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(57) ABSTRACT 

NitroXyl donating compounds are administered prior to the 
onset of ischemia for the prevention and/or reduction of 
ischemia/reperfusion injury in subjects at risk for ischemia. 
NitroXyl donors also are administered to organs to be 
transplanted for the prevention and/or reduction of ischemia/ 
reperfusion injury upon reperfusion in a recipient. NitroXyl 
donors include any nitroXyl donating compound. In particu 
lar cases the nitroXyl donor is a nitroXyl-donating diaZeni 
umdiolate, such as Angeli’s salt or IPA/NO. 
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Fig. 5 Infarct size as percentage of at-risk area 
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METHOD OF TREATING 
ISCHEMIA/REPERFUSION INJURY WITH 

NITROXYL DONORS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of the earlier 
?ling dates of prior US. Provisional Patent Application No. 
60/388,819, ?led Jun. 14, 2002, and US. Provisional Patent 
Application No. 60/389,757, ?led Jun. 17, 2002. Applicants’ 
prior provisional applications are incorporated herein by 
reference. 

FIELD 

[0002] Compounds and compositions are disclosed that 
are useful to prevent or protect against injury caused by 
ischernia and reperfusion. 

BACKGROUND 

[0003] Ischernia is a condition characteriZed by an inter 
ruption or inadequate supply of blood to tissue, Which causes 
oxygen deprivation in the affected tissue. Myocardial 
ischernia is a condition caused by a blockage or constriction 
of one or more of the coronary arteries, such as can occur 
With atherosclerotic plaque occlusion or rupture. The block 
ade or constriction causes oxygen deprivation of the non 
perfused tissue, Which can cause tissue damage. Further, 
upon reperfusion With subsequent reoxygenation of the 
tissue, When the blood is able to floW again or the oxygen 
demand of the tissue subsides, additional injury can be 
caused by oxidative stress. 

[0004] Ischernia/reperfusion injury refers to tissue damage 
caused by oxygen deprivation folloWed by reoxygenation. 
The effects of ischernia/reperfusion injury in a subject 
experiencing the condition can be fatal, particularly When 
the injury occurs in a critical organ such as the heart or brain. 

[0005] Accordingly, compounds and compositions effec 
tive in preventing or protecting against ischernia/reperfusion 
Would be useful pharrnaceuticals. Cornpounds such as nitro 
glycerin have been used for a long period of time to help 
control vascular tone and protect against rnyocardial 
ischernia/reperfusion injury. HoWever, the cause of nitro 
glycerin’s therapeutic effect Was not knoWn until late in the 
last century When it Was discovered that the nitric oxide 
rnolecule (NO') Was responsible for nitroglycerin’s bene? 
cial effects. In fact, the Nobel PriZe Was aWarded in 1998 to 
three researchers Who discovered NO"s bene?cial effects. 

[0006] This discovery prornpted interest in medical uses 
for NO“ and investigations into related species such as 
nitroxyl (HNO/NO‘), the one-electron reduction product of 
NO“. Angeli’s salt (sodiurn trioxodinitrate or Na2N2O3) is a 
compound that decornposes to donate nitroxyl. FitZhugh & 
Keefer, “Forurn: Therapeutic Applications of Reactive Oxy 
gen and Nitrogen Species in Human Disease,”Free Radical 
Biology & Medicine, 28(10):1463-1469 (2000). US. Pat. 
No. 5,212,204 describes the vasodilating properties of NO“ 
and discloses a pharmaceutical composition consisting 
essentially of Angeli’s salt and a pharrnaceutically accept 
able sterile carrier, Which the patent states can be useful to 
treat cardiac diseases that Would respond favorably to a 
decrease in blood pressure, such as hypertension. 
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[0007] HoWever, experirnents testing the ability of Ange 
li’s salt to prevent or protect against ischernia/reperfusion 
injury demonstrated that NO“ increases ischernia/reperfu 
sion injury. For example, Ma et al., “Opposite Effects of 
Nitric Oxide and Nitroxyl on Postischernic Myocardial 
Injury,”Proc. Nat’lAcad. Sci., 96(25): 14617-14622 (1999) 
reported that administration of Angeli’s salt to anesthetiZed 
rabbits during ischernia and 5 minutes prior to reperfusion 
increased rnyocardial ischernia/reperfusion injury. Also, 
Takahira et al., “Dexarnethasone Attenuates Neutrophil 
In?ltration in the Rat Kidney in Ischernia/Reperfusion 
Injury: The Possible Role of Nitroxyl,”Free Radical Biology 
& Medicine, 31(6):809-815 (2001) reported that adminis 
tration of Angeli’s Salt during ischernia and 5 minutes 
before reperfusion of rat renal tissue contributed to neutro 
phil in?ltration into the tissue, Which is believed to mediate 
ischernia/reperfusion injury. 
[0008] Thus, no effective therapy using nitroxyl to prevent 
or protect against ischernia/reperfusion injury has been 
developed. 

SUMMARY 

[0009] The inventors have discovered that administration 
of a nitroxyl donating cornpound, prior to ischernia, can 
attenuate ischernia/reperfusion injury to tissues, for 
example, rnyocardial tissues. This bene?cial effect is a 
surprising result given that nitroxyl Was previously reported 
to increase ischernia/reperfusion injury. In particular, it has 
been demonstrated that pre-ischernic administration of 
Angeli’s salt and isopropylamine/NO can prevent or reduce 
ischernia/reperfusion injury. 
[0010] The bene?cial effect appears to be dependent on 
the timing of administration. In previous studies, discussed 
above, a nitroxyl donor was administered after the onset of 
ischernia. The results demonstrated that nitroxyl increased 
the injury resulting from ischernia and reperfusion. HoW 
ever, When administered prior to an ischernic event, nitroxyl 
unexpectedly protects tissue from damage associated With 
ischernia and reperfusion. 

[0011] Accordingly, nitroxyl donating compounds such as 
Angeli’s salt (Which decornposes to HNO/NO‘) are useful 
treatrnent agents to prevent or protect against ischernia/ 
reperfusion injury. In particular, these agents are bene?cial 
for subjects at risk for an ischernic event. Thus, provided 
herein is a method of preventing or reducing the injury 
associated With ischernia/reperfusion by administering a 
therapeutically effective dose of at least one nitroxyl donat 
ing compound to a subject prior to the onset of ischernia. 
Also provided is a similar method in Which the subject is 
demonstrated to be at risk for an ischernic event. Also 
disclosed is a method of administering nitroxyl to an organ 
that is to be transplanted in a dose effective to reduce 
ischernia/reperfusion injury to the tissues of the organ upon 
reperfusion in the recipient of the transplanted organ. 

[0012] These and other features, aspects, and advantages 
of the disclosed method will become more apparent and 
better understood With regard to the folloWing ?gures and 
description. 

BRIEF DESCRIPTION OF THE FIGURES 

[0013] FIG. 1 shoWs the timing of interventions With 
control; Angeli’s salt (AS); diethylarnine/NO (DEA/NO); 
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ischemic preconditioning (IPC); vehicle; N-acetyl-L-cys 
teine (NAC); and NAC+AS, in relation to stabilization, 
Washout (WO), the onset of ischemia (black shaded sec 
tions), and reperfusion in the protocols for Which results are 
shoWn in the following ?gures. 

[0014] FIG. 2A is a graph shoWing the change in left 
ventricular end-diastolic pressure (LVEDP) betWeen pre 
ischemic values and the end of the 30 minute ischemia for 
interventions in isolated rats hearts With control; AS; DEA/ 
NO; IPC; vehicle; NAC; and NAC+AS. 

[0015] FIG. 2B is a graph shoWing the change in LVEDP 
betWeen the peak level at reperfusion and the pre-ischemic 
values for interventions in the same isolated rat hearts as in 
FIG. 2A. Data are meanszSEM. *p<0.05 and ** p<0.01 vs. 
controls; # p<0.05 vs. IPC. NS=not signi?cant. 

[0016] FIG. 3A is a graph shoWing the post-ischemic 
recovery of developed left ventricular pressure (LVP) for 
interventions in the same isolated rat hearts as in FIG. 2. 

[0017] FIG. 3B is a graph shoWing the recovery of maXi 
mum rate of increase in LVP during systole (dP/dtmax) 
folloWing 30 min global, no-?oW ischemia and 30 min 
reperfusion for the same isolated rat hearts as in FIG. 2. 
Data are IIICZIHSISEM. * p<0.05 vs. controls. 

[0018] FIG. 4A is a graph shoWing post-ischemic leakage 
of lactate dehydrogenase (LDH) folloWing 30 min of global 
ischemia and 30 min reperfusion for the same isolated rat 
hearts as FIG. 2. 

[0019] FIG. 4B shoWs infarct siZe (IS) folloWing 30 min 
of global ischemia and 30 min reperfusion for the same 
isolated rat hearts as in FIG. 2. LV=left ventricle. Data are 
IIICZIHSISEM. * p<0.05 vs. vehicle group, # p<0.05 vs. IPC, 
§ p<0.05 vs. AS; NS=not signi?cant. 

[0020] FIG. 5 is a graph shoWing infarct siZe folloWing 30 
min of global ischemia and 30 min reperfusion for inter 
ventions in a different set of isolated rat hearts for interven 
tions With control; ischemic preconditioning (IP); IPA/NO; 
AS; and DEA/NO. 

[0021] FIG. 6 is a graph shoWing the coronary perfusion 
pressures for the IPA/NO intervention of FIG. 5 and an 
intervention in an isolated rat heart With a vehicle for the 
same protocol as Was used With AS and vehicle in FIG. 1. 
IPA/N O is represented by diamonds; vehicle is represented 
by squares. 

DETAILED DESCRIPTION 

[0022] A “subject” is an animal, such as a mammal, for 
eXample, a human. 

[0023] “NitroXyl” is HNO/NO‘. 

[0024] 
[0025] A “nitroXyl donor” is an agent or compound (or 
combination of agents or compounds) that donates nitroXyl. 

[0026] “NitroXyl donation pH” is the pH at Which and 
above Which a nitroXyl-donating compound donates 
nitroXyl. 

[0027] “Aliphatic” refers to substituted or unsubstituted 
alkanes, alkenes, alkynes, their cycloalkyl analogs, and 
combinations thereof. 

“NO'” is the free radical nitric oxide. 
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[0028] “Aryl” refers to substituted or unsubstituted hydro 
carbon groups forming aromatic rings, such as phenyl, 
naphthyl, pyrrolyl, pyridinyl, quinolinyl, and isoquinolinyl. 

[0029] “Aryl-aliphatic” refers to any aryl group substi 
tuted by an aliphatic group, such as alkyl, for eXample a 
loWer alkyl (also referred to as arylalkyl). 

[0030] “Alkyl” refers to branched and straight chain 
hydrocarbons. 

[0031] “LoWer alkyl” refers to branched and straight chain 
hydrocarbons of from one to ten carbons inclusive, and is 
exempli?ed by such groups as propyl, isopropyl, butyl, 
2-butyl, t-butyl, amyl, isoamyl, heXyl, heptyl, and octyl. 

[0032] “Cycloalkyl” refers to cyclic alkanes, for eXample 
those having from one to ten carbons, such as cyclopropyl, 
cyclopentyl, cycloheXyl, cycloheptyl, and cyclooctyl. 

[0033] An NSAID is a non-steroidal anti-in?ammatory 
drug, such as, for eXample salicylic acid derivatives (for 
eXample, acetylsalicylic acid, di?unisal, salicylsalicylic 
acid), pyraZolon derivatives (for eXample, phenylbutaZone, 
oXyphenbutaZone, antipyrine and aminopyrine), para-ami 
nophenol derivatives (for eXample, phenacetin and its active 
metabolite acetominaphin), propionic acid derivatives (for 
eXample, ibuprofen, naproXen, and ?urbiprofen), celocoXib 
and rofecoXib. 

[0034] A “biomolecule” is an organic molecule, Whether 
naturally occurring, recombinantly produced, or chemically 
synthesized in Whole or in part, that is, Was or can be a part 
of a living organism. The term encompasses, for eXample, 
nucleotides, nucleosides, amino acids and monosaccharides, 
as Well as oligomeric and polymeric species such as oligo 
nucleotides and polynucleotides, peptidic molecules such as 
oligopeptides, polypeptides and proteins, saccharides such 
as disaccharides, oligosaccharides, polysaccharides, muco 
polysaccharides and peptidoglycans (peptido-polysaccha 
rides). In particular cases, the biomolecule has an affinity for 
the cells of particular tissues, such as a neuropeptide, for 
eXample calcitonin gene related peptide (CGRP). 

[0035] “Amine” or “amine group” refers to primary 
(NHR) or secondary (NR2) groups Wherein R1 and R2 are 
organic groups such as aliphatic, aryl, or aryl-aliphatic 
substituted or unsubstituted hydrocarbons, NSAIDS, and 
biomolecules. 

[0036] “Substituted” refers to the attachment of one or 
more organic substituents to a particular group, such as 
attachment of an aliphatic, aryl, or aryl-aliphatic substituted 
or unsubstituted hydrocarbon, or an inorganic group such as 
a halogen group, for eXample I, Br, Cl, or F, or a nitro (N02) 
group. 

[0037] “Unsubstituted” refers to a group that does not 
have additional substituents. 

[0038] A “pharmaceutically acceptable cation” refers to 
any cation that does not render the compound unstable or 
toXic at contemplated dosages. Typically the cation is a 
group 1 or group 2 ion, such as sodium, potassium, calcium, 
and magnesium, for eXample, Na”, K", Ca2+, and Mg”. 

[0039] A “therapeutically effective dose” is a dose that 
prevents or reduces tissue injury folloWing ischemia and 
reperfusion. 
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[0040] “Organ” means a part of an animal, such as a 
mammal, for example a human, Which is composed of 
several tissues and adapted to perform a speci?c function or 
functions. Examples of organs include the heart, lung, 
kidney, and liver. 

[0041] “Transplanting an organ” means removing an 
organ from one individual (knoWn as the donor) and insert 
ing the organ into a different individual (knoWn as the 
recipient). 

[0042] Nitroxyl can be provided directly as HNO/NO', 
but typically is provided With the use of a nitroxyl donor. 

[0043] In some examples the nitroxyl donor is a nitroxyl 
donating diaZeniumdiolate. A diaZeniumdiolate is a com 
pound having the formula J-N(O)NO Wherein J is any 
moiety. These compounds are generally knoWn as diaZeni 
umdiolates because they contain the N-oxy-N-nitroso 
(NONO) complex. Some diaZeniumdiolates donate nitroxyl. 
These are referred to as nitroxyl-donating diaZeniumdi 
olates. Such compounds include any compound Where J is 
any moiety such that the compound donates nitroxyl. 
Examples of such compounds used in the disclosed methods 
have the formula: 

[0044] Wherein J is oxide (0'), sul?te (SO3_), amine, an 
NSAID, an aliphatic, aryl, or aryl-aliphatic substituted or 
unsubstituted hydrocarbon, or a biomolecule, and MC+X is a 
pharmaceutically acceptable cation, Wherein x is the valence 
of the cation, and c is the smallest integer that results in a 
neutral compound. Examples of these compounds include 
Angeli’s salt, Where J is oxide, and sul?/NO, Where J is 
sul?te. In some speci?c cases J is alkyl, such as, loWer alkyl, 
for example methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, secondary-butyl, tertiary butyl (t-butyl), cyclo 
proyl, or cyclobutyl. In other cases J is aryl, for example 
phenyl. 

[0045] Further examples of nitroxyl-donating diaZenium 
diolates include diaZeniumdiolates Where J is an amine, for 
example a primary amine group (RNH) (a primary amine 
diaZeniumdiolate). Examples of these compounds for use in 
the disclosed methods have the formula: 

[0046] Where R is an aliphatic, aryl, or aryl-aliphatic 
substituted or unsubstituted hydrocarbon, an NSAID, or a 

biomolecule, and MC+X is a pharmaceutically acceptable 
cation, Wherein x is the valence of the cation, and c is the 
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smallest integer that results in a neutral compound. In some 
instances R is alkyl, for example, loWer alkyl, such as 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, second 
ary-butyl, tertiary butyl (t-butyl), cycloproyl, and cyclobu 
tyl. In speci?c cases, R is isopropyl (IPA/N O) or t-butyl. In 
some cases R is aryl, for example phenyl. In still other cases 
R is aryl-aliphatic, Where the aliphatic portion is alkyl, such 
as loWer alkyl, for example ethylbenZene, n-propylbenZene, 
or isobutylbenZene. In speci?c cases, R is substituted With 
one or more inorganic groups, such as halogen groups, for 
example I, Br, C1, or F, or nitro groups. For example, in some 
cases R is F substituted isopropyl, such as Where R is 

(CH3CH2F)CH2—), (CH2F)2CH2—), (CHF2)2CH2—), or 
(CF3)2CH2—). In other speci?c cases R is an NSAID. 

[0047] In general, nitroxyl-donating diaZeniumdolates 
donate both nitroxyl and NO‘. Nitroxyl versus NO- dona 
tion by nitroxyl-donating diaZeniumdiolates depends on the 
pH of the environment. The higher the pH the more likely 
the compound is to donate nitroxyl. Each nitroxyl-donating 
diaZeniumdiolate donates nitroxyl at basic conditions (pH 
greater than 7, for example from a pH of greater than 7 to 
about 10). HoWever, nitroxyl donation also occurs at acidic 
conditions (pH of less than 7) and neutral (pH of 7) 
conditions. For example, Angeli’s salt donates nitroxyl at a 
pH of about 3 and greater, for example from a pH of about 
3 to about 10. IPA/NO donates nitroxyl at a pH of about 5.5 
and greater, for example from a pH of about 5.5 to about 10. 
For diaZeniumdiolates, such as IPA/N O Where J is a primary 
amine group (RNH), the nitroxyl donation pH is loWer for 
compounds having larger R groups and/or With R groups 
having electron WithdraWing groups such as halogen sub 
stituents. For example, the nitroxyl donation pH Where R is 
t-butyl is loWer than the nitroxyl donation pH Where R is 
isopropyl. Also, the nitroxyl donation pH Where R is iso 
propyl and has one or more halogen substituents, such as F, 
on one or more of the methyl branches, is loWer than the 
nitroxyl donation pH Where R simply is isopropyl. As human 
blood pH typically is about pH 7.3 to 7.4 the nitroxyl 
donation pH of the nitroxyl-donating diaZeniumdiolates 
rarely Will be of concern When such compounds are admin 
istered parenterally into the blood or perfused into an organ 
at normal physiologic pH. 

[0048] HoWever, if pH may be of concern, a nitroxyl 
donating diaZeniumdiolate With a donation pH beloW the 
expected pH of the site to be treated is used. Such a 
compound is selected based on the discussion above con 
cerning the nitroxyl donation pHs of various compounds 
and/or by testing the compound for its nitroxyl donation pH 
as discussed beloW. Alternatively, the nitroxyl-donating dia 
Zeniumdiolate is administered in a buffered solution, such as 
With phosphate buffered saline. 

[0049] In other cases the nitroxyl donor is a nitroxyl 
donating S-nitrosothiol (RSNO), such as S-nitroso-L-cys 
teine ethyl ester, S-nitroso-L-cysteine, S-nitroso-glu 
tathione, S-nitroso-N-acetyl-cysteine, S-nitroso-3 
mercaptoethanol, S-nitroso-3-mercaptopropanoic acid, 
S-nitroso-2-aminonethanethiol, S-nitroso-N-acetyl penicil 
lamine (SNAP), S-nitrosocaptopril. Wang et al., “New 
chemical and biological aspects of S-nitrosothiols,”Curr. 
Med. Chem, 7(8):821-34 (2000), describes nitroxyl forma 
tion from heterolytic decomposition of S-nitrosothiol com 
pounds. In particular, S-nitrosoglutathione has been reported 
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as capable of being reduced to nitroxyl in the presence of 
thiols. Hogg et a1., Biochem. J, 323:477-481 (1997). 

[0050] In other cases, the nitroxyl donor is a nitroxyl 
donating hydroxamic acid (X(=O)NHOH). For example, 
Piloty’s acid (benZenesulfohydroxamic acid; 
(C6H5S(O)(O)NHOH)) is used as the nitroxyl donor. In 
some cases other hydroxamic acids that donate nitroxyl, 
such as other sulfohyrdroxamic acids and their derivatives 
are used as nitroxyl donors. In certain speci?c cases, the 
nitroxyl donor excludes Piloty’s acid. 

[0051] In still other cases, the nitroxyl donor is a nitroxyl 
donating thionitrate having the formula (R—(S)—NO2), 
Wherein R is a polypeptide, an amino acid, a sugar, a 
modi?ed or unmodi?ed oligonucleotide, a straight or 
branched, saturated or unsaturated, aliphatic or aromatic, 
substituted or unsubstituted hydrocarbon. In particular 
cases, such compounds that form disul?de species are used 
as nitroxyl donors. 

[0052] In other instances the nitroxyl donor is a nitroxyl 
donating oxime having the formula (R1R2C=NOH) 
Wherein R1 and R2 are, for example, hydrogen, or an ali 
phatic, aryl, or aryl-aliphatic substituted or unsubstituted 
hydrocarbon, for example Where R1 and R2 are lower alkyl. 

[0053] In some instances the nitroxyl donor is an analog 
and/or derivative of another nitroxyl donating compound, 
such as those described above. An analog is a molecule that 
differs in chemical structure from a parent compound, for 
example a homolog (differing by an increment in the chemi 
cal structure, such as a difference in the length of an alkyl 
chain), a molecular fragment, a structure that differs by one 
or more functional groups, or a change in ioniZation. Struc 
tural analogs are often found using quantitative structure 
activity relationships (QSAR), With technologies such as 
those disclosed in Remington: The Science and Practice of 
Pharmacology, 19th Edition (1995), chapter 28. A derivative 
is a biologically active molecule derived from the base 
structure. 

[0054] Any other nitroxyl donor can be used. One source 
helpful for determining nitroxyl donors is METHODS IN 
NITRIC OXIDE RESEARCH (Feelish M. & Stamler J. 
eds.) John Wiley & Sons, NeW York (1996). 

[0055] Further, compounds are easily tested for nitroxyl 
donation With routine experiments. Although it is impracti 
cal to directly measure Whether nitroxyl is donated, several 
tests are accepted for determining Whether a compound 
donates nitroxyl. For example, the compound of interest can 
be placed in solution, for example in Water, in a sealed 
container. After suf?cient time for disassociation has 
elapsed, such as from several minutes to several hours, the 
headspace gas is WithdraWn and analyZed to determine its 
composition, such as by gas chromatography and/or mass 
spectroscopy. If the gas primarily is N20, the test is positive 
for nitroxyl donation and the compound is a nitroxyl donor. 
Nitroxyl donation also can be detected by exposing the 
target donor to metmyoglobin (Mb3+). Nitroxyl reacts With 
Mb3+ to form an Mb2+-NO complex, Which can be detected 
by changes in the ultraviolet/visible spectrum or by Electron 
Paramagnetic Resonance (EPR). The Mb2+-NO complex 
has a EPR signal centred around a g-value of about 2. Nitric 
oxide, on the other hand, reacts With Mb3+ to form an 
Mb3+-NO complex that is EPR silent. Accordingly, if the 
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candidate compound reacts With Mb3+ to form a complex 
detectable by common methods such as ultraviolet/visible or 
EPR, then the test is positive for nitroxyl donatation. 

[0056] Testing for nitroxyl donation in some cases is 
performed at a range of pHs to determine the nitroxyl 
donation pH of the nitroxyl-donating compound. For 
example, nitroxyl donation can be tested at a range of pHs 
such as 1, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, and so on. The 
lowest pH at Which nitroxyl donation occurs is considered 
the nitroxyl donation pH. After the lowest pH at Which 
nitroxyl donation occurs in a ?rst set of tests is found, 
additional tests can be performed With narroWer ranges of 
pH around the ?rst determined nitroxyl donation pH to 
obtain a more speci?c nitroxyl donation pH. Alternatively, a 
nitroxyl donation test could be performed at an initial pH at 
Which nitroxyl donation is knoWn to occur While performing 
titration With acid to determine the pH at Which nitroxyl 
donation ceases. 

[0057] Nitroxyl donors are used to prevent or reduce the 
injury associated With future ischemia/reperfusion. For 
example, administration of nitroxyl prior to the onset of 
ischemia can reduce tissue necrosis (the siZe of infarct) in 
at-risk tissues by about 35% or more, such as from about 
35% to about 55%, for example from about 40% to about 
50%. In live subjects this is accomplished by administering 
a therapeutically effective dose of a pharmaceutical compo 
sition comprising at least one nitroxyl donating compound to 
a subject prior to the onset of ischemia. In organs to be 
transplanted this is accomplished by administering a dose of 
at least one nitroxyl donating compound to the organ prior 
to reperfusion of the organ in the transplant recipient in a 
dose effective to prevent or reduce ischemia/reperfusion 
injury upon reperfusion of the organ in the recipient. Com 
positions comprising more than one nitroxyl-donating com 
pound also could be used, for example, Angeli’s salt and 
another diaZeniumdiolate that dissociates to generate 
nitroxyl could be used, such as IPA/N O. The nitroxyl 
donating compound also can be used in combination With 
other classes of therapeutic agents that are designed to 
minimiZe ischemic injury, such as beta blockers, calcium 
channel blockers, anti-platelet therapy or other interventions 
for protecting the myocardium in individuals With coronary 
artery disease. 

[0058] The method of administering nitroxyl to live sub 
jects includes administration of the nitroxyl-donating com 
pound prior to the onset of ischemia. This refers only to the 
onset of each instance of ischemia and Would not preclude 
performance of the method With subjects Who have had prior 
ischemic events, i.e., the method also contemplates admin 
istration of nitroxyl-donating compounds to a subject Who 
has had an ischemic event in the past. 

[0059] Individuals can be selected Who are at risk of a ?rst 
or subsequent ischemic event. Examples include individuals 
With knoWn hypercholesterolemia, EKG changes associated 
With risk of ischemia, sedentary lifestyle, angiographic 
evidence of partial coronary artery obstruction, echocardio 
graphic evidence of myocardial damage, or any other evi 
dence of a risk for a future or additional ischemic event (for 
example a myocardial ischemic event, such as a myocardial 
infarction (MI), or a neurovascular ischemia such as a 
cerebrovascular accident CVA). In particular examples of 
the method, subjects Would be selected for treatment Who 
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are at risk of future ischemia, but Who have no present 
evidence of ischemia (such as electrocardiographic changes 
associated With ischemia (for example, peaked or inverted 
T-Waves or ST segment elevations or depression in an 
appropriate clinical context), elevated CKMB, or clinical 
evidence of ischemia such as crushing sub-sternal chest pain 
or arm pain, shortness of breath and/or diaphoresis). The 
nitroxyl-donating compound also could be administered 
prior to procedures in Which myocardial ischemia may 
occur, for example an angioplasty or surgery (such as a 
coronary artery bypass graft surgery). Administration of an 
ischemia-reperfusion injury reducing compound could be 
particularly bene?cial for individuals at risk for an ischemic 
event. Thus, a method similar to the method described above 
is provided in Which the nitroxyl-donating compound is 
administered to a subject at demonstrated risk for an 
ischemic event. The selection of a subject With such a status 
could be performed by a variety of methods, some of Which 
are noted above. For example, an individual With one of 
more of an abnormal EKG not associated With active 
ischemia, prior history of myocardial infarction, elevated 
serum cholesterol, etc., Would be at risk for an ischemic 
event. Thus, an at-risk subject could be selected by physical 
testing or eliciting the potential subject’s medical history to 
determine Whether the subject has any indications of risk for 
an ischemic event. If risk is demonstrated based on the 
indications discussed above, or any other indications that 
one skilled in the art Would appreciate, then the subject 
Would be considered at demonstrated risk for an ischemic 
event. 

[0060] Ischemia/reperfusion may damage tissues other 
than those of the myocardium. The method provided could 
be useful in reducing injury from ishemia/reperfusion in the 
tissue of the brain, liver, gut, kidney, boWel, or in any other 
tissue. Selecting a person at risk for non-myocardial 
ischemia could include a determination of the indicators 
used to assess risk for myocardial ischemia. HoWever, other 
factors may indicate a risk for ischemia/reperfusion in other 
tissues. For example, surgery patients often experience 
surgery related ischemia. Thus, subjects scheduled for sur 
gery could be considered at risk for an ischemic event. The 
folloWing risk factors for stroke (or a subset of these risk 
factors) Would demonstrate a subject’s risk for ischemia of 
brain tissue: hypertension, cigarette smoking, carotid artery 
stenosis, physical inactivity, diabetes mellitus, hyperlipi 
demia, transient ischemic attack, atrial ?brillation, coronary 
artery disease, congestive heart failure, past myocardial 
infarction, left ventricular dysfunction With mural thrombus, 
and mitral stenosis. Ingall, “Preventing ischemic stroke: 
current approaches to primary and secondary prevention, 
”Postgrad. Med, 107(6):34-50 (2000). Further, complica 
tions of untreated infectious diarrhea in the elderly can 
include myocardial, renal, cerebrovascular and intestinal 
ischemia. SlotWiner-Nie & Brandt, “Infectious diarrhea in 
the elderly,” Gastroenterol, Clin. N. Am., 30(3):625-635 
(2001). Alternatively, subjects could be selected based on 
risk factors for ischemic boWel, kidney or liver disease. For 
example, treatment Would be initiated in elderly subjects at 
risk of hypotensive episodes (such as surgical blood loss). 
Thus, subjects presenting With such an indication Would be 
considered at risk for an ischemic event. Also, other condi 
tions that may result in ischemia such as cerebral arterio 
venous malformation Would be considered to demonstrate 
risk for an ischemic event. 
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[0061] The method of administering nitroxyl to organs to 
be transplanted includes administration of nitroxyl prior to 
removal of the organ from the donor, for example through 
the perfusion cannulas used in the organ removal process. If 
the organ donor is a live donor, for example a kidney donor, 
the nitroxyl donor can be administered to the organ donor as 
described above for a subject at risk for an ischemic event. 
In other cases the nitroxyl donor can be administered by 
storing the organ in a solution comprising the nitroxyl donor. 
For example, the nitroxyl donor can be included in the organ 
preservation solution, such as University of Wisconsin 
“UW” solution, Which is a solution comprising hydroxy 
ethyl starch substantially free of ethylene glycol, ethylene 
chlorohydrin and acetone (see US. Pat. No. 4,798,824). 

[0062] In particular embodiments, the nitroxyl donating 
compound is nitroxyl-donating diaZeniumdiolate, such as 
Angeli’s salt. In some cases the nitroxyl-donating diaZeni 
umdiolate is a primary amine diaZeniumdiolate, such as 
IPA/NO. HoWever, any nitroxyl donor having a safety 
pro?le indicating the compound Would be tolerated by a 
subject in the amount necessary to achieve a therapeutic 
effect may be used, including those described above. One of 
ordinary skill in the art Would be able to determine the safety 
of administering particular compounds and dosages to live 
subjects. 
[0063] The nitroxyl donating compound can be adminis 
tered in the form of a pharmaceutical composition. A phar 
maceutical composition comprising an effective amount of 
the nitroxyl donating compound as an active ingredient 
could be easily prepared by standard procedures Well knoWn 
in the art, With pharmaceutically acceptable non-toxic sol 
vents and/or sterile carriers, if necessary. 

[0064] Nitroxyl donors could be administered, for 
example, orally or parenterally. In some cases, nitroxyl 
donors are administered directly to tissue that is desired to 
be protected from ischemia/reperfusion, such as by injection 
or by bathing the tissue in a solution including nitroxyl 
donors. 

[0065] The dose of the nitroxyl donating compound 
administered to live subjects is a therapeutically effective 
dose. The dose of the nitroxyl donating compound admin 
istered to organs to be transplanted is a dose effective to 
prevent or reduce ischemia/reperfusion injury folloWing 
reperfusion of the organ in the recipient. OptimiZing therapy 
to be effective across a broad population can be performed 
With a careful understanding of various factors to determine 
the appropriate therapeutic dose, in vieW of the inventors’ 
disclosure that these agents confer a protective effect if 
administered prior to onset of ischemia. Additional guidance 
is provided by the inventors’ disclosure that concentrations 
of about 1 pM of agents donating 1 mole of nitroxyl per mole 
of agent Were effective in the methods disclosed. Thus doses 
of nitroxyl donors achieving such a concentration in the 
tissue to be treated can be used. HoWever, the doses con 
templated for use in the disclosed methods are not limited to 
this concentration and can be higher or loWer. For example, 
doses ranging from about 0.5 to about 10,000 pig/kg (body 
Weight) or more can be used, such as from about 1 pig/kg to 
about 1000 pig/kg. 

EXAMPLE 1 

[0066] The folloWing non-limiting example demonstrates 
that infusion of Angeli’s salt, exerts protective effects 
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against ischemia/reperfusion injury. When compared to 
equimolar concentration of a pure NO donor (i.e. DEA/N O), 
the overall protective effect produced by Angeli’s Salt 
infusion against reperfusion injury Was more pronounced. 

[0067] Methods 

[0068] Animals. Male Wistar rats (n=84; body-Weight 
450-550 g) Were housed in identical cages and Were alloWed 
access to tap Water and a standard rodent diet ad libitum. 

[0069] Isolated heart perfusion. Each animal Was anesthe 
tiZed With 1 g/kg urethane ip 10 min after heparin (2,500 
U, treatment. The chest Was opened, and the heart Was 
rapidly excised, placed in ice-cold buffer solution and 
Weighed. Isolated rat hearts Were attached to the perfusion 
apparatus and retrogradely perfused With oxygenated buffer 
solution at 37° C. The hearts Were instrumented as previ 
ously described in Rastaldo et al., “P-450 metabolite of 
arachidonic acid mediates bradykinin-induced negative ino 
tropic effect,”Am. J. PhysioL, 280:H2823-H2832 (2001), 
and Paolocci et al. “cGMP-independent inotropic effects of 
nitric oxide and peroxynitrite donors: potential role for 
nitrosylation,”Am. J. PhysioL, 279: H1982-H1988 (2000). 
The How Was maintained constant (912 mL/min/g Wet 
Weight) to reach a typical coronary perfusion pressure of 
85-90 mm Hg. Aconstant proportion of 10% of the How rate 
Was applied by means of one of tWo perfusion pumps 
(Terumo, Tokyo, Japan) using a 50 mL syringe connected to 
the aortic cannula. Drug applications (see Experimental 
Protocols) Were performed by sWitching from the syringe 
containing buffer alone to the syringe of the other pump 
containing the drug dissolved in the vehicle at a concentra 
tion 10>< to the desired ?nal concentration in the heart. A 
small hole in the left ventricular Wall alloWed drainage of the 
thebesian ?oW, and a polyvinyl-chloride balloon Was placed 
into the left ventricle and connected to an electromanometer 
for recording of left ventricular pressure (LVP). The hearts 
Were electrically paced at 280-300 bpm and kept in a 
temperature-controlled chamber (37° C.). Coronary perfu 
sion pressure (CPP) and coronary How were monitored With 
a second electromanometer and an electromagnetic ?oW 
probe, respectively, both placed along the perfusion line. 
Left ventricular pressure, coronary How and coronary per 
fusion pressure Were recorded using a TEAC R-71 recorder, 
digitiZed at 1000 HZ and analyZed off-line With DataQ 
Instruments/CODAS softWare, Which alloWed quanti?cation 
of the maximum rate of increase of LVP during systole 
(dP/dt 
[0070] Hearts Were perfused With Krebs-Henseleit solu 
tion gassed With 95% O2 and 5% CO2 of the folloWing 
composition: 17.7 mM sodium bicarbonate, 127 mM NaCl, 
5.1 mM KCl, 1.5 mM CaCl2, 1.26 mM MgCl2, 11 mM 
D-glucose, supplemented With 5 pg/mL lidocaine. 

rnaX) ' 

[0071] Experimental Compounds. The nitroxyl donor 
Angeli’s salt (AS) (sodium trioxodinitrate, Na2N2O3) Was 
obtained from Dr. Jon Fukuto (University of California, Los 
Angeles, Calif.). The NO donor DEA/N O 
(NaEt2NN(O)NO) Was synthesiZed as previously described 
by Maragos et al., “Complexes of NO With nucleophiles as 
agents for the controlled biological release of nitric oxide,”J. 
Med. Chem. 34:3242-3247 (1991). Stock solutions (100 mM 
in 10 mM NaOH) of these compounds Were diluted in buffer 
immediately prior to use. All other chemicals Were pur 
chased from Sigma (Milan, Italy). 
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[0072] Experimental Protocols. Hearts Were alloWed to 
stabiliZe for 30 min, and baseline parameters Were recorded. 
Typically, coronary How Was adjusted Within the ?rst 10 min 
and kept constant from thereon. After 30 min stabiliZation, 
hearts Were randomly assigned to one of the treatment 
groups reported beloW (n=12 in each group), and then 
subjected to 30 min global, no-?oW ischemia, folloWed by 
30 min of reperfusion (I/R) (see FIG. 1). Pacing of the hearts 
Was stopped at the beginning of the ischemic period and 
restarted after the third minute of reperfusion. 

[0073] Hearts in the control group (Group 1) Were per 
fused With buffer for an additional 29 min after stabiliZation. 
Group 2 hearts Were exposed to AS (1 pM ?nal concentra 
tion) for 19 min folloWed by a 10 min buffer Wash-out 
period. Group 3 hearts Were exposed to DEA/NO (0.5 pM 
?nal concentration) administered in the same manner as AS. 
The concentration of DEA/NO Was only one half of that of 
AS since DEA/NO releases up to tWo moles of NO- per 
mole of donor molecule. In Group 4, a train of three cycles 
of 3 min global ischemia folloWed by 5 min of reperfusion 
Was applied after the stabiliZation phase, folloWed by a ?nal 
10 min buffer Wash-out period (IPC protocol). 

[0074] Group 5 hearts Were exposed to the vehicle 
(NaOH, ?nal concentration 100 nM) used to dissolve both 
AS and DEA/NO. To test the in?uence of sWitching the 
myocardial redox state on AS-induced effects, in an addi 
tional group of hearts (Group 6) AS Was co-infused With 
N-acetyl-L-cysteine (NAC, 4 mM ?nal concentration). For 
comparison, hearts Were also exposed to NAC alone (Group 
7). The NAC dose Was identical to the one previously shoWn 
to block IPC effects in isolated rat hearts by Chen et al., “A 
redox-based mechanism for cardioprotection induced by 
ischemic preconditioning in perfused rat hearts,”Circ. Res., 
77(2):424-9 (1995), and Was able to prevent IPC effects in 
the present study as Well (data not shoWn). In all hearts 
pacing Was suspended at the onset of ischemia and restarted 
3 minutes folloWing reperfusion. As isolated heart prepara 
tions may deteriorate over time (typically after 2-2.5 hrs 
perfusion), in the present study the re-?oW duration Was 
limited to 30 min in order to minimiZe the effects produced 
by crystalloid perfusion on heart performance, and consis 
tently With other reports. 

[0075] Assessment of ventricular function. To obtain the 
maximal developed LVP, the volume of the intra-ventricular 
balloon Was adjusted to an end-diastolic LVP of 10 mm Hg 
during the stabiliZation period, as reported in Paolocci, 
supra, and Hare et al., “Pertussis toxin-sensitive G proteins 
in?uence nitric oxide synthase III activity and protein levels 
in rat hearts,”J. Clin. Invest, 101:1424-31 (1998). Changes 
in developed LVP, dP/dtrnaX and the end-diastolic value 
induced by the I/R protocol Were continuously monitored. 
The difference betWeen the end-diastolic LVP (EDLVP) 
before the end of the ischemic period and during pre 
ischemic conditions Was used as an index of the extent of 
contracture development. Maximal recovery of developed 
LVP and dP/dtrnaX during reperfusion Was compared With 
respective pre-ischemic values. 

[0076] Assessment of myocardial injury. EnZyme release 
is a measure of severe myocardial injury that has yet to 
progress to irreversible cell injury. Samples of coronary 
effluent (2 mL) Were WithdraWn With a catheter inserted into 
the right ventricle via the pulmonary artery. Samples Were 
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taken immediately before ischemia and at 3, 6, 10, 20 and 30 
min of reperfusion. LDH release Was measured as previ 
ously described by Bergmeyer & Bernt, “Methods of EnZy 
matic Analysis,”Verlag Chemie (1974). Data are expressed 
as cumulative values for the entire re?oW period. 

[0077] To corroborate the data relative to myocardial 
injury, determined by LDH release, infarct areas Were also 
assessed in a blinded fashion. At the end of the course (30 
min reperfusion), each heart Was rapidly removed from the 
perfusion apparatus, and the LV dissected into 2-3 mm 
circumferential slices. Following 15 min of incubation at 
37° C. in 0.1% solution of nitro blue tetraZolium in phos 
phate buffer as described in Ma et al., “Opposite effects of 
nitric oxide and nitroxyl on postischemic myocardial injury, 
”Proc. Natl. Acad. Sci, 96:14617-14622 (1999), unstained 
necrotic tissue Was separated from the stained viable tissue. 
The areas of viable and necrotic tissue Were carefully 
separate by and independent observer (D. Mancardi, C. 
Penna, or R. Rastaldo) Who Was not aWare of the origin of 
the hearts. The Weight of the necrotic and non-necrotic 
tissues Was then determined and the necrotic mass expressed 
as a percentage of total left ventricular mass. 

[0078] Cardiac Weight (1.351003 g; n=84) and cardiac to 
body Weight ratio (00031000005; n=84) Were equivalent 
among the ?ve treatment groups. 

[0079] Statistical Analysis. All values are presented as 
IIICZIHSISEM. All data Were subjected to AN OVA folloWed 
by the Bonferroni correction for post hoc t tests. Signi?cance 
Was accepted at a p level of <0.05. 

[0080] Results 

[0081] Pre-ischemic function. Table 1 displays baseline 
cardiac function after stabiliZation, and prior to ischemia for 
the 7 animal groups. There Were no signi?cant differences 
among groups. 
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DEA/N O, diethylamine diaZeniumdiolate (nitric 
oxide donor); IPC, ischemic preconditioning; NAC, 
N-acetyl-L-cysteine. 

[0083] Contracture development during ischemia. The 
development of contracture started after 1512 min of global 
ischemia in control hearts and after 1511 min in the vehicle 
group. This effect Was someWhat delayed (17-20 min; p=NS 
vs controls) in all other groups. As shoWn in FIG. 2A, at the 
end of the ischemic period LEDVP Was betWeen 24 and 28 
mmHg in control hearts, vehicle-, NAC—, and NAC+AS 
treated groups, With no statistically signi?cant differences 
among this groups. In contrast, at the same time point AS, 
DEA/NO and IPC hearts shoWed LVEDP values ranging 
from 16 to 19 mmHg (p=NS betWeen these groups) that 
Were statistically loWer that those reported in control, 
vehicle-, NAC- and NAC+AS-treated hearts (p<005 for 
all). 
[0084] Contracture development during reperfusion. At 
reperfusion LVEDP further increased. As shoWn in FIG. 2B, 
the maximal increment during reperfusion Was signi?cantly 
loWer in AS and DEA/N O treated hearts When compared to 
control, vehicle, NAC and NAC+AS (p<005) treated hearts. 
AS Was even more effective than DEA/NO in preventing 
LVEDP increase (p<0001). In the IPC group, the develop 
ment of contracture shoWed a trend to decrease, although not 
signi?cantly, With respect to control hearts. 

[0085] Post-ischemic contractile function. LV contractile 
function, indexed by developed LVP and dP/dtmax, Was 
found to be impaired in all groups at reperfusion. HoWever, 
as seen in FIGS. 3A and 3B, the recovery from myocardial 
stunning observed in control, NAC—, NAC+AS and vehicle 
treated hearts Was signi?cantly improved by AS. Developed 
pressure With AS Was about 55% vs 38% for controls, and 
+dP/dt max Was 57% vs 39% in controls. Similarly, IPC 

TABLE 1 

End of stabilization period Post-treatment (pre-ischemic) 

NAC + NAC + 

Control AS DEA/NO IPC Vehicle NAC AS Control AS DEA/NO IPC Vehicle NAC AS 

CPP 85 r 89 r 91 r 88 r 92 r 88 r 84 r 87 r 88 r 90 r 93 r 94 r 88 r 82 1 

(mmHg) 5 4 4 9 5 3 4 5 6 4 8 7 4 4 
LVEDP 8: 9: 8: 11: 9: 8: 10: 9: 10: 9: 11: 10: 10: 10: 
(mmHg) 0.6 0.7 0.7 0.5 0.7 0.8 0.9 0.6 0.8 0.7 1.6 0.8 1.7 0.9 
Developed 89 r 99 r 98 r 85 r 88 r 89 r 96 r 88 r 98 r 99 r 83 r 88 r 86 r 93 : 

LVP 7 6 5 6 8 7 7 8 7 6 6 8 6 3 
(mmHg) 
DP/dtmax 2794 r 3145 r 3047 r 2692 r 2661 r 2760 r 3011 r 2649 r 3223 r 2976 r 2634 r 2701 r 2481 r 2714 : 

(mmHg/s) 212 155 120 66 101 216 195 151 147 93 67 103 245 187 

CPP, coronary perfusion pressure; 
LVEDP, left ventricular end-diastolic pressure; 
LVP, left ventricular pressure; 
dP/dtmax, maximum rate of increase of LVP during systole; 
AS, Angeli’s salt; 
DEA/NO, diethylamine diazeniumdiolate (nitric oxide donor); 
IPC, ischemic preconditioning; 
NAC, N-acetyl-L-cysteine. 

[0082] CPP, coronary perfusion pressure; LVEDP, 
left ventricular end-diastolic pressure; LVP, left ven 
tricular pressure; dP/dtmaX, maximum rate of 
increase of LVP during systole; AS, Angeli’s salt; 

increased developed LVP When compared to controls With 
IPC hearts at about 53% vs. 38% for controls, as Well as 

dP/dtmax Which Was about 55% With IPC and 30% in controls 
(FIG. 3A and B). In contrast, DEA/N O Was less effective in 
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recovering contractile function from that observed in control 
group (p=0.08 for dP/dt and p=0.07 for developed LVP). max 

[0086] Myocardial necrosis after reperfusion. During rep 
erfusion, LDH release into the coronary venous effluent Was 
686114 U/g Wet Wt from control heart group. As shoWn in 
FIG. 4A, LDH release Was signi?cantly reduced by DEA/ 
NO, AS and IPC pre-treatment. HoWever, AS-induced 
attenuation Was signi?cantly more pronounced that that 
provided by DEA/NO. The infarcted area (FIG. 4), 
expressed as a percentage of the left ventricle, Was 39:2%, 
42+4%, 45 +2% and 42+2% in the control, vehicle, NAC and 
NAC+AS groups, respectively (p=NS among these groups). 
In contrast, When compared to controls, both AS and IPC 
reduced infarct siZe signi?cantly, by 55% and 67% respec 
tively (p<.0.01 for both vs controls), With insigni?cant 
difference betWeen them (p=0.08). Interestingly, the protec 
tive effect of DEA/NO Was signi?cantly Weaker (-30%; 
p<0.05 vs controls) than that provided by either AS or IPC 
(p<0.05 vs both). 

EXAMPLE 2 

[0087] The same methods as employed in Example 1 Were 
used to assess the ischemia/reperfusion injury reducing 
effects of the nitroxyl donor IPA/NO. In this example, rat 
hearts Were treated either With a control, ischemic precon 
ditioning, IPA/NO, AS, or DEA/NO (only one rat heart Was 
used per intervention in this example). The IPA/NO inter 
vention protocol Was the same as the AS protocol in 
Example 1. As can be seen in FIG. 5, IPA/NO had a 
comparable infarct siZe reducing effect to Angeli’s salt 
(infarct siZe Was reduced by about 36% as compared to 
control) con?rming the utility of nitroxyl donors in prevent 
ing and/or reducing ischemia/reperfusion injury When 
administered prior to the onset of ischemia. This is rein 
forced by the fact that the coronary perfusion pressure 
returned to normal during reperfusion in the IPA/N O inter 
vention as can be seen in FIG. 6. 

[0088] The above-described examples merely provide 
exemplary embodiments of the provided method. They are 
not intended to be limiting in any Way. Moreover, although 
embodiments of the method provided have been described 
herein in detail, it Will be understood by those of skill in the 
art that variations may be made thereto Without departing 
from the spirit of the invention or scope of the appended 
claims. 

We claim: 

1. A method of reducing ischemia/reperfusion injury 
comprising; 

selecting a subject at risk for an ischemic event; and 

administering to a subject a therapeutically effective dose 
of at least one nitroxyl anion donating compound 
Wherein the compound is administered prior to the 
onset of ischemia. 

2. The method of claim 1, Wherein the nitroxyl anion 
donating compound is a nitroxyl-donating diaZeniumdiolate. 

3. The method of claim 2, Wherein the nitroxyl-donating 
diaZeniumdiolate has the formula 
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Wherein J is oxide, sul?te (SO3_), amine, an NSAID, an 
aliphatic, aryl, or aryl-aliphatic substituted or unsubstituted 
hydrocarbon, or a biomolecule and MC+X is a pharmaceuti 
cally acceptable cation, Wherein x is the valence of the 
cation, and c is the smallest integer that results in a neutral 
compound. 

4. The method of claim 3, Wherein J is oxide. 

5. The method of claim 3, Wherein J is loWer alkyl. 

6. The method of claim 3, Wherein J is amine. 

7. The method of claim 6, Wherein J is primary amine. 

8. The method of claim 7, Wherein the nitroxyl-donating 
diaZeniumdiolate has the formula 

Where R is an aliphatic, aryl, or aryl-aliphatic substituted or 
unsubstituted hydrocarbon, an NSAID, or a biomolecule and 

MC+X is a pharmaceutically acceptable cation, Wherein x is 
the valence of the cation, and c is the smallest integer that 
results in a neutral compound. 

9. The method of claim 8, Wherein R is alkyl. 

10. The method of claim 9, Wherein R is loWer alkyl. 

11. The method of claim 10, Wherein R is isopropyl. 

12. The method of claim 1, Wherein the ischemia/reper 
fusion injury is an injury of the myocardium or brain. 

13. The method of claim 12, Wherein the ischemia/ 
reperfusion injury is an injury of the myocardium. 

14. The method of claim 13, Wherein the siZe of infarction 
is reduced by about 35% or more. 

15. The method of claim 14, Wherein the siZe of infarction 
is reduced by about 35% to about 55%. 

16. The method of claim 1, Wherein selecting a subject at 
risk of an ischemic event comprises selecting a subject With 
no evidence of current ischemia. 

17. A method of reducing ischemia/reperfusion injury 
comprising, administering a dose of at least one nitroxyl 
donating compound to an organ that is to be transplanted, 
Wherein the dose is effective to reduce ischemia/reperfusion 
injury upon reperfusion of the organ in a recipient. 

18. The method of claim 17, Wherein the nitroxyl anion 
donating compound is a nitroxyl-donating diaZeniumdiolate. 

19. The method of claim 18, Wherein the nitroxyl-donat 
ing diaZeniumdiolate has the formula 
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wherein J is oxide, sul?te, amine, an NSAID, an aliphatic, 
aryl, or aryl-aliphatic substituted or unsubstituted hydrocar 
bon, or a biomolecule and MC+X is a pharmaceutically 
acceptable cation, Wherein X is the valence of the cation, and 
c is the smallest integer that results in a neutral compound. 

20. The method of claim 19, Wherein J is oxide. 
21. The method of claim 19, Wherein J is loWer alkyl. 
22. The method of claim 19, Wherein J is amine. 
23. The method of claim 22, Wherein J is primary amine. 
24. The method of claim 23, Wherein the nitroXyl-donat 

ing diaZeniumdiolate has the formula 
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Where R is an aliphatic, aryl, or aryl-aliphatic substituted or 
unsubstituted hydrocarbon, an NSAID, or a biomolecule and 
MC+X is a pharmaceutically acceptable cation, Wherein X is 
the valence of the cation, and c is the smallest integer that 
results in a neutral compound. 

25. The method of claim 24, Wherein R is alkyl. 
26. The method of claim 25, Wherein R is loWer alkyl. 
27. The method of claim 26, Wherein R is isopropyl. 

* * * * * 


