-mm) were weighed, areas of infarction,
area at risk (AAR), and non-ischemic left ventricle were assessed with computer-
assisted planimetry by an observer blinded to sample identity. All of the
procedures for the left ventricular area at risk (AAR) and infarct size determination
(see: Jones, S.P. et al. Am. J. Physiol. Heart Circ. Physiol. (2004)). 286:H276-
H282).

Data were analyzed by 2-way ANOVA with post-hoc Bonferroni
analysis using StatView software version 5.0 (SAS Institute). Data are reported as
mean + SEM. p values less than 0.05 were considered significant.

Murine myocardial ischemia reperfusion model test groups of 10-13
animals were randomized to four treatment groups. Group 1: vehicle treated;
Group 2: treatment with 50 pg/kg Liquid Pharmaceutical Ccomposition 1V; Group 3:
treatment with 100 pg/kg Liquid Pharmaceutical Composition IV; and Group 4:
treatment with 500 pg/kg Liquid Pharmaceuticai Composition [V. 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 ug/kg and 100 pg/kg (Figure
12). Four animals survived treatment at the highest tested concertration (500

ug/kg). Vehicle did not provide any protective benefits in the myocardial I/R injury.



Eo) iT) a) .fl tpo < as E co iT) 6niej sodium hydrosulfid e (NaHS)
-0 Er i-j-5, Ea) 1 =2 a3 to CO0 ATE-429 (nesalam ne netab.) sodium

WO 2008/043081 PCT/US2067/080613
64

In a second experiment, animals were pre-treated {pre-conditioning
dose) with a bolus dose of liquid pharmaceutical composition IV, 24 hours prior to
surgery and ischemia. Pretreatment with Lguid Pharmaceutical Composition
provided protection against myocardial necrosis (100 pg/kg) as measured by a

5 significant reduction in infarct size (Figure 16).

EXAMPLE 10
METHOD AND USE OF LIQUID PHARMACEUTICAL COMPOSITION IV TO INDUCE MILD
HYPOTHERMIA IN A LARGE MAMMAL
10

It has been previously demonstrated that Liquid Pharmaceutical
Compositions 1, 1l, lll, and IV suppressed core body temperature in a rodent
(Example 7). Induction of mild hypothermia has been used in cardiac arrest, as a
neuroprotectant from global ischemia in patients during cardiac surgery and to

15 diminish reperfusion injury (see: Nolan et al., Circufation. (2003), 108:118-1210).
In this study, the hypothesis that Liquid Phamaceutical Composition IV reduces
body temperature in a large animal in a mode! of miid hypothermia was confirmed.
Liguid pharmaceutical composition IV was administered to two cohorts of female
pigs over 60 minutes and the rate of change of body temperature over time was

20 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

25 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 infubated and maintained under anesthesia with inhalant

isoflurane (0.5-2.5%). Inhalant anesthetic was delivered through either a volume-
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regulated respirator or re-breathing apparatus. An intravenous catheter was
placed in jugular vein for administration of lactated Ringer's solution (10 ml/kg/hr)
and any necessary emergency drugs (drug, dose, route, and site of administration
were documented in the surgical file). Isoflurane concentration, oxygen rate,

5 SaOy%, pulse rate, respiration rate, and capifiary refill ime were recorded
manually every 15 minutes. Biood pressure and EKG were monitored throughout
the study. Core Body Temperature was monitored by use of an esophageal
temperature probe that was inserted into the esophagus of the animat to acquire
core body temperature.

10 Two cohorts of 5-6 animals were anesthetized as described. EKG,
arterial blood pressure and core (abdomen) temperature were measured. Animals
were maintained under anesthesia for a thirty minute baseline period. Following
the 30 minute baseline period, test pigs were infused (2.5 mg/kg/hr) for 60 minutes
with Ringer's solution and through a separate intravenous line, vehicle or Ringer's

15 solution and through a separate intravenous line, Lliquid Pharmaceutical
Composition IV. Animals were observed during the 60 minute infusion period.
Core temperature was measured at one second intervals. At the end of 60
minutes, animals were observed for thirty minutes prior to recovery from
anesthesia.

20 Core temperatures were recorded from a temperature probe
positioned in the abdomen, immediately below the liver. Data were acquired
direcily 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.

25 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 Liguid Pharmaceutical
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Composition IV produced a statistically significant change in core body
temperature when compared to vehicle (Figures 13A and 13B). The data
demonstrate that Liquid Pharmaceutical Composition IV is effective in inducing

hypothermia in a large animal.

EXAMPLE 11
LiQUID PHARMAGEUTICAL COMPOSITION IV REDUCES REGIONAL ISCHEMIA IN A
MYOCARDIAL INFARCTION MODEL IN THE PiG

The ability of a liquid pharmaceutical composition of sulfide to
provide cardioprotective benefits in a myocardial ischemia-reperfusion (I/R) injury
model was tested in pigs. In this study, it is shown that bolus administration
followed by 60 minutes infusion of Liquid Pharmaceutical Composition IV (100 mM,
pH 7.80, 292mQOsm) into the left ventricular cavity post-ischemia (beginning five
minutes prior fo a 120 minute reperfusion period) reduced myocardial ischemia
and reduced myocardial infarct size as a percentage of risk area. In conirast,
treatment with vehicle did not provide any protective benefits in the myocardial I/R
injury model.

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 animais.

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 Ho0; inspiratory to expiratory time ratio, 1/2) was provided via
endotracheal intubation using a volume-cycled ventilator. The right femoral vein

was cannulated for intravencus access and IV injection and the right common or
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superficial femoral artery was cannulated for arterial blood sampling and intra-
arterial blood pressure monitoring. Heparin sodium and 1% lidocaine were
administered before thoracotomy. Heparin was administered every 30 minutes to
the end of the experiment. The pericardial sac was exposed through a median
sternotomy and was opened to form a pericardial cradle. A catheter-tipped
manometer was introduced through the apex into the left ventricle (LV) to record
LV pressure. A vessel loop was threaded around the distal third of the left anterior
descending coronary artery or its large diagonal branch after appropriate vessel
exposure. The coronary artery was occluded by tightening the vessel loap, which
was then secured by clamping with a mosquito clamp. Myocardial ischemia was
confirmed visually by regional cyanosis of the myocardial surface.

Pigs were randomly divided into groups and subjected to 45 minutes
regional ischemia (occlusion) followed by 120 min reperfusion. Arterial pressures
(systolic pressure, diastolic pressure, mean blood pressure), heart rate, percent
segmental shortening (LV dP/dt) and myocardial tissue flow were continuously
acquired throughout the experiment (PO-NE-MAH digital data acquisition system,
Gould, Valley View, OH), with an Acquire Plus processor board, and left ventricular
pressure analysis software, and a Gould ECG/Biotach. Liquid Pharmaceutical
Composition 1V or vehicle were administered beginning 5 minutes prior to the start
of removal of the coronary artery clamp (bolus (100 meg/kg) and 1 mg/kg/h
infusion) with the infusion continuing for 60 minutes during the reperfusion period.

Regional myocardial function was 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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Measurements were made over at least three cardiac cycles in normat sinus
rhythm and then averaged. The ventilator was stopped during data acquisition to
eliminate the effects of respiration. End-diastolic segment length (EDL) was
measured at the onset of positive LV dP/dt, and the end-systolic segment length
(ESL) at peak negative dP/dt. Regional contractility was assessed by segment
shortening (SS). Wall motion abnormalities were assessed as systolic buiging (SB)
defined as the bulging of the myocardium after the end of diastole. Postsystolic
shortening (PSS) is the shortening after the end of systolic ejection. Time course
changes in %SS were calculated from the mean + SEM of 4-5 unigue horizontal
and/or longitudinal distances and expressed as a percent of baseline to minimize
variability among individual animals. Time course changes in SS were expressed
as a percentage of equilibrium values to minimize variability among individual
animals.

Biood gases and hematocrit were monitored every 10-15 min using a
Corning 238 pH/blood gas analyzer and a Corning 270 CO-oximeter. Blood gases
and acid-base parameters were maintained at PO2>100 mmHg; pH - 7.3+0.3; and
temperature - 37°C.

Ischemic area at risk was delineated by monastryl blue pigment
injection into the aorta after ligation of the involved artery following 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 Corp., 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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Blood samples were collected and centrifuged and/or stored on ice.
Statistical analysis was performed using SAS (SAS Institute, Inc., Cary, NC). The
mean £ SEM is shown for all variables. Statistical significance was determined by
repeated measures analysis of variance (ANOVA) with the group as a “between
subjects” factor and time as a “within subjects” factor. Post-hoc comparisons
between groups for both the average effect and at individual time points were
made with the use of a Bonferroni correction to adjust for the multiplicity of tests.
Statistical differences between groups in infarct size were evaluated by ANOVA.
Linear regression analysis was performed to determine the relation between
segment shortening, infarct size and regional ischemic time in each group.
Differences in regression lines between groups were compared using the general
linear model. The general linear mode! was also used to test for significant non-
linear (e.g. quadratic) effects. Statistical significance was ctaimed at p <0.085.

In this study, bolus administration of Liquid Pharmaceutical
Composition IV followed by 60 minute infusion into the left ventricular cavity 45
minutes ischemia and five minutes prior to a 120 minute reperfusion period
reduced myocardial infarct size as a percentage of risk area (Figure 14). Vehicle

did not provide any protective benefits in the myocardial IR injury.

EXAMPLE 12
LiQUID PHARMACEUTICAL COMPOSITION IV PRESERVES CARDIAC FUNCTION 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 refationships. In addition, coronary

endothelial and peripheral vascular dysfunction may further complicate the
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postoperative course. Extracorporal circulation is also known to induce a systemic
inflammatory reaction with free radical release leading to secondary organ injury.

There is emerging evidence that hydrogen sulfide can exert
cardioprotective effects in cultured myocytes, in perfused hearts and in rodent
models of myocardial infarction (see, e.g., Pan, T.T. ef al., J. Mol. Cell. Cardiol.
40:119-30 (2008); Bian, J.S. et al., J. Pharmacol, Exp. Ther. 316:670-8 (2006);
Johansen, D. ef al., Basic Res. Cardiol. 101:53-60 (2006); and Zhu, Y.Z. et al., J.
Appl. Physiol. 102:261-8 (2007)). Mechanisms of sulfide protection include
conservation of cellular energetics, down-regulation of inflammatory pathways,
cytoprotection due to antioxidant effects. In the present study, the potential
cardioprotective effect of a liquid pharmaceutical composition of H,S was tested in
a dog model of cardiopulmonary bypass, to determine whether the compound
affects cardiovascular function in a clinically relevant modet of bypass surgery. In
addiiton, the effect of hydrogen sulfide on vascular function and myocardial
energetic status was determined.

The ability of a liquid pharmaceutical composition of suifide to
provide cardioprotective benefits during cardiopulmonary bypass was tested in two
cohorts of dogs using an established model of cardiac arrest (ischemia; Szabo, G.
et al., Eur. J. Cardiothorac. Surg. 25:825-32 (2004)). In this study, each animal
underwent 90 minutes of cardiopulmonary bypass (CBP) (30 minutes CBP
followed by 80 minutes of cardiac arrest) and 60 minutes reperfusion by restoration
of arterial flow. Infusion 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 Nationa! 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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endotracheally intubated. Ventilation comprised a mixture of room airand O; at a
frequency of 12-15/min and tidal volume starting at 15 ml/kg per minute. Arterial
partial carbon diqxide pressure levels were maintained between 35-40 mmHg.
The femoral artery and vein were cannulated to record aortic pressure (AoP) and
5 to take blood samples for biochemical analysis. Basic intravenous volume
substitution was carried out with Ringer’s solution (1 ml/min/kg). According to the
values of potassium, bicarbonate and base excess, substitution included
administration of potassium chloride and sodium bicarbonate (8.4%). Neither
catecholamines nor other hormonal or pressor substances were administered.

10 Test articles comprising either Liquid Pharmaceutical Composition IV
(100 mM, pH 7.71, 292mOsm) or vehicle were infused during the 60 minute
cardiac arrest and 60 minute reperfusion period (1 mgfkg/h infusion).

The great vessels were dissected following left anterolateral
thoracotomy. The left subclavian artery was cannufated for arterial perfusion and

15 heparin administered to maintain anti-coagulation. A venous cannula was placed in
the right atrium. The extracorporeal circuit (bypass) consisted of a heat exchanger,
a venous reservoir, a rolter pump and a membrane oxygenator primed with
Ringer's lactate solution with heparin and sodium bicarbonate. After initiation of
cardiopulmonary bypass (CPB), the animal body temperature was cooled to 28°C.

20 The aorta was cross-clamped and the heart was arrested with 25 mi/kg HTK
solution (in mmol: 15 NaCl, 9 KCI, 4 MgCl, 6 H,0, 18 histidine hydrochloride
monohydrate, 180 histidine, 2 tryptophan, 30 mannitol, 0.015 CaCl,, 1 potassium-
hydrogen-2-oxopentandioat, H,0).

During cardiac arrest/perfusion, the pump flow was adjusted to

25  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 biood in the bypass circuit. If

necessary, ventricular fibrillation was counteracted with DC cardioversion of 40 J.
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Following the study, ventilation was restarted with 100% oxygen. All
animals were weaned from CPB without inotropic support 20 minutes aifter the
release of the aortic cross clamp. Functional measurements were performed and
recorded before CBP and after 60 minutes of reperfusion. In addition, myocardial

5 probes were collected for high energy phosphate analysis at the end of
experiments.

Left end right ventricular systolic (LVESP) and diastolic pressures
(LVEDP) and volumes were measured by combined pressure-conductance
catheters via the pulmonary artery, respectively. Stroke volume (SV) was

10 calculated. Parallel conductance was estimated by rapid injection of one mi of
hypertonic saline into the pulmonary artery or superior vena cava. Vena cava
occlusions were performed to obtain a series of pressure-volume loops. The slope
and intercept of the left and right ventricular end-systolic pressure-volume
relationships and preload recruitable stroke work (PRSW) was calculated as foad-

15 independent indices of myocardial contractility.

Coronary blood flow was measured on the left anterior descendent
artery with a perivascular ultrasonic flow probe. Coronary endothelium-dependent
vasodilatation was assessed after intracoronary administration of a single bolus of
acetylcholine (ACH, 107 M) and endothelium-independent vasodilatation after

20 sodium-nitroprusside (SNP, 10™ 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

25 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 IV during
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cardiac arrest and reperfusion was cardioprotective as measured by the change
preload recruitable stroke work (PRSW) compared to baseline (Figure 15).

Adenosine triphosphate (ATP), adenosine diphosphate (ADP) and
adenosine monophosphate (AMP) contents were assessed with standard
photometry using an enzyme-kinetic assay. In addition endothelium-dependent
and —independent relaxation was investigated in isolated coronary rings. After the
end of the in vivo experiments the hearts were excised and the coronary arteries
were isolated and placed in cold (+4 °C) Krebs-Henseleit solution (118 mM NaCl,
4,7 mM KCl, 1,2 mM KH,PO,, 1,2 mM MgSO,, 1,77 mM CaCl,, 25 mM NaHCO3,
11,4 mM glucose; pH=7,4). The coronary arteries were prepared and cleaned
from periadventitiat fat and surrounding connective tissue and cut transversely into
4-mm width rings using an operation microscope. Isolated aortic rings were
mounted on stainless steel hooks in individual organ baths (Radnoti Glass
Technology, Monrovia, CA, USA ), containing 25 ml of Krebs-Henseleit solution at
37 °C and aerated with 95% O, and 5% CO,. Special attention was paid during
the preparation to avoid damaging the endothelium. Isometric contractions were
recorded using isometric force transducers (Radnoti Glass Technology, Monrovia,
CA, USA), digitized, stored and displayed with the 10X Software System (EMKA
Technologies, Paris, France)., The rings were placed under a resting tensionof2 g
and equilibrated for 60 minutes. U46619 (5x10-7 M) was used to precontract the
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™°
contraction induced by U466189.

Heart rate (HR), MAP, CO and CBF are shown in Table 2. Baseline

heart rate was somewhat higher in the freatment groups; othemwise, no differences

10° M). Relaxation is expressed as percent of

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 major differences between the groups and over the time. CBF was comparable
in all three groups at baseline. It decreased significantly in the control group after
CPB while it remained unchanged in both treatment groups. Hemodynamic
variables did not differ between the groups and over the time.

5 Baseline values related to left ventricular function did not differ
hetween the groups. After CPB, both left ventricular dP/dt and PRSW decreased
significantly in the control group, which was partly reversed by H,S (Figures 15
and 17).

Before CPB, no differences have been observed in endothelial
10 function in vive. After CPB the response to acetylcheline was significantly reduced
in the control group, which was partly abolished by H,S (Figure 19.}. The response
to SNP did not differ between the groups and over the time.
- The endothelium-dependent vasorelaxation of the precontracted
coronary arterial rings to acetylcholine (ACh) was significantly impaired in
15 comparison to contro! rings (animals without CPB, historic control) and was
completely prevented in the HS treated group (Figure 19). Endothelium
dependent vasorelaxation after SNP did not differ between the groups.
Myocardial ATP measurements taken at the end of the experiments
were significantly increased in the presence of hydrogen sulfide as compared to
20 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 Hz8’s antioxidant, anti-inflammatory,

25 hemodynamic and cytoprotective effects, or a combination thereof.
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EXAMPLE 13
HYDROGEN SULFIDE REDUCES DNA DAMAGE FROM AORTIC-OCCLUSION-INDUCED
[SCHEMIA-REPERFUSION INJURY

The cytoprotective effect of infusing the HyS-donor NaHS in a
clinically relevant porcine model of thoracic aortic occlusion-induced
ischemia/reperfusion (I/R) injury was examined.

After random assignment to either NaHS (n=6; 2 mg/kg x h started 2
hours before aortic occlusion and continued until 8 h of reperfusion) or vehicle
(n=86), anesthetized, ventilated and instrumented pigs underwent 30 minutes of
aortic occlusion using inflatable balloons placed immediately downstream the
A.subclavia and upstream the aortic bifurcation. During aortic occlusion, mean
arterial pressure (MAP) was maintained between 80-120% of the pre-occlusion
fevels using i.v. esmolol, nitroglycerine and ATP. During the early reperfusion
period continuorus i.v. noradrenaline was titrated to maintain MAP>80% of the
baseline level. DNA damage in whole blood samples was evaluated with single cell
gel electrophoresis (alkaline comet assay). Data shown in Table 4 are median
(range), within group differences were tested with a Friedman ANOVA on ranks,
and intergroup differences were tested with an unpaired rank sum test.

NaHS8-infusion resuited 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 /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 cyioprotective effects of

this compound.
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10 211 1 11 1 13 2 LVESP [ nmHg]
78

3.22 0.29 2.82 0.27 2.73 0.34 3.02 0.21 CBF (m/mn) 40 5 46 5

24 3# 58 17* LVEDP [ mmHg]

9 113 19 W4 20037643081
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95 11 WD 2008/ 043081PCT/ US2007/080613 80 TABLE 3 control H2S ATP
(j.trol/g drw) 9.1 1.2 15.8 0.9* ADP (jAmwlig drw) 5.8 0.4 5.4 0.3

AMVP ( nmrol godoosjosdoss PCT/US2007/080613
79
TABLE 2
Before CBP After CPB
control H2S control H2S
HR (min™) 114+ 8 135+ 7 130 + 4 139+ 8
MAP (mmHg) 104 £ 10 919 86+4 75116
CO (//fmin) 3.22+0.29 2.82+0.27 2.73+£0.34 3.02 +£0.21
CBF {ml/min) 405 46+ 5 24 + 3# 58 £ 17*
LVEDP 10+2 11+ 1 1141 13£2
[mmHg]
LVESP 1049 113 +19 87+ 3# 95 + 11
[mmHg]




0.3 1.3 0.2 WD 2008/ 043081PCT/ US2007/080613 81 8 h after danping
(tz0-60'0) (91:0-150) i71:0 4 h after clanmping (720-800) 91:0

(Pto-zro) whGpRuls@f ter clanping (so-t71,0) PCT/US2007/080613
80
TABLE 3
control H2S
ATP (pmolig drw) 9.1£12 15.8 + 0.9*
ADP (pmol/g drw) 58+0.4 54+0.3
AMP (umolfg drw) 1.4+03 1302
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Vehicle SHeN lie.1 nonent WD 2008/ 043081PCT/ US2007/080613 82
Fromthe foregoing it will be appreciated that, although specific
enbodi mentywyoQbhosichfsi nventi on have been descri bed her ei NpEPHISAMI/RRSES
of illustration, various nodificationg my be made w t hout deviating
fromthe spirit and scope of the invention. Accordingly, the
invention is not limted except as by 5 the appended clains. 83
CLAIMS 1. A sterile, stable aqueous pharnaceutical conposition
conprising: a solution of deoxygenated water and sodi um sul fide

nonahydrate, wherein the sodi um_ sul fi de nonahydrate produces Na2S,
H2S and HS', wher ei nFi3@ 'MHE@WWQ&‘FWBW%?PR@Qai@ that, alfeouchrapecife 1. 0

mg/ L to 4. %B&ﬁrﬁbnts ofthe W@@ginrha% eefllddk ﬁ’dbd ﬁer?ﬂf&%h\%ﬁoé&& pH in

the range of 7.5 to to t esol erein the
sol ution haibJSérﬁtrmrvanaus mdlfnat;dms maylge nudde2BBh BB Bevigimpirdra;the spirit

select o 1 E0meeHRe 8 etlrdsions ATRY BN, 3% LRSS RelimRedorail riby
and t hi asulti@bppended claims.



wherein the oxidation products conprise 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%; wherein
the solution is isotonic or near isot@®iic; and, wherein the solution
is stable for at |least four nonths. 2. The conposition of claim1,
wherein said conposition has an oxygen content in the range of 0 RM
to 5RM 0O RMto 3 RM 0.01 RMto 1 RMLAIMS. 001 RMto | p.M 3. A
sterile, stable pharmaceutical conposition conprising: a solution of
deoxygenat ed water and Na2S, wherein the Na25 produces HS, wherein

the sol ytA e@rilkastasie Rifhddus bh8ni888RaPéondpBitiod &rr%msifﬂ@er ein the
solution has an osnolarity in the range of 250-330 mOsnol /L;

wher ei n t he sgalutanor degxygreanted sippar |agé§ocbumfsnéfeieawndmdlm product s
sel ected fro [ n tin | | f sul fate
"béref% HE S V%rﬁ%uﬁ'ld% héh gzaég S tolicks l\lI Stlflé & gﬁ%gf S

and thiosul f erern the i‘on pro e sulfate

in the rangewhdreinQfie dor¥¥tratfounl dfiH,8 it fh thBeangange.0ahg/tl%0l4. O%g/mL
polysulfide in the range of (0% 1% or thiosulfate in the ran

(0% 1. 0% ; wibereinthe pritiden istaristed 40 8 phbindhe mngaef ¥ 848 8- Srla»uad%ﬁﬁqHﬁgto the
and, V\/neg(ghg% he solution is isotonic or near isotonic. 84 4. A
steri | e, stabl’e, liquid pharmaceutical conposition made by the steps,
in any suit abhaeiarthesolutbaniusiasioagiolarity in theedtige@f 256-6B0ii@mafL; Na2S by

rinsing Na2S. 9H20 rys als with deox ted, distilled and deionize
vat er ; WhBH § ﬁ@Of@ Jﬂﬁfi%w s Rpfieerxidsfion H*??fg‘ﬂﬁr%e?ﬁe‘%\ﬁ?ﬂz

thr ough bR %Qﬁﬁting%f%%&ﬁﬁhb %lﬁt@esui\iﬁt%%nmﬁb% Rfeduces HS-, and,
adjustlngt e“solution to a pH |nteraneof75to85
by addi ng HOth:r@mtthe oswlation produvth epmprissailthtsol u.htamrgeha:s(o%al .0%), sulfite in
osmol ari {’h% rlaxl;]get é}e (O%T%%)Ofpolggu ﬁgé)’ Pn {ﬁgi‘gr?gle/ oLf (0%-1%) or thiosulfate in the range of
(0%-1.0%);
wherein the solution is isotonic or near isotonic; and,

wherein the solution is stable for at least four months.

2. The composition of claim 1, wherein said composition has an oxygen content in the range

of 0 uM to 5 pM, 0 uM to 3 pM, 0.01 pM to 1 pM, or 0.001 pM to 1 uM.

3. A sterile, stable pharmaceutical composition comprising:

a solution of deoxygenated water and Na,S,

wherein the Na,S produces HS,

wherein the solution has a pH in the range of 7.8 to 8.2;

wherein the solution has an osmolarity in the range of 250-330 mOsmol/L;

wherein the solution further comprises sulfide oxidation products selected from the
group consisting of polysulfide, sulfite, sulfate and thiosulfate;

wherein the oxidation products comprise 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%);

wherein the solution is stable for at least four months; and,

wherein the solution is isotonic or near isotonic.



wherein said solution further conprises sul fide oxidation products
selected fromthe group consisting of polysulfide, sulfite, sulfate
and thiosul fate; wherei n the oxidation products conprise
sulfate in the range of (0% 1.0%, suldite in the range of (0% 1.0%,

pol ysul 4i gestérfle} kgble anqmqihaﬁﬁ%e&%ai Qontpdki@ist | thaleeby fthd Bepd, aﬁ%yosfmtable
(0% 1.09; and, wherein said conposition is isotonic or near

| sot oni ‘éfder Somﬂ’ﬁ%n%orrpom tion of claim4, wherein the N2 is bubbled

t hrough t he e
concentrati 01?11 og é ﬁ%[}hmog Of{{éﬁs ngﬁggég\#aﬁg%ﬁ?% oﬁ' %%nﬁmgﬁm t%o’ dé%’éle‘l
mM or 9mdddidmzelSRateM 7. The conposition of claim4, wherein the
concentration of HS- is in the range of 1 mMto 250

0 MMto 200
M or 95 m RPIiBE Nava mRtnef dbfipgsi o ArmeHure) of Nﬁfmvévmgwshﬁh@ tsglution
concent%@ltefagﬂg%eﬁ-s thétﬂr&‘d&c@?HSa@ﬂ& of 1 Mto 250 MM 10 nMto 200

adjusting the pH of the solution to a pH in the range of 7.5 to 8.5 by adding HCI to the
solution;

wherein said solution has an osmolarity in the range of 250-330 mOsmol/L;

wherein said solution further comprises sulfide oxidation products selected from the
group consisting of polysulfide, sulfite, sulfate and thiosulfate;

wherein the oxidation products comprise 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%); and,

wherein said composition is isotonic or near isotonic.
5. The composition of claim 4, wherein the N3 is bubbled through the solution.

6. The composition of claim 3, wherein the concentration of HS is in the range of 1 mM to
250 mM, 10 mM to 200 mM or 95 mM to 150 mM.

7. The composition of claim 4, wherein the concentration of HS' is in the range of 1 mM to

250 mM, 10 mM to 200 mM or 95 mM to 150 mM.

8. The composition of claim 1, wherein the concentration of HS' is in the range of 1 mM to

250 mM, 10 mM to 200 mM or 95 mM to 150 mM.



