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(57) ABSTRACT 

The present invention is directed to methods of modulating 
the activity of an isoform of manganese superoXide disrnu 
tase Which is useful for the treatment of diseases such as 
heart failure. 
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FIGURE 1 
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FIGURE 3 
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COMPOSITIONS AND METHODS FOR 
INHIBITING AN ISOFORM OF HUMAN 
MANGANESE SUPEROXIDE DISMUTASE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/473,458, ?led May 28, 2003, 
Which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to methods of 
modulating oxidative damage to intracellular components 
such as mitochondrial DNA (mtDNA), mitochondrial lipids, 
and mitochondrial proteins. The present invention is also 
directed to modulating the activity of a spliced isoform of 
manganese superoxide dismutase. 

BACKGROUND OF THE INVENTION 

[0003] Manganese Superoxide Dismutase (MnSOD) is a 
component of the cellular antioxidant defense mechanism 
that is necessary for mitochondrial function, cellular energy 
production and cell viability. Native MnSOD is a mitochon 
drial protein that is imported from the cytoplasm and local 
iZed to the mitochondrial matrix, Where it scavenges super 
oxide free radicals or anions and converts these reactive 
oxygen species into the benign oxidant, hydrogen peroxide 
(H202), and oxygen. MnSOD is expressed in all cell types 
and provides an essential function. MnSOD importance Was 
clearly illustrated in mice neonatal offspring containing a 
homoZygous disruption (knockout) of MnSOD gene. These 
mice develop multisystem, mitochondrial energy-loss 
pathologies that include cardiomyopathy, neurological and 
liver dysfunction and exhibit perinatal lethality. The 
homoZygous MnSOD knock-out serves as a proof-of-prin 
ciple for complete loss of MnSOD function. 

[0004] The multisystem energy-loss phenotype in the 
MnSOD knockout mouse may be due to an adverse accu 
mulation of superoxide free radicals Within the mitochondria 
upon the onset of an aerobic environment, causing loss of 
the ATP-synthesizing capacity of mitochondria and either 
initiating premature cell death by necrosis or by initiating 
the mitochondrial membrane permeability transition, caus 
ing release of mitochondrial pro-apoptotic proteins from the 
mitochondria due to depolariZation of the mitochondrial 
membrane. Adverse accumulation of superoxide Will result 
in spontaneous dismutation of superoxide into hydrogen 
peroxide, Which is normally a benign oxidant unless in the 
presence of a transition metal, Which then initiates Fenton 
type chemistry to generate reactive oxygen species similar to 
hydroxyl free radicals. 

[0005] Research has shoWn that the MnSOD gene can 
express a splice isoform (isoMnSOD) during stress condi 
tions that expresses a pro-oxidant form instead of the normal 
antioxidant activity of the normal MnSOD (AnZiano, et al., 
Pediatrics Research, 47; 2000;). IsoMnSOD is also 
described in WO 99/43697. MnSOD alternative splicing is 
inducible and depends on the deregulation of the normal 
MnSOD splicing pathWay. Alternative splicing of the 
MnSOD RNA removes coding Exon 3, and fuses in-frame 
?anking Exons 2 and 4. The isoMnSOD protein is internally 
deleted for key alpha helical domain that serves in the parent 
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MnSOD as a portal for the selective entry of superoxide 
anions into the MnSOD metal pocket. IsoMnSOD does not 
exhibit antioxidant, dismutase activity as the parent 
MnSOD, but exhibits in vitro a gain-of-function peroxida 
tive activity that generates reactive oxygen free radicals 
from hydrogen peroxide (H202). In vivo, isoMnSOD ini 
tiates lipid peroxidation Within the mitochondrial membrane 
and it causes modi?cation of target proteins by oxidative 
stress markers such as the reactive lipid byproduct, 4-hy 
droxynonenal 
[0006] In addition, stress from internal factors (eg dis 
eases) or by exogenous or external in?uences such as, for 
example, drugs, can impair a cell’s and organism’s viability. 
Although the pharmacological properties of drugs or poten 
tial drugs are Well understood, companies still spend billions 
of dollars a year on candidates that fail during preclinical 
and clinical trials due to unforeseen drug toxicity. Current 
methods for predicting Whether a drug Will be toxic in an 
individual have not been particularly effective because there 
are feW useful markers of drug-induced toxicity that Would 
indicate Whether a drug is WorthWhile pursuing. 

[0007] Additionally, there are numerous drugs that are 
used today Whose effectiveness is diminished because of 
toxicity that is caused by inherent toxicity of the drugs, 
thereby limiting the useful dosage. Some of the toxicity that 
is caused by the drugs can be related to damage to mito 
chondrial contents due to altering and diminishing its anti 
oxidant environment and, therefore, if the ancillary toxic 
event can be prevented it should enhance the effectiveness of 
the compounds. 

[0008] In vieW of the above evidence, there is a need to 
identify modulators of isoMnSOD activity so that one can 
control the effects of isoMnSOD expression. There is also a 
need to identify compounds that can be used to reduce or 
prevent drug-induced toxicity. There are further needs for 
assays and methods that can be used to predict if a compo 
sition Will cause drug-induced toxicity in an individual or a 
cell. The present invention helps to ful?ll these needs as Well 
as others. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides methods of inhib 
iting an activity of isoMnSOD in a cell comprising contact 
ing said cell With a compound of Formula I: Alk-Ll-Lz-D, 
Wherein constituent members are de?ned herein. 

[0010] In some embodiments, the present invention pro 
vides methods of treating drug-induced toxicity in an indi 
vidual comprising administering to said individual a thera 
peutically effective amount of an isoMnSOD inhibitor. 

[0011] The present invention also provides methods of 
treating heart failure in an individual comprising adminis 
tering to said individual a therapeutically effective amount 
of an isoMnSOD inhibitor. 

[0012] In some embodiments, the present invention pro 
vides methods of treating a mitochondrial related disease or 
condition in an individual comprising administering to said 
an individual a therapeutically effective amount of an 
isoMnSOD inhibitor. 

[0013] In some embodiments, the present invention pro 
vides methods of inhibiting cell death comprising contacting 
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a cell With an isoMnSOD inhibitor, wherein said inhibitor 
does not modulate expression of a nucleic acid molecule 
encoding isoMnSOD. 

[0014] The present invention also provides methods of 
inhibiting mitochondrial oxidative stress in a cell comprising 
contacting said cell With an isoMnSOD inhibitor. 

[0015] In some embodiments, the present invention pro 
vides methods of inhibiting mtDNA damage in a cell com 
prising contacting said cell With an isoMnSOD inhibitor. 

[0016] In some embodiments, the present invention pro 
vides methods of inhibiting production of reactive oxidative 
species (ROS) in a cell comprising contacting said cell With 
an isoMnSOD inhibitor. 

[0017] The present invention also provides, methods of 
inhibiting lipid peroxidation in a cell comprising contacting 
said cell With an isoMnSOD inhibitor. 

[0018] In some embodiments, the present invention pro 
vides methods of treating cancer comprising administering 
to a patient a chemotherapeutic and an isoMnSOD inhibitor. 

[0019] The present invention also provides compositions 
comprising a chemotherapeutic and an isoMnSOD inhibitor. 

[0020] In some embodiments, the present invention pro 
vides methods of identifying an isoMnSOD inhibitor com 
prising: 

[0021] a) contacting a cell expressing isoMnSOD 
With a test compound; 

[0022] b) measuring an isoMnSOD mediated event in 
said cell; and 

[0023] c) comparing said isoMnSOD mediated event 
in said cell to a cell that has not been contacted With 
said test compound; 

[0024] Wherein a decrease in said isoMnSOD medi 
ated event indicates that said test compound is an 
isoMnSOD inhibitor. 

[0025] The present invention also provides methods of 
measuring toxicity of a compound comprising contacting 
said compound to a cell, Wherein said cell comprises a 
nucleic acid molecule comprising a genomic fragment of 
MnSOD gene spanning Exon 2 to Exon 4 of said gene, 
Wherein said fragment comprises a frameshift mutation in 
Exon 3, and is operably linked to a reporter gene, Wherein 
expression of said reporter gene is indicative of compound 
being toxic. 

BRIEF DESCRIPTION OF THE FIGURES 

[0026] FIG. 1: Peroxidative assay of native mitochondrial 
extracts analyZed by the ROS-activity blot according to 
Example 13. Lane 1: no treatments; Lane 2: arachidonoyl 
dopamine; Lane 3: eicosapentaenoyl (EPA)-dopamine; Lane 
4: docosahexaenoyl (DHA)-dopamine; Lane 5: C18:4u)-3 
dopamine; Lane 6: arachidonoyl-serotonin; Lane 7: no treat 
ment. 

[0027] FIG. 2: Covalent modi?cation of the MnSOD 
Exon3-deleted isoform by isoMnSOD inhibitors according 
to Example 14. A. Detection of dopamine-modi?cation— 
Lane 1: no treatment; Lane 2: arachidonoyl-dopamine; Lane 
3: eicosapentaenoyl (EPA)-dopamine; Lane 4 docosa 
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hexaenoyl (DHA)-dopamine; Lane 5: C18:4(u)-3)-dopam 
ine. B. Detection of serotonin-modi?cation—Lane 1: no 
treatment; Lane 2: arachidonoyl-serotonin. 

[0028] FIG. 3: Doxorubicin induces the expression of 
isoMnSOD according to Example 10. Lane 1: no treatment; 
Lane 2: 0.1 pM doxorubicin; Lane 3: 1.0 pM doxorubicin. 
Membrane Was probed for isoMnSOD protein by Western 
Blot. 

[0029] FIG. 4: In vitro analysis of the effect of test 
compounds on the peroxidative activity of the MnSOD 
Exon3-deleted isoform according to Example 4. Lane 1: no 
treatment; Lane 2: arachidonoyl-glycine; Lane 3: arachi 
donoyl-3-hydroxy-y-aminobutyric acid (GABA); Lane 4: 
arachidonoyl-dopamine; Lane 5: eicosapentaenoyl (EPA) 
dopamine; Lane 6: docosahexaenoyl (DHA)-dopamine; 
Lane 7: C18:4(u)-3)-dopamine; Lane 8: arachidonoyl-etha 
nolamide. 

[0030] FIG. 5: Characterization of isoMnSOD peroxida 
tive activity. A. Reactive Oxygen Species generating activity 
gel (left panel) and Western immunoblot (right panel) analy 
sis of recombinant isoMnSOD, produced in bacterial BL21 
cells. B. CharacteriZation of the isoMnSOD protein in pig 
pancreatic mitochondria. Four lanes each of 25 pg of pig 
pancreatic mitochondrial proteins Were separated by a 7% 
PAGE Without SDS. Measurement of the antioxidant, native 
MnSOD superoxide dismutase activity Was performed in 
gel (lane 1). The additional three gel-lanes Were electrotrans 
ferred to nitrocellulose and analyZed for peroxidative analy 
sis using the “ROS-generating activity blot” (lane 2) and 
protein assignment by Western immunoblot analysis using 
the anti-MnSOD (lane 3) and anti-MnSOD E2/E4 peptide 
(lane 4) polyclonal antibodies. C. The peroxidative activity 
of pig isoMnSOD (left lane) is supershifted by pre-incuba 
tion With 1 pg of the anti-MnSOD polyclonal antibody prior 
to native gel electrophoresis (right lane). 

DETAILED DESCRIPTION 

[0031] Superoxide radicals and other highly reactive oxy 
gen species are harmful by-products in every respiring cell, 
causing oxidative damage to a Wide variety of macromol 
ecules and cellular components. A group of metalloproteins 
knoWn as superoxide dismutases (SOD) catalyZes the oxi 
dation-reduction reaction that converts free-radical oxygen 
(02-) to hydrogen peroxide (H202) and oxygen (O2) and 
thus provides a defense mechanism against oxygen toxicity. 
SODs may contain manganese (Mn) or iron (Fe) or a 
combination of copper (Cu) and Zinc (Zn). SODs are 
described in US. Pat. No. 5,540,911. 

[0032] Mitochondria are essential for meeting the body’s 
acute and chronic energy demands because all cells of the 
body synthesiZe their fuel Within the mitochondria. Mito 
chondrial DNA (mtDNA) contains thirteen genes encoding 
protein products that are necessary to synthesiZe the cell’s 
fuel, adenosine triphosphate (ATP). 

[0033] Diseases, drugs, or other factors that cause mito 
chondrial oxidative stress have often been implicated as an 
initiator of mitochondrial damage. If oxygen is not metabo 
liZed efficiently, oxygen free radicals can accumulate in the 
cell. Free radicals can cause damage to nucleic acid mol 
ecules, proteins or lipids. Since the mitochondria consume 
the most of the cell’s oxygen, the mitochondria can be the 
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most exposed organelle to free radical damage, especially 
mtDNA. If oxidative damage to mtDNA is left unrepaired, 
the point-mutation and deletion rate of the mtDNA 
increases, Which may eventually lead to permanent organ 
fatigue. 
[0034] An increase in mitochondrial mutations or an 
increase in free oxygen radicals can lead to an energy-loss 
syndrome Which could effect the heart (cardiomyopathy or 
conduction disorders, eg heart failure), the nervous system, 
the pancreas (e.g., non-insulin dependent diabetes), the 
gastrointestinal tract (e.g., dysmotility or pseudo-obstruc 
tion), inner ear (e. g., sensorineural hearing loss), kidney (e.g. 
glomerulopathy) and/or the skeletal muscle (e.g., myopa 
thy). 
[0035] Because oxidative damage in cells can lead to 
various diseases, disorders, or conditions, there is an unful 
?lled need to identify methods and compounds for treating 
diseases related to an increase in oxidative damage. The 
present invention helps to ful?ll this need by identifying 
compounds that can inhibit or reduce isoMnSOD and, 
therefore, inhibit or reduce oxidative damage. 

[0036] The recent discovery of an alternative splice form 
of MnSOD that has pro-oxidant activity and pro-apoptotic 
activity as compared to the antioxidant activity of MnSOD 
has led to the invention that oxidative damage caused by 
these species can be inhibited or reduced by compounds that 
inhibit or reduce an activity of isoMnSOD. 

[0037] The present invention relates to the discovery that 
an alternative splice form of Manganese Superoxide Dis 
mutase, hereinafter “isoMnSOD”, is a pro-oxidant version 
of the normal splice form of Manganese Superoxide Dis 
mutase, hereinafter “MnSOD”. IsoMnSOD can be induced 
in all cell types, in all individuals, and is believed to be 
expressed in response to oxidative and mitochondrial dam 
age. IsoMnSOD acts as a dominant, gain-of-function protein 
that When expressed at signi?cant levels, induces mitochon 
drial dysfunction and mitochondrial energy-loss patholo 
gies, including mitochondrial-mediated apoptotic cell death 
and acts as a modi?er of an underlying genetic condition. 
IsoMnSOD generates oxygen free radicals other than super 
oxide in the presence of hydrogen peroxide and are not 
scavenged by native MnSOD. IsoMnSOD has been previ 
ously described in US. Pat. No. 6,737,506. The expression 
of isoMnSOD can lead to cell death and cellular toxicity. 
IsoMnSOD expression can be induced by drugs or compo 
sitions that have been shoWn to cause drug-related toxicity 
such as, for example, doxorubicin. The present invention 
describes methods and compositions that can be used, for 
example, to inhibit or reduce the activity of isoMnSOD, 
inhibit or reduce drug induced toxicity, and/or to inhibit or 
reduce cell death. The activity of isoMnSOD can also be 
modulated for the treatment of various mitochondrial 
related, energy-loss diseases, Which are prone to oxidative 
damage of their remaining energy capacity. 

[0038] Upon oxidative stress or mitochondrial damage 
isoMnSOD expression is increased by alternative splicing 
and has been found to not only create additional reactive 
oxidative species, but also to increase isoprostanes and HNE 
modi?cations of other proteins and itself. Isoprostanes are 
produced by the peroxidation of lipoproteins, Which can be 
regulated by isoMnSOD. Elevated isoprostane levels have 
been associated With, for example, hepatorenal syndrome, 
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rheumatoid arthritis, in?ammation, atherosclerosis, in?am 
matory vascular diseases, and carcinogenesis (Jansenn, 
Chemistry and Physics of Lipids, 128 (2004) 101-116; 
CracoWski et al., Journal of Vascular Research 2001;38:93 
103; Eaton et al., Am J. Physiol. 1999 Mar;276(3 Pt 
2):H935-43). Therefore, an increase in isoMnSOD activity 
can increase the risk of the patient of developing these and 
other conditions. The production of HNE can also lead to 
diseases or disorders by inactivating other proteins in the 
cell. Protein inactivation by HNE occurs because HNE 
covalently modi?es enZymes in a cell Which can assist in 
targeting proteins for degradation by the proteosome (Grune 
et al. Mol Aspects Med. 2003 Aug-Oct;24(4-5):195-204). 
HoWever, if When HNE is overproduced and causes the 
modi?cation of a large number of proteins, clogging of the 
proteosome can result, Which can inhibit the function of a 
cell and lead to cell death. Under normal circumstances 
HNE is metaboliZed and is prevented from damaging the 
cell. HoWever, When HNE accumulates, in addition to 
clogging the proteosome, HNE can lead to atherogenesis 
(Hoff et al. Klin Wochenschr. 1991 Dec. 15;69(21-23):1032 
8). Therefore, inhibiting HNE production by inhibiting 
isoMnSOD according to the present invention can be ben 
e?cial to the cell. 

[0039] Accordingly, in one aspect, the present invention 
provides methods of inhibiting or reducing an activity of 
isoMnSOD in a cell comprising administering an isoMn 
SOD inhibitor. 

[0040] As used herein, the term “MnSOD” refers to the 
gene Mangenese Superoxide Dismutase. “MnSOD” can also 
refer to either the cDNA, RNA, mRNA, genomic DNA, or 
gene product (eg protein) of the MnSOD gene. In some 
embodiments, “MnSOD” refers to the antioxidant form of 
MnSOD. “MnSOD” also refers to a cDNA, mRNA, or 
protein that comprises the third exon of the MnSOD gene. 

[0041] As used herein, the term “isoMnSOD” or “alter 
native splice form of MnSOD” refers to a splice form the 
MnSOD gene that lacks exon 3. “IsoMnSOD” can also be 
referred to as “MnSOD-exon3-deleted”, “exon 3 deleted 
MnSOD” or “altisoMnSOD”. The genomic structure of 
MnSOD, nucleic acid sequence of isoMnSOD, and the 
amino acid sequence of isoMnSOD are described in US. 
Pat. No. 6,737,506. An exon 3 deleted MnSOD lacks the 
active site histidine at position 74 (74H; numbering based 
upon the mature form of native MnSOD, Where the mito 
chondrial targeting signal in cleaved at K25 for both native 
MnSOD and isoMnSOD) that is required selective entry of 
superoxide into the native MnSOD active site and for 
manganese binding as Well as the peptide sequences 
required for forming the ?nal homotetrameric complex of 
antioxidant-MnSOD associated With superoxide capture, but 
molecular modeling of isoMnSOD has shoWn that histidine 
at position 31 (H31) is reoriented and noW substitutes for 
74H, With otherWise complete conservation of the position 
ing of active site amino acids in native MnSOD. The active 
site for isoMnSOD is more accessible to molecules larger 
than superoxide, such as H202. In some embodiments, 
“isoMnSOD” refers to polynucleotides that encode polypep 
tides or the polypeptides themselves that are de?ned by the 
above described structure/function parameters. In some 
embodiments, “isoMnSOD” refers to a polypeptide that has 
pro-oxidant activity. 
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[0042] An “activity of isoMnSOD” refers to the protein 
activity of the polypeptide encoded by the isoMnSOD 
transcript. In some embodiments, the activity is pro-oxidant 
activity of the isoMnSOD protein. Pro-oxidant activities 
include any activity that can lead to oxidation of cellular 
components and includes, for example, generating and/or 
facilitating the accumulation of reactive oxygen species as 
Well as damaging nucleic acids, proteins, lipids, and the like 
by oxidation. The activity can also refer to isoMnSOD 
pro-apoptotic activity. The activity can also refer to the 
binding activity of a polypeptide comprising isoMnSOD. 
For example, the binding activity can refer to the ability of 
the protein to bind other polypeptides, reactive oxygen 
species (ROS), metals, transition metals, compounds, inhibi 
tors, activators, or other co-factors. 

[0043] An “isoMnSOD inhibitor” refers to a pharmaceu 
tical agent such as, for example, a protein (e.g., antibody or 
other binding protein) or small molecule (compound) that is 
able to inhibit or reduce an activity of the isoMnSOD gene 
product. In some embodiments, the isoMnSOD inhibitor 
inhibits or reduces the pro-oxidant activity, the binding 
activity, both types of activity or other activity. The isoMn 
SOD inhibitor can also inhibit or reduce the binding of 
isoMnSOD to other polypeptides, to reactive oxygen spe 
cies, to metals, to transition metals, co-factors, activators, 
inhibitors, or combinations thereof. 

[0044] The isoMnSOD inhibitor or composition, such as a 
pharmaceutical composition, thereof can be administered to 
any cell expressing isoMnSOD either in vitro, in vivo, ex 
vivo, or combinations thereof. Methods of administration 
are Well knoWn to the skilled artisan and described herein. 
A composition comprising the isoMnSOD inhibitor and an 
acceptable carrier (such as a pharmaceutically acceptable 
carrier) or diluent may be formulated by one having ordinary 
skill in the art depending upon the chosen mode of admin 
istration. Suitable carriers are described in the most recent 
edition of Remington’s Pharmaceutical Sciences, A. Osol, a 
standard reference text in this ?eld. 

[0045] The compositions according to the present inven 
tion may be administered as a single dose or in multiple 
doses. The compositions of the present invention may be 
administered either as individual therapeutic agents or in 
combination With other therapeutic agents. 

[0046] The compositions or inhibitors of the present 
invention may be combined With conventional therapies, 
Which may be administered sequentially or simultaneously. 
One or more additional agents such as, for example, anti 
viral agents, antibodies, anti-in?ammatory agents, chemo 
therapeutics, antibiotics, and/or immunosuppressants can be 
used in combination With the compounds of the present 
invention for treatment of drug induced toxicity or other 
conditions relating to an oxidative damage disorder. The 
agents can be combined With the present compounds in a 
single dosage form, or the agents can be administered 
simultaneously or sequentially as separate dosage forms. 

[0047] The compositions comprising an isoMnSOD 
inhibitor may be administered by any means that enables the 
active agent to reach the agent’s site of action in the cell or 
in the body of an individual. Because some compounds are 
subject to being digested, hydrolyZed or otherWise broken 
doWn When administered orally, parenteral administration 
(e.g., intravenous, subcutaneous, intramuscular) can be used 
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to optimiZe absorption. In addition, the compositions of the 
present invention may be injected at a site at or near the 
oxidative damage. For example, administration may be by 
direct injection into tissue directly adjacent to the oxidative 
damage. If the individual to be treated is suffering from 
oxidative damage on the skin or drug-induced toxicity on the 
skin, the isoMnSOD inhibitor may be formulated With a 
topical carrier (such as a pharmaceutically acceptable topical 
carrier) and the formulation may be administered topically 
as, for example, a cream, a lotion, or an ointment. 

[0048] The dosage administered varies depending upon 
factors such as: pharmacodynamic characteristics; its mode 
and route of administration; age, health, and Weight of the 
recipient; nature and extent of symptoms; kind of concurrent 
treatment; and frequency of treatment. Usually, a daily 
dosage of isoMnSOD inhibitor can be about 1 pg to 100 
milligrams per kilogram of body Weight. In some embodi 
ments, about 0.5 to about 500, about 1 to about 400, about 
1 to about 300, about 1 to about 200, about 1 to about 100, 
about 1 to about 50, about 1 to about 10 milligrams per 
kilogram per day is given in divided doses 1 to 6 times a day 
or in sustained release form in an effective to obtain desired 
results. 

[0049] In some embodiments, the isoMnSOD inhibitor is 
administered in a therapeutically effective amount. As used 
herein, the term “therapeutically effective amount” is meant 
to refer to an amount of an isoMnSOD inhibitor Which 
produces a clinical effect observed as reduction or reverse in 
drug related toxicity, clinical endpoints, or oxidative damage 
in an individual When a therapeutically effective amount of 
an isoMnSOD inhibitor is administered to an individual or 
to a cell. Therapeutically effective amounts are typically 
determined by the effect they have compared to the effect 
observed When a composition Which includes no active 
ingredient is administered to a similarly situated individual. 
The precise effective amount for a subject Will depend upon 
the subject’s siZe and health, the nature and extent of the 
condition, and the therapeutics or combination of therapeu 
tics selected for administration. HoWever, the effective 
amount for a given situation is determined by routine 
experimentation and is Within the judgment of the clinician. 

[0050] As used herein, the term “contacting” refers to the 
bringing together of indicated moieties in an in vitro system 
or an in vivo system. For example, “contacting” a cell With 
an isoMnSOD inhibitor or another compound of the inven 
tion includes the administration of the isoMnSOD inhibitor 
to an individual or patient, such as a human, having an 
isoMnSOD protein, as Well as, for example, introducing the 
isoMnSOD inhibitor into a sample containing a cellular or 
puri?ed preparation containing the isoMnSOD protein. 

[0051] As used herein, the term “individual” or “patient,” 
used interchangeably, refers to any animal, including mam 
mals, preferably mice, rats, other rodents, rabbits, dogs, cats, 
sWine, cattle, sheep, horses, or primates, and most preferably 
humans. 

[0052] As used herein, the term “cell” refers to a cell that 
is either in vivo, in vitro, or ex vivo. The isoMnSOD 
inhibitor can be contacted With any type of cell including, 
for example, dividing cells, non-dividing cells, multinucle 
ated cells, cancer cells, neural cells, muscle cells, heart cells, 
brain cells, digestive tract cells (e.g. stomach, small intes 
tine, large intestine, esophagus, and the like), pancreas cells, 
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and the like. In some embodiments, the cell is a non-dividing 
cell. In some embodiments, the cell is a heart cell. 

[0053] The present invention also provides methods of 
inhibiting or reducing the production of free isoprostanes, 
HNE, and modi?cation of proteins by HNE and/or isopros 
tanes. As discussed above, the accumulation of HNE and 
isoprostanes can be deleterious to a cell and an individual or 
be indicative cellular damage and disease. The expression 
and activity of isoMnSOD can lead to the accumulation of 
these tWo product or related products and, therefore, directly 
contribute to the modi?cation of proteins Which can result in 
the degradation of essential proteins that Would otherWise 
not be degraded, but also can lead to the clogging of the 
proteosome and eventually to the death or dysfunction of a 
cell. 

[0054] In some embodiments, the present invention pro 
vides methods of inhibiting or reducing isoprostane produc 
tion in a cell comprising contacting the cell With an isoMn 
SOD inhibitor. In some embodiments, the isoprostane is, for 
example, S-epi-PGFZOL, or isolevuglandin (e.g. 0t, v, and, 6). 
In some embodiments, the inhibitor inhibits or reduces 
isoprostane protein modi?cation. 

[0055] As used herein, the term “isoprostane protein 
modi?cation” refers to a covalent modi?cation of a protein 
that occurs When the protein comes in contact With one or 
more isoprostane molecules. In some embodiments, the 
isoprostane modi?cation inhibits or reduces an activity of a 
protein. The “activity of a protein” can be enZymatic or 
non-enZymatic (e.g. binding to another molecule, signal 
transduction, targeting of itself or another protein to a 
speci?c location or organelle Within or outside a cell). In 
some embodiments, the protein is modi?ed With an oxidiZed 
lipid or With an oxidiZed isolevuglandin, such as isole 
vuglandin-lysine adducts on apolipoprotein B. (Identi?ca 
tion of Extremely Reactive y-Ketoaldehydes (Isolevuglan 
dins) as Products of the Isoprostane PathWay and 
Characterization of Their Lysyl Protein Adducts. JBC Vol. 
274, pp. 13139-13146, 1999. Cynthia J. Brame, Robert G. 
Salomon, Jason D. MorroW, and L. Jackson Roberts.). 

[0056] In further embodiments, the present invention can 
be used to inhibit or reduce HNE production and/or HNE 
protein modi?cation in a cell, for example, by contacting the 
cell With an isoMnSOD inhibitor. As used herein, the term 
“HNE protein modi?cation” refers to a covalent modi?ca 
tion of a protein that occurs When the protein comes in 
contact With one or more HNE molecules. In some embodi 

ments the protein is modi?ed by 4-hydroxy-2-nonenal. In 
some embodiments, the protein being modi?ed is cyto 
chrome c or an oxidase subunit of cytochrome c. 

[0057] Since HNE and/or isoprostane production can lead 
to hepatorenal syndrome, rheumatoid arthritis, atheroscle 
rosis, carcinogenesis, and other diseases, the present inven 
tion provides methods of treating diseases related to HNE 
and/or isoprostane production comprising administering to 
an individual a therapeutically effective amount of an 
isoMnSOD inhibitor. In some embodiments, the disease to 
be treated is hepatorenal syndrome, rheumatoid arthritis, 
atherosclerosis, or carcinogenesis. In some embodiments, 
the isoMnSOD inhibitor is combined With one or more 
compounds used to treat hepatorenal syndrome, rheumatoid 
arthritis, atherosclerosis, or carcinogenesis. In some embodi 
ments, an isoMnSOD inhibitor is co-administered With 
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statins (e.g. LipitorTM, ZocorTM, CrestorTM, MevacorTM, Pra 
vacholTM, and the like), eZetimibe (ZetiaTM), non-steroidal 
anti-in?ammatory agents (NSAIDs; e.g. ibuprofen, COX-2 
inhibitors, aspirin, acetaminophen, disease modifying anti 
rheumatic drugs (DMARDs; e.g. methotrexate, le?unomide 
(AravaTM), etanercept (EnbrelTM), in?iximab (RemicadeTM), 
adalimumab (HumiraTM), anakinra (KineretTM)), antimalari 
als, gold salts, sulfasalaZine, d-penicillamine, cyclosporin A, 
cyclophosphamide, aZathioprine, corticosteroids, dopamine, 
Misoprostol, renal vasoconstrictor antagonists, systemic 
vasoconstrictors, N-acetylcysteine, and the like. 

[0058] Drugs such as doxorubicin and HerceptinTM have 
been shoWn to cause toxicity in individuals through a 
mechanism that Would implicate isoMnSOD. As discussed, 
herein, many compounds cause adverse events in patients 
that are due to oxidative damage that can be facilitated 
through the expression and activity of isoMnSOD. Doxo 
rubicin has been shoWn to induce and/or increase the expres 
sion of isoMnSOD (described herein) in cells such as, for 
example, heart cells. Therefore, the present invention pro 
vides methods of treating drug-induced toxicity in an indi 
vidual comprising administering to the individual a thera 
peutically effective amount of an isoMnSOD inhibitor. In 
some embodiments, the toxicity is organ toxicity. Examples 
of organs that can be effected by drug induced toxicity 
include, but are not limited to, heart, pancreas, liver, kidney, 
brain, colon, stomach, and bone marroW. Drug toxicity can 
also affect the skin (e.g., leading to hair loss), the eye (e.g., 
leading to macular degeneration), and the nervous system 
(e.g., drug induced neural degeneration). In some embodi 
ments, the drug-induced toxicity leads to heart failure. 

[0059] According to another aspect of the invention, it 
provides methods of treating heart failure in an individual 
comprising administering to the individual a therapeutically 
effective amount of an isoMnSOD inhibitor. In some 
embodiments, the heart failure is ischemic or non-ischemic 
heart failure. In some embodiments, the heart failure is 
non-ischemic heart failure. In some embodiments, the heart 
failure is drug induced. 

[0060] As used herein, the term “heart failure” refers to a 
condition initiated by impairment of the heart’s function as 
a pump. Heart failure is a progressive disorder in Which 
damage to the heart causes Weakening of the cardiovascular 
system. It is clinically manifested by ?uid congestion or 
inadequate blood How to tissues. Heart failure progresses by 
inappropriate responses of the body to heart injury. Heart 
failure may be the sum of one or many causes. “Ischemia” 
is characteriZed by a decrease in the blood supply to a bodily 
organ, tissue, or part caused by constriction or obstruction of 
the blood vessels. Thus, “ischemic heart failure” refers to 
heart failure facilitated by a chronic or acute decrease in 
blood supply to the heart leading to necrotic cell death. In 
contrast, “non-ischemic heart failure” refers to damage to 
the heart that is not characteriZed by a decrease in the blood 
supply to the heart or caused by constriction or obstruction 
of the blood vessels. An example of non-ischemic heart 
failure is, but not limited to, oxidative damage to the heart. 
In some embodiments, non-ischemic heart failure is drug 
induced. An example drug that can lead to drug induced, 
non-ischemic heart failure is an anthracycline compound. 
Examples of anthracycline compounds include, but are not 
limited to, doxorubicin, epirubicin, daunorubicine, idarubi 
cin, and anthracenedione (mitoxantrone). Non-ischemic 
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heart failure can also be induced by chemotherapy, such as, 
for example, by treatment With nucleic acid damaging 
agents (e.g., DNA damaging agents) such as Topoisomerase 
II inhibitors, as Well as non-nucleic acid damaging agents. 
Non-ischemic heart failure can also be induced by radiation 
(such as in combination With chemotherapy) and is an 
example of a nucleic acid damaging agent. A “nucleic acid 
damaging agent” refers to a compound or agent that causes 
damage to DNA or RNA. The compound or agent can cause 
damage to the nucleic acid molecule directly or indirectly. 
By “direct” damage to the nucleic acid molecule it is meant 
that the compound or agent modi?es the nucleic acid mol 
ecule itself, rather than effecting another molecule Which 
results in the damage of the nucleic acid molecule. A 
compound or agent that effects another molecule that results 
in damaging a nucleic acid molecule in the cell is said to 
“indirectly damage” the nucleic acid molecule. Examples of 
“agents” that can damage DNA are, but not limited to, 
radiation (e.g. gamma or ultraviolet), cytotoxins (e.g., che 
motherapeutics), and the like. 

[0061] Antibodies that recogniZe and inhibit proteins 
involved in tumorigenesis have been used to treat cancer, but 
can be toxic and in some instances lead to heart failure. 
Therefore, the present invention also provides for methods 
of treating heart failure (e.g. non-ischemic) induced by 
antibodies that are used to treat cancer. The type of cancer 
that is being treated can be any cancer including, for 
example, breast cancer, lung cancer (e.g., non-small cell), 
pancreatic cancer, colon cancer, prostate cancer, ovarian 
cancer, glioma and the like. An example of an antibody that 
can facilitate, lead to, or cause heart failure is an antibody 
that recogniZes the protein HER-2 (e.g. HerceptinTM). The 
HER-2 proto-oncogene (also knoWn as erbB-2, c-neu and 
HER-2/neu) and its association With various cancers is 
knoWn to one of ordinary skill in the art. The risk of heart 
failure in an individual treated With antibodies used to treat 
cancer in an individual is further increased if the antibody 
treatment is combined With a nucleic acid damaging agent 
such as, for example, a Topoisomerase II inhibitor (J. 
Sparano. Semin Oncol 28: 20-27 (2001)). Therefore, in some 
embodiments, methods of treating cancer include adminis 
tration of either or both of a chemotherapeutic or antibody 
in combination With an isoMnSOD inhibitor. 

[0062] Although the exact mechanism of hoW doxorubicin 
(Dox) increases the risk of heart failure is not clearly 
understood, it is believed that doxorubicin generates super 
oxide Which is then converted into hydrogen peroxide in the 
presence or absence of MnSOD. At loW concentrations of 
doxorubicin, little of the H2O2 accumulates in the mitochon 
dria. While not Wishing to be bound by theory, it is possible 
that native MnSOD scavenges all or most of the superoxide. 
Although the isoMnSOD is induced by doxorubicin and is 
present in the mitochondria, relatively little lipid peroxida 
tion occurs. At higher concentrations of Dox, the Dox 
generated superoxide is believed to overWhelm the endog 
enous native MnSOD (antioxidant) protein, alloWing H202 
to accumulate due to spontaneous dismutation of superoxide 
into H202. At these higher concentrations, isoMnSOD is 
believed to accept hydrogen peroxide and convert it into 
reactive oxygen species, Which can result in oxidative dam 
age including, but not limited to, lipid peroxidation, gen 
eration of HNE, generation of isoprostanes, and/or mito 
chondrial damage. In some instances, it is believed that the 
generated HNE can modify isoMnSOD. Thus, the HNE 
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modi?ed isoMnSOD can be used as a marker of lipid 
peroxidation and presence of HNE, as Well as antibodies 
directed against amino acid sequences of isoMnSOD, not 
restricted to the MnSOD E2/E4 junction, that can either 
detect reactive lipid byproducts and drugs modi?cations or 
have their binding reduced or blocked by amino acid modi 
?cations, including those at positions H26, H29, and K51. 
Accordingly, the inhibition of isoMnSOD can lead to a 
reduction in lipid peroxidation and reduce the toxicity of 
doxorubicin and other drugs that induce or increase the 
expression of isoMnSOD. Thus, in some embodiments, the 
present invention provides a method of inhibiting or reduc 
ing doxorubicin induced toxicity comprising administering 
to an individual a therapeutically effective amount of an 
isoMnSOD inhibitor. 

[0063] The present invention also provides methods of 
treating mitochondrial related diseases or conditions in an 
individual comprising administering to said individual a 
therapeutically effective amount of an isoMnSOD inhibitor. 

[0064] As used herein, the term “mitochondrial related 
disease” refers to a disease, condition, or disorder Where the 
function of the mitochondria is disrupted. The function can 
be disrupted by mitochondrial DNA (mtDNA) damage, 
proteins functioning abnormally Within the mitochondria, 
membrane depolariZation, and the like. A “mitochondrial 
related disease” can also be referred to as an energy-loss 
disease because the mitochondria supplies the energy for the 
cell. A “mitochondrial related disease” can also be referred 
to as an premature cell death disease because loss of the 
mitochondrial energy supply can initiate necrosis or control 
the release of pro-apoptotic proteins into the cytoplasm. The 
expression of isoMnSOD disrupts the function of the mito 
chondria, such as by facilitating oxidative damage to the 
mitochondria, and can be therefore detrimental to the viabil 
ity of a cell, tissue or individual. Thus, inhibiting or reducing 
the activity of isoMnSOD can improve the condition of a 
cell, tissue, or individual suffering from a mitochondrial 
related disease. In some embodiments, the mitochondrial 
related disease is characteriZed by abnormal levels of oxi 
dative damage to the mtRNA. An example of a mitochon 
drial related disease is cardiomyopathy (e.g., non-ischemic 
heart failure) Additional examples are Well knoWn to those 
skilled in the art. 

[0065] Another aspect of the present invention includes 
methods of inhibiting or reducing mitochondrial oxidative 
stress in a cell comprising contacting said cell With an 
isoMnSOD inhibitor. As used herein, the term “mitochon 
drial oxidative stress” refers to a condition in the cell in 
Which the mitochondria is damaged by oxidative agents or 
a condition that produces oxidative agents that can cause 
damage to the mitochondria or to a cell. Mitochondrial 
oxidative stress includes, but is not limited to, conditions 
Where the mitochondria or cell’s antioxidant environment 
has been substantially altered or overWhelmed and contains 
abnormal amounts of reactive oxygen species. An example 
of a disease characteriZed by mitochondrial oxidative stress 
is drug-induced organ failure (such as drug induced heart 
failure). One of skill in the art can determine if a cell 
contains abnormal amounts of reactive oxygen species by 
comparing the cell or cells in question to a cell or cells that 
is knoWn to be normal. Methods of measuring the presence 
or level of reactive oxygen species in a cell are knoWn in the 
art. 
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[0066] In some embodiments, the present invention pro 
vides methods of inhibiting or reducing mtDNA damage in 
a cell comprising contacting the cell With an isoMnSOD 
inhibitor. “mtDNA damage” refers to damage to the DNA or 
nucleic acids present inside the mitochondria. Examples of 
mtDNA damage include, but are not limited to, mutations, 
deletions, insertions, cross-linkages, or other modi?cations 
that are not found in undamaged mtDNA. In some embodi 
ments, mtDNA damage includes oxidative damage caused 
directly or indirectly by reactive oxygen species. 

[0067] The present invention also provides methods of 
inhibiting or reducing cell death comprising contacting a cell 
With an isoMnSOD inhibitor. In some embodiments, the 
inhibitor does not include an inhibitor that modulates 
expression of a nucleic acid molecule encoding a polypep 
tide comprising isoMnSOD. In some embodiments, the cell 
death is necrotic or apoptotic cell death. In some embodi 
ments, the cell death is caused by elevated levels of reactive 
oxygen species, lipid peroxidation, HNE, isoprostanes or the 
like. 

[0068] In some embodiments, the isoMnSOD inhibitors of 
the present invention are administered to any cell that 
expresses isoMnSOD or may be likely to express isoMn 
SOD (such as, for instance, the cell Will be contacted With 
chemotherapeutic). In some embodiments, the cell is a 
non-dividing cell, dividing cell, or a cell that is undergoing 
senescence. A “non-dividing cell” refers to cell that is no 
longer undergoing cell division (e.g. mitosis or meiosis). 
Examples of non-dividing cells include, but are not limited 
to, cardiomyocytes, hepatocytes, pancreatic cells, and the 
like. 

[0069] As used herein the term “cell death” or “premature 
cell death” refers to the death of a cell through apoptosis 
(e.g. programmed cell death) or necrosis. The apoptosis can 
be regulated through a p53 dependent pathWay or a p53 
independent pathWay. 

[0070] In some embodiments, the present invention pro 
vides methods of inhibiting or reducing the production of 
reactive oxygen species (ROS) in a cell comprising contact 
ing the cell With an isoMnSOD inhibitor. “Reactive oxygen 
species” refers to compounds or molecules that have a 
reactive oxygen moiety. When oxygen abstracts electrons 
from other molecules in the cell, reactive oxygen species 
(ROS) can be formed. This electron abstraction leaves donor 
molecules With unpaired electrons, causing them to become 
highly reactive radicals. Reactive Oxygen Species (ROS) is 
a term that collectively describes radicals and other non 
radical reactive oxygen derivatives. These intermediates can 
participate in reactions giving rise to free radicals or that are 
damaging to organic substrates. Examples of radical con 
taining reactive oxygen species include, but are not limited 
to, hydroxyl radicals (e.g., OH), superoxide (e.g., 2—), 
nitric oxide (e.g., NO), thyl (e.g., RS), peroxyl (e.g., RO2), 
lipid peroxyl (e.g., LOO), and the like. Examples of non 
radical containing reactive oxygen species include, but are 
not limited to, hydrogen peroxide (e.g., H202), hypochloric 
acid (e.g., HOCl), singlet oxygen (e.g., “102), oZone (e.g., 
O3), lipid peroxide (e.g., LOOH), and the like (Where R is 
H or alkyl, L is a lipid moiety). In some embodiments, the 
isoMnSOD inhibitor inhibits the production of radical con 
taining reactive oxygen species, non-radical containing reac 
tive oxygen species, or both. 
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[0071] Cell membranes, organelle membranes and other 
structures Within the cell contain lipids that are essential for 
the viability of the cell. The lipids present in the cellular 
membranes can be damaged by oxidative species and, 
therefore, negatively impact the cell’s viability. Lipid per 
oxidation of a cell can occur by the interaction of a lipid With 

a reactive oxygen species, Which, in some embodiments, can 
be facilitated by a protein Within the cell, such as, for 
example, isoMnSOD. Accordingly, another aspect of the 
present invention involves methods of inhibiting or reducing 
lipid peroxidation in a cell comprising contacting the cell 
With an isoMnSOD inhibitor. “Lipid peroxidation”, as used 
herein, refers to the oxidative deterioration of one or more 
lipids containing any number of carbon-carbon double 
bonds. 

[0072] As discussed above, isoMnSOD inhibitors can be 
combined With other pharmaceutical compositions, agents, 
or compounds When being administered to a cell or an 
individual. One class of compounds that can be co-admin 
istered With an isoMnSOD inhibitor are chemotherapeutics. 
Antibodies that recogniZe HER-2 (e.g. HerceptinTM) and 
nucleic acid damaging agents, are compounds that can be 
co-administered With an isoMnSOD inhibitor. HerceptinTM 
has been a useful tool in the ?ght against breast cancer and 
in some cases is used in conjunction With chemotherapeutics 
including, but not limited to, Topoisomerase II inhibitors 
(e.g. doxorubicin, epirubicin, and the like). HoWever, a 
HER-2 antibody or the combination of a HER-2 antibody 
and a Topoisomerase II inhibitor has been reported to 
increase the risk of heart failure (see, for example, Cancer. 
2002 Oct. 1;95(7):1592-600, Which is herein incorporated 
by reference). This increase is related to an increase in 
oxidative damage in the heart. Accordingly, the present 
invention provides methods of treating cancer comprising 
administering to a patient a therapeutically effective amount 
of one or more chemotherapeutics and an isoMnSOD inhibi 
tor. The present invention further provides methods of 
treating cancer comprising administering to a patient a 
therapeutically effective amount of an antibody and an 
isoMnSOD inhibitor. The present invention further provides 
methods of treating cancer comprising administering to a 
patient a therapeutically effective amount of a chemothera 
peutic, an antibody, and an isoMnSOD inhibitor. The admin 
istration of an isoMnSOD inhibitor reduces the oxidative 
damage to the individuals cells exposed to the chemothera 
peutic and/or antibody and, therefore, alloW the anti-cancer 
drugs to be given With a reduced risk of heart failure or other 
damage that is caused by the drugs. 

[0073] In some embodiments, an inhibitor of isoMnSOD 
is administered to an individual Who has been identi?ed in 
need of an isoMnSOD inhibitor (eg an individual suscep 
tible to heart failure). In some embodiments, an individual is 
in need of an isoMnSOD inhibitor if the individual has been 
identi?ed as at-risk for heart failure. In some embodiments, 
the heart failure is drug induced or caused by a cancer 
treatment (eg HerceptinTM With or Without an anthracy 
cline). An individual can also be in need of an isoMnSOD 
inhibitor if the individual has been identi?ed as suffering 
from an oxidative disease, mitochondrial-related disease, 
mtDNA damage, HNE and/or isoprostane protein modi?ca 
tion related disease (eg artherosclerosis), too much lipid 
peroxidation, and the like. 
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[0074] As discussed previously, isoMnSOD inhibitors can 
be combined With any chemotherapeutic or anti-cancer drug. 
The term “chemotherapeutic” refers to any chemical com 
pound such as a cytotoXin used to treat the disease generally 
knoWn as cancer. In some embodiments, at least one isoMn 
SOD inhibitor is co-administered With at least one, at least 
tWo, at least three, at least four, at least ?ve, at least siX, at 
least seven, or at least ten chemotherapeutics. In some 
embodiments, one or more isoMnSOD inhibitors are co 

administered With an antibody that recognizes HER-2 (e.g. 
HerceptinTM), a nucleic acid damaging agent (e.g. Topoi 
somerase II inhibitor, doXorubicin, epirubicin, daunorubicin, 
idarubicin, or anthracenedione), or combinations thereof. 
The cancer to be treated can be any cancer including, but not 
limited to Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, 
breast cancer, ovarian cancer, testicular cancer, acute leuke 
mia, soft tissue sarcoma, lung cancer (e.g., non-small cell), 
bladder cancer, pancreatic cancer, gastric cancer, thyroid 
cancer, hepatoma, Wilm’s tumor, glioma, or neuroblastoma. 
In some embodiments, the cancer is breast cancer. 

[0075] In some embodiments, the present invention pro 
vides a composition comprising one or more chemothera 
peutics and one or more isoMnSOD inhibitors. In some 

embodiments, the present invention provides a composition 
comprising one or more antibodies and one or more isoMn 

SOD inhibitors. In some embodiments, the present invention 
provides a composition comprising one or more chemo 
therapeutics, one or more antibodies, and one or more 

isoMnSOD inhibitors. In some embodiments, the composi 
tion is a pharmaceutical composition. The enZyme fatty acid 
amide hydrolase is knoWn to recogniZe and break 
doWn fatty acids and their derivatives. Therefore, in some 
embodiments, an isoMnSOD inhibitor, such as an inhibitor 
that may be subject to cleavage by FAAH, is co-adminis 
tered With a FAAH inhibitor, Which Would prevent or inhibit 
the degradation of the isoMnSOD inhibitors by FAAH. 
Examples of FAAH inhibitors include, but are not limited to, 
4-benZyloXyphenyl-n-butylcarbamate, CAY10400TM, and 
the inhibitors described in Boger et al. (PNAS, 97(10):5044 
5049, Which is herein incorporated by reference in its 
entirety). 
[0076] Example isoMnSOD inhibitors 
eXample, compounds of Formula I: 

include, for 

[0077] or pharmaceutically acceptable salts or prodrugs 
thereof, Wherein: 

[0078] Alk is C2_100 alkenyl or C2_100 alkynyl, each 
optionally substituted by one or more R1; 

[0080] L2 is absent, C1_6 alkylenyl, C2_6 alkenylenyl, 
or C2_6 alkynylenyl, each optionally substituted by 
one or more R4; 

[0081] D is aryl or heteroaryl, each optionally sub 
stituted by one or more R5; 

[0082] R1 and R4 are each, independently, halo, 
cyano, nitro, C1_6 alkyl, CL6 haloalkyl, C2_6 alkenyl, 
C2_6 alkynyl, aryl, heteroaryl, C3_7 cycloalkyl, het 
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[0083] R2 and R3 are each, independently, H, C1_6 
alkyl, C2_6 alkenyl, C2_6 alkynyl, C1_6 haloalkyl, aryl, 
heteroaryl, C3_7 cycloalkyl, heterocycloalkyl, aryla 
lkyl, heteroarylalkyl; (C3_7 cycloalkyl)alkyl or het 
erocycloalkylalkyl; 

[0084] R5 is halo, CL6 alkyl, C2_6 alkenyl, C2_6 alky 
nyl, CL4 haloalkyl, aryl, cycloalkyl, heteroaryl, het 
erocycloalkyl, CN, N02, OR12, SR12, C(O)R13, 
C(O)NR14R15, C(O)OR12, OC(O)R13, 
OC(O)NR14R15, NR14R15, NR14C(O)R15, 
NR14C(O)OR12, S(O)R13, S(O)NR14R15, S(O)2R13, 
or S(O)2NR14R15; 

[0085] R6 is H, CL6 alkyl, C2_6 alkenyl, C2_6 alkynyl, 
C1_6 haloalkyl, aryl, heteroaryl, C3_7 cycloalkyl, het 
erocycloalkyl, arylalkyl, heteroarylalkyl, (C3_7 
cycloalkyl)alkyl, heterocycloalkylalkyl, or NRloRll; 

[0086] R7 is H, CL6 alkyl, C2_6 alkenyl, C2_6 alkynyl, 
C1_6 haloalkyl, alkoXyalkyl, haloalkoXyalkyl, ary 
loXyalkyl, heteroaryloXyalkyl, cycloalkyloXyalkyl, 
heterocycloalkyloXyalkyl, aryl, heteroaryl, C3-C7 
cycloalkyl, heterocycloalkyl, arylalkyl, heteroaryla 
lkyl; (C3_7 cycloalkyl)alkyl or heterocycloalkylalkyl; 

[0087] R8 and R9 are each, independently, H, C1_6 
alkyl, C2_6 alkenyl, C2_6 alkynyl, CL6 haloalkyl, aryl, 
heteroaryl, C3_7 cycloalkyl, heterocycloalkyl, aryla 
lkyl, heteroarylalkyl; (C3_7 cycloalkyl)alkyl or het 
erocycloalkylalkyl; 

[0088] or R8 and R9 together With the N atom to 
Which they are attached form a 3-, 4-, 5-, 6-, or 
7-membered heterocycloalkyl group; 

[0089] R10 and R11 are each, independently, H, C1-C6 
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C1-C6 
haloalkyl, aryl, heteroaryl, C3-C7 cycloalkyl or het 
erocycloalkyl; 

[0090] R12 is H, CL6 alkyl, CL6 haloalkyl, C2_6 alk 
enyl, C2_6 alkynyl, aryl, cycloalkyl, heteroaryl or 
heterocycloalkyl; 

[0091] R13 is H, CL6 alkyl, C1_6 haloalkyl, C2_6 alk 
enyl, C2_6 alkynyl, aryl, cycloalkyl, heteroaryl or 
heterocycloalkyl; and 

[0092] R14 and R15 are each, independently, H, C1_6 alkyl, 
C1_6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl, cycloalkyl, 
arylalkyl, or cycloalkylalkyl; or or R14 and R15 together With 
the N atom to Which they are attached form a 4-, 5-, 6- or 
7-membered heterocycloalkyl group. 

[0093] In some embodiments, Alk is C2_5O alkenyl. 

[0094] In some embodiments, Alk is C4_3O alkenyl. 

[0095] In some embodiments, Alk is C16_2O alkenyl. 

[0096] In some embodiments, Alk is C17, C18 or C19 
alkenyl. 

[0097] In some embodiments, Alk is C2_5O alkenyl com 
prising at least tWo double bonds. 

[0098] In some embodiments, Alk is C2_5O alkenyl com 
prising at least four double bonds. 
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[0099] In some embodiments, Alk comprises at least one 
bis-allylic methylene group. 

[0100] In some embodiments, Alk comprises 1 to about 10 
bis-allylic methylene groups. 

[0101] In some embodiments, Alk comprises 2 to 5 bis 
allylic methylene groups. 

[0102] In some embodiments, Alk corresponds to the 
alkenyl group of a polyunsaturated fatty acid. 

[0103] In some embodiments, L1 is O, CO, C(O)O, 
C(O)NR2, NR2 or NR2C(O)NR3. 

[0104] In some embodiments, L1 is CO, C(O)O, C(O)NR2 
or NR2. 

[0105] In some embodiments, L1 is C(O)NR2. 

[0106] In some embodiments, L2 is absent or C1_6 alkyle 
nyl. 

[0107] 
[0108] In some embodiments, D is phenyl, naphthyl, 
anthracenyl, phenanthrenyl, indanyl, indenyl, pyridyl, pyri 
midinyl, pyraZinyl, pyridaZinyl, triaZinyl, furyl, quinolyl, 
isoquinolyl, thienyl, imidaZolyl, thiaZolyl, indolyl, pyrryl, 
oxaZolyl, benZofuryl, benZothienyl, benZthiaZolyl, isox 
aZolyl, pyraZolyl, triaZolyl, tetraZolyl, indaZolyl, 1,2,4-thia 
diaZolyl, isothiaZolyl, benZothienyl, purinyl, carbaZolyl, 
benZimidaZolyl, or indolinyl, each optionally substituted by 
one or more R5. 

[0109] In some embodiments, R5 is halo, C1_6 alkyl, C2_6 
alkenyl, C2_6 alkynyl, C1_4 haloalkyl, aryl, cycloalkyl, het 
eroaryl, heterocycloalkyl, CN, NO2, OR12 or NR4R15. 

[0110] In some embodiments, R5 is halo, C1_6 alkyl, C1_4 
haloalkyl, CN, NO2, OR 2 or NR14R15. 

[0111] 
[0112] 
[0113] Further examples isoMnSOD inhibitors include 
arachidonoyl dopamine (AA-DA; Cayman Chemical, MI), 
arachidonoyl serotonin (AA-serotonin; Cayman Chemical, 
MI), eicosapentaenoyl dopamine (EPA-DA; Cayman 
Chemical, MI), docosahexaenoyl dopamine (DPH-DA; 
Cayman Chemical, MI), and C18:4(00-3)-dopamine (Inter 
national Technology Transfer Concepts), and the like, each 
of Which Was found to inhibit pro-oxidant activity of isoMn 
SOD according to at least one of the assays provided in the 
Examples. 

[0114] Further examples of isoMnSOD inhibitors include 
arachidonoyl-5-methoxytryptamine (AA-MOT; Cayman 
Chemical, MI), eicosapentaenoyl-5-methoxytryptamine 
(EPA-MOT; Cayman Chemical, MI), N-(4-hydroxypheny 
l)arachidonoylamide (AM404; Cayman Chemical, MI); 
eicosapentaenoyl serotonin; docosahexaenoyl serotonin; 
arachidonoyl tyramine; arachidonoyl phenethylamine, 
C18:3(00-3)-dopamine; C20:3(00-6)-dopamine; C22:5(00-3) 
dopamine, and the like. 

In some embodiments, L2 is Ca 3 alkylenyl. 

In some embodiments, R5 is OH. 

In some embodiments, R5 is methoxy. 

[0115] At various places in the present speci?cation, sub 
stituents of compounds of the invention are disclosed in 
groups or in ranges. It is speci?cally intended that the 
invention include each and every individual subcombination 
of the members of such groups and ranges. For example, the 
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term C1_6 alkyl” is speci?cally intended to individually 
disclose methyl, ethyl, C3 alkyl, C4 alkyl, C5 alkyl, and C6 
alkyl. 

[0116] For compounds of the invention in Which a variable 
appears more than once, each variable can be a different 
moiety selected from the Markush group de?ning the vari 
able. For example, Where a structure is described having tWo 
R groups that are simultaneously present on the same 
compound; the tWo R groups can represent different moi 
eties selected from the Markush group de?ned for R. 

[0117] It is further appreciated that certain features of the 
invention, Which are, for clarity, described in the context of 
separate embodiments, can also be provided in combination 
in a single embodiment. Conversely, various features of the 
invention Which are, for brevity, described in the context of 
a single embodiment, can also be provided separately or in 
any suitable subcombination. 

[0118] As used herein, the term “alkyl” is meant to refer 
to a saturated hydrocarbon group Which is straight-chained 
or branched. Example alkyl groups include methyl (Me), 
ethyl (Et), propyl (e.g., n-propyl and isopropyl), butyl (e.g., 
n-butyl, isobutyl, t-butyl), pentyl (e.g., n-pentyl, isopentyl, 
neopentyl), and the like. An alkyl group can contain from 1 
to about 20, from 2 to about 20, from 1 to about 10, from 1 
to about 8, from 1 to about 6, from 1 to about 4, or from 1 
to about 3 carbon atoms. 

[0119] As used herein, “alkenyl” refers to an alkyl group 
having one or more double carbon-carbon bonds. Example 
alkenyl groups include ethenyl, propenyl, and the like. 

[0120] As used herein, “alkynyl” refers to an alkyl group 
having one or more triple carbon-carbon bonds. Example 
alkynyl groups include ethynyl, propynyl, and the like. 

[0121] As used herein, “alkylenyl” refers to a divalent 
alkyl linking group. 

[0122] As used herein, “alkenylenyl” refers to a divalent 
alkenyl linking group. 

[0123] As used herein, “alkynylenyl” refers to a divalent 
alkynyl linking group. 

[0124] As used herein, “haloalkyl” refers to an alkyl group 
having one or more halogen substituents. Example haloalkyl 
groups include CF3, C2135, CHF2, CCl3, CHCl2, C2Cl5, and 
the like. 

[0125] As used herein, “aryl” refers to monocyclic or 
polycyclic (e.g., having 2, 3 or 4 fused rings) aromatic 
hydrocarbons such as, for example, phenyl, naphthyl, 
anthracenyl, phenanthrenyl, indanyl, indenyl, and the like. 
In some embodiments, aryl groups have from 6 to about 20 
carbon atoms. 

[0126] As used herein, “cycloalkyl” refers to non-aromatic 
cyclic hydrocarbons including cycliZed alkyl, alkenyl, and 
alkynyl groups. Cycloalkyl groups can include mono- or 
polycyclic (e.g., having 2, 3 or 4 fused rings) ring systems 
as Well as spiro ring systems. Example cycloalkyl groups 
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclopentenyl, cyclohexenyl, cyclohexadienyl, 
cycloheptatrienyl, norbornyl, norpinyl, norcamyl, adaman 
tyl, and the like. Also included in the de?nition of cycloalkyl 
are moieties that have one or more aromatic rings fused (i.e., 
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having a bond in common With) to the cycloalkyl ring, for 
example, benZo derivatives of pentane, pentene, hexane, and 
the like. 

[0127] As used herein, a “heteroaryl” group refers to an 
aromatic heterocycle having at least one heteroatom ring 
member such as sulfur, oxygen, or nitrogen. Heteroaryl 
groups include monocyclic and polycyclic (e.g., having 2, 3 
or 4 fused rings) systems. Examples of heteroaryl groups 
include Without limitation, pyridyl, pyrimidinyl, pyraZinyl, 
pyridaZinyl, triaZinyl, furyl, quinolyl, isoquinolyl, thienyl, 
imidaZolyl, thiaZolyl, indolyl, pyrryl, oxaZolyl, benZofuryl, 
benZothienyl, benZthiaZolyl, isoxaZolyl, pyraZolyl, triaZolyl, 
tetraZolyl, indaZolyl, 1,2,4-thiadiaZolyl, isothiaZolyl, ben 
Zothienyl, purinyl, carbaZolyl, benZimidaZolyl, indolinyl, 
and the like. In some embodiments, the heteroaryl group has 
from 1 to about 20 carbon atoms, and in further embodi 
ments from about 3 to about 20 carbon atoms. In some 
embodiments, the heteroaryl group contains 3 to about 14, 3 
to about 7, or 5 to 6 ring-forming atoms. In some embodi 
ments, the heteroaryl group has 1 to about 4, 1 to about 3, 
or 1 to 2 heteroatoms. 

[0128] As used herein, “heterocycloalkyl” refers to non 
aromatic heterocycles including cycliZed alkyl, alkenyl, and 
alkynyl groups Where one or more of the ring-forming 
carbon atoms is replaced by a heteroatom such as an O, N, 
or S atom. Example “heterocycloalkyl” groups include 
morpholino, thiomorpholino, piperaZinyl, tetrahydrofuranyl, 
tetrahydrothienyl, 2,3-dihydrobenZofuryl, 1,3-benZodiox 
ole, benZo-1,4-dioxane, piperidinyl, pyrrolidinyl, isoxaZo 
lidinyl, isothiaZolidinyl, pyraZolidinyl, oxaZolidinyl, thiaZo 
lidinyl, imidaZolidinyl, and the like. Also included in the 
de?nition of heterocycloalkyl are moieties that have one or 
more aromatic rings fused (i.e., having a bond in common 
With) to the nonaromatic heterocyclic ring, for example 
phthalimidyl, naphthalimidyl, and benZo derivatives of het 
erocycles such as indolene and isoindolene groups. In some 
embodiments, the heterocycloalkyl group has from 1 to 
about 20 carbon atoms, and in further embodiments from 
about 3 to about 20 carbon atoms. In some embodiments, the 
heterocycloalkyl group contains 3 to about 14, 3 to about 7, 
or 5 to 6 ring-forming atoms. In some embodiments, the 
heterocycloalkyl group has 1 to about 4, 1 to about 3, or 1 
to 2 heteroatoms. In some embodiments, the heterocy 
cloalkyl group contains 0 to 3 double bonds. In some 
embodiments, the heterocycloalkyl group contains 0 to 2 
triple bonds. 

[0129] As used herein, “arylalkyl” refers to an alkyl group 
substituted by an aryl group. 

[0130] As used herein, “cycloalkylalkyl” refers to an alkyl 
group substituted by a cycloalkyl group. 

[0131] As used herein, “heteroarylalkyl” refers to an alkyl 
group substituted by a heteroaryl group. 

[0132] As used herein, “heterocycloalkylalkyl” refers to 
an alkyl group substituted by a heterocycloalkyl group. 

[0133] As used herein, “halo” or “halogen” includes 
?uoro, chloro, bromo, and iodo. 

[0134] As used herein, “alkoxy” refers to an —O-alkyl 
group. Example alkoxy groups include methoxy, ethoxy, 
propoxy (e.g., n-propoxy and isopropoxy), t-butoxy, and the 
like. 
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[0135] As used herein, “haloalkoxy” refers to an —O 
haloalkyl group. An example haloalkoxy group is OCF3. 

[0136] As used herein, “aryloxy” refers to —O-aryl. 

[0137] As used herein, “heteroaryloxy” refers to —O 
heteroaryl. 

[0138] As used herein, “cycloalkyloxy” refers to —O 
cycloalkyl. 

[0139] As used herein, “heterocycloalkyloxy” refers to 
—O-heterocycloalkyl. 

[0140] As used herein, “alkoxyalkyl” refers to alkyl sub 
stituted by alkoxy. 

[0141] As used herein, “haloalkoxyalkyl” refers to alkyl 
substituted by haloalkoxy. 

[0142] As used herein, “aryloxyalkyl” refers to alkyl sub 
stituted by aryloxy. 

[0143] As used herein, “heteroaryloxyalkyl” refers to 
alkyl substituted by heteroaryloxy. 

[0144] As used herein, “cycloalkyloxyalkyl” refers to 
alkyl substituted by cycloalkyloxy. 

[0145] As used herein, “heterocycloalkyloxyalkyl” refers 
to alkyl substituted by heterocycloalkyloxy. 

[0146] As used herein, the term “bis-allylic” is used as 
knoWn in the art and refers to a metheylene group (CH2) 
?anked by double bonds. For example, the CH2 moiety of 
—CH=CH—CH2—CH=CH— is a bis-allylic methylene 
group. 

[0147] The compounds described herein can be asymmet 
ric (e.g., having one or more stereocenters). All stereoiso 
mers, such as enantiomers and diastereomers, are intended 
unless otherWise indicated. Compounds of the present 
invention that contain asymmetrically substituted carbon 
atoms can be isolated in optically active or racemic forms. 
Methods on hoW to prepare optically active forms from 
optically active starting materials are knoWn in the art, such 
as by resolution of racemic mixtures or by stereoselective 
synthesis. Many geometric isomers of ole?ns, C=N double 
bonds, and the like can also be present in the compounds 
described herein, and all such stable isomers are contem 
plated in the present invention. C is and trans geometric 
isomers of the compounds of the present invention are 
described and may be isolated as a mixture of isomers or as 
separated isomeric forms. 

[0148] Resolution of racemic mixtures of compounds can 
be carried out by any of numerous methods knoWn in the art. 
An example method includes fractional recrystalliZaion 
using a “chiral resolving acid” Which is an optically active, 
salt-forming organic acid. Suitable resolving agents for 
fractional recrystalliZation methods are, for example, opti 
cally active acids, such as the D and L forms of tartaric acid, 
diacetyltartaric acid, dibenZoyltartaric acid, mandelic acid, 
malic acid, lactic acid or the various optically active cam 
phorsulfonic acids such as a-camphorsulfonic acid. Other 
resolving agents suitable for fractional crystalliZation meth 
ods include stereoisomerically pure forms of P-methylben 
Zylamine (e.g., S and R forms, or diastereomerically pure 
forms), 2-phenylglycinol, norephedrine, ephedrine, N-me 
thylephedrine, cyclohexylethylamine, 1,2-diaminocyclo 
hexane, and the like. 
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[0149] Resolution of racemic mixtures can also be carried 
out by elution on a column packed With an optically active 
resolving agent (e.g., dinitrobenZoylphenylglycine). Suit 
able elution solvent composition can be determined by one 
skilled in the art. 

[0150] Compounds of the invention can also include tau 
tomeric forms, such as keto-enol tautomers. Tautomeric 
forms can be in equilibrium or sterically locked into one 
form by appropriate substitution. 

[0151] Compounds of the invention can also include all 
isotopes of atoms occurring in the intermediates or ?nal 
compounds. Isotopes include those atoms having the same 
atomic number but different mass numbers. For example, 
isotopes of hydrogen include tritium and deuterium. 

[0152] The phrase “pharmaceutically acceptable” is 
employed herein to refer to those compounds, materials, 
compositions, and/or dosage forms Which are, Within the 
scope of sound medical judgment, suitable for use in contact 
With the tissues of human beings and animals Without 
excessive toxicity, irritation, allergic response, or other 
problem or complication, commensurate With a reasonable 
bene?t/risk ratio. 

[0153] The present invention also includes pharmaceuti 
cally acceptable salts of the compounds described herein. As 
used herein, “pharmaceutically acceptable salts” refers to 
derivatives of the disclosed compounds Wherein the parent 
compound is modi?ed by converting an existing acid or base 
moiety to its salt form. Examples of pharmaceutically 
acceptable salts include, but are not limited to, mineral or 
organic acid salts of basic residues such as amines; alkali or 
organic salts of acidic residues such as carboxylic acids; and 
the like. The pharmaceutically acceptable salts of the present 
invention include the conventional non-toxic salts or the 
quaternary ammonium salts of the parent compound formed, 
for example, from non-toxic inorganic or organic acids. The 
pharmaceutically acceptable salts of the present invention 
can be synthesiZed from the parent compound Which con 
tains a basic or acidic moiety by conventional chemical 
methods. Generally, such salts can be prepared by reacting 
the free acid or base forms of these compounds With a 
stoichiometric amount of the appropriate base or acid in 
Water or in an organic solvent, or in a mixture of the tWo; 
generally, nonaqueous media like ether, ethyl acetate, etha 
nol, isopropanol, or acetonitrile are preferred. Lists of suit 
able salts are found in Remington’s Pharmaceutical Sci 
ences, 17th ed., Mack Publishing Company, Easton, Pa., 
1985, p. 1418 and Journal ofPharmaceutical Science, 66, 2 
(1977), each of Which is incorporated herein by reference in 
its entirety. 

[0154] The present invention also includes prodrugs of the 
compounds described herein. As used herein, “prodrugs” 
refer to any covalently bonded carriers Which release the 
active parent drug When administered to a mammalian 
subject. Prodrugs can be prepared by modifying functional 
groups present in the compounds in such a Way that the 
modi?cations are cleaved, either in routine manipulation or 
in vivo, to the parent compounds. Prodrugs include com 
pounds Wherein hydroxyl, amino, sulfhydryl, or carboxyl 
groups are bonded to any group that, When administered to 
a mammalian subject, cleaves to form a free hydroxyl, 
amino, sulfhydryl, or carboxyl group respectively. Examples 
of prodrugs include, but are not limited to, acetate, formate 
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and benZoate derivatives of alcohol and amine functional 
groups in the compounds of the invention. Preparation and 
use of prodrugs is discussed in T. Higuchi and V. Stella, 
“Pro-drugs as Novel Delivery Systems,” Vol. 14 of the 
ACS Symposium Series, and in Bioreversible Carriers in 
Drug Design, ed. EdWard B. Roche, American Pharmaceu 
tical Association and Pergamon Press, 1987, both of Which 
are hereby incorporated by reference in their entirety. 

[0155] Synthesis 

[0156] IsoMnSOD inhibitors of Formula I, including salts, 
hydrates, and solvates thereof, can be prepared using knoWn 
organic synthesis techniques and can be synthesiZed accord 
ing to any of numerous possible synthetic routes. 

[0157] The reactions for preparing compounds of Formula 
I can be carried out in suitable solvents Which can be readily 
selected by one of skill in the art of organic synthesis. 
Suitable solvents can be substantially non-reactive With the 
starting materials (reactants), the intermediates, or products 
at the temperatures at Which the reactions are carried out, 
e.g., temperatures Which can range from the solvent’s freeZ 
ing temperature to the solvent’s boiling temperature. A given 
reaction can be carried out in one solvent or a mixture of 
more than one solvent. Depending on the particular reaction 
step, suitable solvents for a particular reaction step can be 
selected. 

[0158] Preparation of compounds of Formula I can 
involve the protection and deprotection of various chemical 
groups. The need for protection and deprotection, and the 
selection of appropriate protecting groups can be readily 
determined by one skilled in the art. The chemistry of 
protecting groups can be found, for example, in T. W. 
Greene and P. G. M. Wuts, Protective Groups in Organic 
Synthesis, 3rd. Ed., Wiley & Sons, Inc., NeW York (1999), 
Which is incorporated herein by reference in its entirety. 

[0159] Reactions can be monitored according to any suit 
able method knoWn in the art. For example, product forma 
tion can be monitored by spectroscopic means, such as 
nuclear magnetic resonance spectroscopy (e.g., 1H or 13C) 
infrared spectroscopy, spectrophotometry (e.g., UV-visible), 
or mass spectrometry, or by chromatography such as high 
performance liquid chromatography (HPLC) or thin layer 
chromatography. 

[0160] Compounds of Formula I are commercially avail 
able (e.g., Cayman Chemical, MI) or can be prepared 
according to numerous preparatory routes knoWn in the 
literature. For example, polyunsatuarated fatty acids (e.g., 
arachidonic acid, linoleic acid, linolenic acid, docosa 
hexaenoic acid, eicosapentaenoic acid, C18:4(u)-3) fatty 
acid, C20:4(o-3) fatty acid, C20:3(u)-6) fatty acid, C20:3(u) 
3) fatty acid, C22:5(u)-3) fatty acid, C22:4(u)-3) fatty acid, 
C22:4(u)-6) fatty acid, C22:3(o-3) fatty acid, etc.) can be 
combined With arylamines, heteroarylamines, arylalky 
lamines, heteroarylalkylamines, etc. optionally in the pres 
ence of an acid or base to form the amide-linked (L1= 
CONR2) product of Formula I. The resulting amide bond 
can be further reduced in the presence of a suitable reducing 
agent such as hydrogen over Pd catalyst to form the corre 
sponding amine-linked (L1=NR2) product of Formula I. 
Additionally, the fatty acids can be combined With arylhy 
droxides (e.g. phenols) optionally in the presence of an acid 
or base to form ester-linked (L1=COO) compounds of For 
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mula I Which can, in turn, be reduced to form ether-linked 
(L1=O) compounds of Formula I. Other coupling reactions 
between fatty acids or derivatives thereof and aryl or het 
eroaryl reagents are Well knoWn in the art and can form 
carbonyl, ureido, sulfonyl, sul?nyl, sulfonamide and other 
linkages useful in the preparation of compounds of Formula 
I. Example coupling reactions can be found in March, 
Advanced Organic Chemistry, 4th ed. John Wiley & Sons, 
NY, 1992 and Kemp et al., Organic Chemistry, Worth 
Publishers, Inc. NY, 1980; each of Which is incorporated 
herein by reference in its entirety. 

[0161] In addition to the isoMnSOD inhibitors described 
herein, any isoMnSOD inhibitor can be used. The present 
invention provides methods for identifying isoMnSOD 
inhibitors using methods that are described herein and the 
Examples. One of skill in the art can identify an isoMnSOD 
inhibitor by isolating an isoMnSOD polypeptide and mea 
suring the activity With and Without a candidate compound. 
In some embodiments, the candidate compound Will inhibit 
the pro-oxidant activity of isoMnSOD and Would, therefore, 
be considered an inhibitor of isoMnSOD activity. In some 
embodiments, the compound reduces the pro-oxidant activ 
ity of isoMnSOD by at least 10%, at least 20%, at least 30%, 
at least 40%, at least 50%, at least 60%, at least 70%, at least 
80%, at least 90%, at least 95%, at least 96%, at least 97%, 
at least 98%, at least 99%, or 100%. This assay can also be 
used to identify activators of isoMnSOD activity. Methods 
of measuring pro-oxidant activity are knoWn in the art and 
are also described herein. 

[0162] In some embodiments, an isoMnSOD inhibitor is 
identi?ed by a method comprising contacting a cell express 
ing isoMnSOD With a test compound; measuring a isoMn 
SOD mediated event in the cell; and comparing the isoMn 
SOD mediated event in the cell to a cell that has not been 
contacted With the test compound; Wherein a decrease in the 
isoMnSOD mediated event indicates that the test compound 
is an isoMnSOD inhibitor. An “isoMnSOD mediated event” 
refers to a process or phenotypic event that is regulated or 
facilitated by isoMnSOD. In some embodiments, an 
“isoMnSOD mediated event” is cell death, oxidation, lipid 
peroxidation, isoprostane production, HNE production, iso 
prostane protein modi?cation, HNE protein modi?cation, or 
the like. In some embodiments, the “isoMnSOD mediated 
event is not oxidation. In some embodiments, the test 
compound is an antibody, peptide, polypeptide, nucleic 
molecule, small molecule, and the like. In some embodi 
ments the test compound is not a nucleic acid molecule. In 
some embodiments, the test compound is not a small mol 
ecule compound. 

[0163] IsoMnSOD activity can also be measured in vivo 
or in vitro by its pro-apoptotic activity. Induction of the 
isoMnSOD protein can lead to the premature cell death by 
apoptosis or by another mechanism. Therefore, by using a 
cell that normally does not express isoMnSOD, one of skill 
in the art can identify inhibitors of isoMnSOD activity by 
inhibiting the premature cell death of a cell. 

[0164] As a non-limiting example, one of skill in the art 
can transform or transfect a cell line that does not express 
isoMnSOD or expresses isoMnSOD at a loW level With a 
nucleic acid molecule that expresses the isoMnSOD gene 
and protein. The expression of isoMnSOD in the cell line 
can lead to a phenotypic change that is measurable such as, 
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for example, cell viability, cell death markers (e.g. caspase 
cleavage and expression), gene expression, protein expres 
sion, protein cleavage, and the like. A compound can be 
tested as an inhibitor of isoMnSOD activity to determine if 
the compound has an effect on the phenotype that is 
observed due to the expression of isoMnSOD. If the com 
pound reduces the effect that is observed, the compound is 
said to be an inhibitor. In contrast, this assay can also be used 
to identify activators of isoMnSOD activity by determining 
Whether the compound increases the effects of isoMnSOD as 
measured by a phenotype. In some embodiments, the com 
pound Will be tested in a cell line that does not express 
isoMnSOD and compared to a cell line that expresses 
isoMnSOD to determine if the change in phenotype is 
speci?c for the expression of isoMnSOD. 

[0165] In some embodiments, a compound is considered 
to be an isoMnSOD inhibitor if the compound reduces the 
effect of isoMnSOD by at least 10%, at least 20%, at least 
30%, at least 40%, at least 50%, at least 60%, at least 70%, 
at least 80%, at least 90%, at least 95%, at least 96%, at least 
97%, at least 98%, at least 99%, or 100%. In some embodi 
ments, the compound reduces the pro-oxidant activity or 
pro-apoptotic activity of isoMnSOD by at least 10%, at least 
20%, at least 30%, at least 40%, at least 50%, at least 60%, 
at least 70%, at least 80%, at least 90%, at least 95%, at least 
96%, at least 97%, at least 98%, at least 99%, or 100%. 

[0166] isoMnSOD inhibitors can also be identi?ed using 
assays that measure isoMnSOD mediated HNE production, 
isoprostane production, or lipid peroxidation. A compound 
Would be considered to be an isoMnSOD inhibitor if the 
compound inhibits the amount of HNE or isoprostanes 
produced in a cell or if the compound inhibits lipid peroxi 
dation. In some embodiments, these assays are performed in 
a cell Where isoMnSOD is exogenously produced. 

[0167] As used herein, the term “exogenously produced” 
refers to protein, peptide, or nucleic acid molecule that is not 
normally expressed in a cell or Was not originally part of the 
genome of a cell. A gene or protein can be exogenously 
produced by using a nucleic acid molecule such as, for 
example, a plasmid or a virus (e.g. retrovirus, DNA virus, 
adenovirus, adeno-associated virus, and the like). In some 
embodiments, the nucleic acid molecule is free of infectious 
particles. 

[0168] IsoMnSOD inhibitors can also be identi?ed using 
animal models that have drug induced toxicity, such as 
non-ischemic heart failure. For example, a mammal can be 
treated With one or more chemotherapeutics that causes 
toxicity in the mammal. A test compound can be adminis 
tered in conjunction With the chemotherapeutic to determine 
if it reduces the drug-induced toxicity. In some embodi 
ments, the drug-induced toxicity is non-ischemic heart fail 
ure. Inducing toxicity using doxorubicin in animal models 
has been previously performed, see, for example, Arola et al. 
Cancer Research, 60:1789-1792. Therefore, an individual or 
non-human animal that has been treated With doxorubicin 
can be treated With a compound to determine if it is an 
isoMnSOD inhibitor. A compound is said to be an isoMn 
SOD inhibitor if it reduces the toxicity of the drug by at least 
10%, at least 20%, at least 30%, at least 40%, at least 50%, 
at least 60%, at least 70%, at least 80%, at least 90%, at least 
95%, at least 96%, at least 97%, at least 98%, at least 99%, 
or 100%. 
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[0169] A compound can also be identi?ed as an isoMn 
SOD inhibitor by determining if the compound can bind to 
the isoMnSOD protein. Methods for determining the bind 
ing of a compound to a protein are knoWn to one of ordinary 
skill in the art and any routine method can be used. As 
non-limiting examples, the compounds can be labeled to see 
if the compound interacts With the polypeptide. Once the 
compound is contacted With an individual, cell or protein, a 
cross-linking agent can be used to determine if the com 
pound binds to the protein. If a compound is found to bind 
to an isoMnSOD protein either in vivo or in vitro and it 
inhibits an activity of isoMnSOD it is considered to be an 
isoMnSOD inhibitor. If a compound is found to bind to an 
isoMnSOD protein either in vivo or in vitro and it activates 
an activity of isoMnSOD it is considered to be an isoMn 
SOD activator. 

[0170] The present invention has also identi?ed that 
isoMnSOD is induced under speci?c circumstances, Which 
includes, but is not limited to, drug-induced toxicity. There 
fore, the expression of isoMnSOD can be used as a marker 
of drug induced toxicity. The ability to identify compounds 
that cause toxicity Would save time and money in the 
development of drugs by discarding drugs that are prohibi 
tively toxic and pursuing compounds With little toxicity or 
acceptable levels of toxicity. Therefore, the present inven 
tion provides methods of measuring toxicity of one or more 
compounds by contacting the one or more compounds With 
a cell, Wherein the cell contains a nucleic acid molecule 
having a genomic fragment of MnSOD gene spanning Exon 
2 to Exon 4 of the MnSOD gene, Wherein the genomic 
fragment comprises a frameshift mutation in Exon 3, and is 
operably linked to a reporter gene, Wherein expression of the 
reporter gene is indicative of toxicity. The reporter gene Will 
only be expressed if the alternative transcript form of 
isoMnSOD gene is expressed or in the case of a genomic 
fragment if the alternative splice event occurs. Under non 
toxic conditions (eg the drug does not cause toxicity) the 
reporter gene Will not be expressed due to the presence of the 
frameshift mutation located in Exon 3 or equivalent 
sequence. Under drug-inducing toxic conditions the cells 
machinery removes Exon 3 by an alternative splicing 
mechanism, thereby alloWing the expression of the reporter 
gene. The detection of the reporter gene either by RNA 
expression (e.g. mRNA or RNA), protein expression or the 
protein’s activity indicates that the drug is toxic. If the 
reporter gene is not expressed or the reporter gene’s activity 
is not detected, the compound is considered to be non-toxic. 
Methods of detecting gene expression are knoWn to one of 
ordinary skill in the art and include, but are not limited to, 
RT-PCR, northern blot, Western blot, immuno?uorescence, 
immunoprecipitation, and the like. 

[0171] A “reporter gene” refers to any gene that is used as 
indication that the splicing event has occurred. In some 
embodiments, the reporter gene is a luciferase gene, [3-ga 
lactosidase gene, a secreted alkaline phosphatase gene, or a 
?uorescent protein (e.g. green ?uorescent protein (GFP), red 
?uorescent protein, cyan ?uorescent protein, or yelloW ?uo 
rescent protein), and the like. In some embodiments, the 
reporter gene can be a gene that is not expressed in the cell 
or is expressed at loW levels, so that an increase in expres 
sion is detected. The reporter gene can be detected using any 
method including, but not limited to, Western blot (to 
measure the protein expression of the reporter gene), enZy 
matic activity of the reporter gene product, ?uorescent 
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microscopy (e.g. immuno?uorescence), ultraviolet absorp 
tion, RT-PCR (to detect the presence of the reporter gene’s 
RNA or mRNA), and the like. This method can also alloW 
the screening of more than one compound to determine if 
compositions or compounds in combination With one 
another Would produce toxic effects. In some embodiments 
the composition comprises at least one compound, at least 
tWo compounds, at least three compounds, at least four 
compounds, or at least ?ve compounds. In some embodi 
ments, the compound is a pharmaceutical composition com 
prising a drug. In some embodiments, the drug is a small 
molecule, antibody, nucleic acid molecule (e.g. DNA, RNA, 
or virus), and the like. 

[0172] In addition to the reporter gene being present in a 
cell line and a compound is tested in vitro (e. g. in cell culture 
or test tube), a transgenic non-human animal can be created 
incorporating a nucleic acid molecule comprising a genomic 
fragment of MnSOD gene spanning Exon 2 to Exon 4 of said 
gene, Wherein the fragment comprises a frameshift mutation 
in Exon 3, and is operably linked to a reporter gene. The 
production of non-human transgenic animal is Well knoWn 
to one of ordinary skill in the art and only requires routine 
experimentation (see, for example, Transgenic Animal Tech 
nology: A Laboratory Handbook 2nd ed., Carl Pinkert, 
Academic Press (2002); Mouse Genetics and Transgenics: A 
Practical Approach, Oxford University Press (2000); and 
Gene Targeting: A Practical Approach 2nd ed., Oxford Uni 
versity Press (2000). Upon the generation of a transgenic 
animal (e.g. mouse or rat) one or more compounds can be 
tested to determine if the compound induces the expression 
of the reporter gene. The expression of the reporter gene 
Would be indicative of drug-induced toxicity. 

[0173] In either the in vivo or in vitro systems the reporter 
gene may be expressed Without being induced by the test 
compound. HoWever, if a test compound Were to increase 
the expression of the reporter gene, it Would then be con 
sidered to be toxic. In some embodiments, a test compound 
is considered to be toxic if the test compound increases the 
expression of the reporter gene over the basal levels by at 
least 10%, by at least 20%, by at least 30%, by at least 40%, 
by at least 50%, by at least 60%, by at least 70%, by at least 
80%, by at least 90%, by at least 100%, by at least 200%, by 
at least 300%. As used herein, the term “basal level” refers 
to the level of expression that occurs in a cell or animal that 
occurs Without being contacted With a test compound. 

[0174] In addition, to using a reporter gene, one of skill in 
the art could measure the expression of isoMnSOD mRNA, 
protein, activity of isoMnSOD, or combinations thereof to 
determine if a compound is toxic. The expression or activity 
of isoMnSOD can be compared in the absence and the 
presence of one or more test compounds. If the expression 
or activity of isoMnSOD is increased in the presence of one 
or more test compounds as compared to the expression of 
isoMnSOD in the absence of the one or more test com 

pounds, the increase in expression is indicative of the one or 
more compounds being toxic. If the expression or activity of 
isoMnSOD is not increased in the presence of one or more 
test compounds, then the lack of increase in expression is 
indicative of the compound not being toxic. 

[0175] In some embodiments, a change in expression or 
activity of isoMnSOD or of the above-mentioned reporter 
gene is indicative of the one or more test compounds being 


























