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(57) ABSTRACT 

The invention provdes methods of reducing tissue damage 
resulting from ischemia Which comprise administering to a 
mammal in need of such reduction an effective amount of a 
combination, or a pharmaceutical composition comprising 

such combination, of an NHE-1 inhibitor and a second 
compound selected from the group consisting of: (a) a 
complement modulator, (b) a metabolic modulator, (c) an 
anti-apoptotic agent, (d) a nitric oxide synthase-related 
agent, and (e) an enzyme/protein modulator. The invention 
further provides pharmaceutical compositions comprising 
an amount of an NHE-1 inhibitor; an amount of a second 

compound selected from the group consisting of (a) a 
complement modulator, (b) a metabolic modulator, (c) an 
anti-apoptotic agent, (d) a nitric oxide synthase-related 
agent, and an enzyme/protein modulator selected from the 
group consisting of a protein kinase C activator, an endot 
helin converting enZyme inhibitor, a tissue-activated ?brin 
olytic inhibitor (TAFI), a Na"/Ca+2 exchanger isoform-1 
(NCX-1) inhibitor, and a poly (ADP ribose) synthetase 
(PARS/PARP) inhibitor; and, preferably, a pharmaceutically 
acceptable pharmaceutically acceptable carrier, vehicle, or 
diluent. The invention further provides kits comprising an 
amount of a sodium-hydrogen exchanger type-1 inhibitor, 
and a pharmaceutically acceptable carrier, vehicle, or diluent 
in a ?rst unit dosage form; an amount of a second compound 
selected from the group consisting of (a) a complement 
modulator, (b) a metabolic modulator, (c) an anti-apoptotic 
agent, (d) a nitric oxide synthase-related agent, and (e) an 
enzyme/protein modulator selected from the group consist 
ing of a protein kinase C activator, an endothelin converting 
enZyme inhibitor, a tissue-activated ?brinolytic inhibitor 
(TAF I), a Na"/Ca+2 exchanger isoform-1 (NCX- 1) inhibitor, 
and a poly (ADP ribose) synthetase (PARS/PARP) inhibitor, 
and a pharmaceutically acceptable carrier, vehicle, or diluent 
in a second unit dosage form; and a container. 
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COMBINATION THERAPY 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/264,173, Jan.25, 2001. 

FIELD OF THE INVENTION 

[0002] The invention relates to methods of reducing tissue 
damage resulting from ischemia using a combination, or a 
pharmaceutical composition of such combination, of a 
sodium/hydrogen exchange type-1 (NHE-1) inhibitor and a 
second compound selected from the group consisting of: (a) 
a complement modulator, (b) a metabolic modulator, (c) an 
antiapoptotic agent, (d) a nitric oxide synthase-related agent, 
and (e) an enZyme/protein modulator. The invention further 
provides kits directed to such combinations. 

BACKGROUND OF THE INVENTION 

[0003] Ischemic injury, particularly to that of the myocar 
dium, can occur in out patients as Well as in perioperative 
settings and can lead to the development of sudden death, 
myocardial infarction, or congestive heart failure. There is 
currently an unmet medical need to prevent or minimiZe 
myocardial ischemic injury, particularly perioperative myo 
cardial infarction. Such therapy is anticipated to be lifesav 
ing and reduce the need for hospitaliZation, enhance quality 
of life and reduce overall health care costs of high risk 
patients. 
[0004] Pharmacological cardioprotection Would reduce 
the incidence and progression of myocardial infarction and 
dysfunction occurring in these perioperative surgical set 
tings. In addition to reducing myocardial damage and 
improving postischemic myocardial function in patients 
With ischemic heart disease, cardioprotection Would also 
decrease the incidence of cardiac morbidity and mortality 
due to myocardial infarction and dysfunction in “at risk” 
patients (i.e., those patients greater than 65 years of age, 
exercise intolerant, those suffering from coronary artery 
disease, diabetes mellitus, or hypertension, and the like) that 
require non-cardiac surgery. 

[0005] In response thereto, numerous therapeutic regi 
mens have been developed, for example, the use of com 
pounds that inhibit the sodium/hydrogen exchange type-1 
(NHE-1) transport system. The mechanism by Which NHE-1 
inhibitors elicit protective effects against ischemia, particu 
larly that affecting the myocardium, consists of a reduction 
in the increased sodium ion in?ux Which is caused in 
reperfused/hypoperfused tissues due to intracellular acidi? 
cation and subsequent activation of the sodium/hydrogen 
exchange transport system. This results in a delay of sodium 
overload of the tissue. Since sodium and calcium ion trans 
port are coupled in cardiac tissue, this also prevents the 
life-threatening calcium overload of myocardial cells. 

[0006] The use of NHE-1 inhibitors in combination With 
certain other therapeutic agents is generally knoWn. For 
example, EPO 0 918 515 discloses the use of NHE-1 
inhibitors With blood pressure reducing agents, ACE-inhibi 
tors, angiotensin receptors antagonists, fat level reducing 
agents, and HMG-CoA reductase inhibitors; CA 2,227,112 
discloses the use of NHE-1 inhibitors With sodium-depen 
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dent bicarbonate/chloride exchanger (NCBE) inhibitors; CA 
2,245,776 discloses the use of NHE-1 inhibitors With, inter 
alia, [3-receptor blockers, calcium antagonists, loop diuret 
ics, thiaZide diuretics, potassium-sparing diuretics, aldoster 
one antagonists, cardiac glycosides, antiarrythmics, KATP 
channel openers, KATP channel blockers, and veratride 
activatable sodium channel inhibitors; and commonly 
assigned PCT International Application Publication No. WO 
99/43663 discloses the use of NHE-1 inhibitors With, inter 
alia, adenosine, adenosine agonists, nitrates, platelet inhibi 
tors, aspirin, dipyridamol, potassium chloride, clonidine, 
praZosin, and adenosine A3-receptor agonists. 

[0007] In accordance With the practice of the kits, methods 
and pharmaceutical compositions of the instant invention, it 
is believed that the administration of a combination of an 
NHE-1 inhibitor and a second compound selected from the 
group consisting of: (a) a complement modulator, (b) a 
metabolic modulator, (c) an anti-apoptotic agent, (d) a nitric 
oxide synthase-related agent, and (e) an enZyme/protein 
modulator selected from the group consisting of a protein 
kinase C activator, an endothelin converting enZyme inhibi 
tor, a tissue-activated ?brinolytic inhibitor (TAFI), a Na+/ 
Ca+2 exchanger isoform-1 (NCX-1) inhibitor, and a poly 
(ADP ribose) synthetase (PARS/PARP) inhibitor, Will afford 
greater therapeutic advantages than either of the combina 
tion components administered alone. 

SUMMARY OF THE INVENTION 

[0008] The invention provdes methods of reducing tissue 
damage resulting from ischemia Which comprise adminis 
tering to a mammal in need of such reduction an effective 
amount of a combination, or a pharmaceutical composition 
comprising such combination, of an NHE-1 inhibitor and a 
second compound selected from the group consisting of: (a) 
a complement modulator, (b) a metabolic modulator, (c) an 
anti-apoptotic agent, (d) a nitric oxide synthase-related 
agent, and (e) an enZyme/protein modulator. 

[0009] The invention further provides pharmaceutical 
compositions comprising an amount of an NHE-1 inhibitor; 
an amount of a second compound selected from the group 
consisting of (a) a complement modulator, (b) a metabolic 
modulator, (c) an anti-apoptotic agent, (d) a nitric oxide 
synthase-related agent, and (e) an enZyme/protein modulator 
selected from the group consisting of a protein kinase C 
activator, an endothelin converting enZyme inhibitor, a tis 
sue-activated ?brinolytic inhibitor (TAFI), a Na"/Ca+2 
exchanger isoform-1 (NCX-1) inhibitor, and a poly (ADP 
ribose) synthetase (PARS/PARP) inhibitor; and, preferably, 
a pharmaceutically acceptable pharmaceutically acceptable 
carrier, vehicle, or diluent. 

[0010] The invention further provides a kit comprising an 
amount of a sodium-hydrogen exchanger type-1 inhibitor, 
and a pharmaceutically acceptable carrier, vehicle, or diluent 
in a ?rst unit dosage form; an amount of a second compound 
selected from the group consisting of (a) a complement 
modulator, (b) a metabolic modulator, (c) an anti-apoptotic 
agent, (d) a nitric oxide synthase-related agent, and (e) an 
enZyme/protein modulator selected from the group consist 
ing of a protein kinase C activator, an endothelin converting 
enZyme inhibitor, a tissue-activated ?brinolytic inhibitor 
(TAF I), a Na"/Ca+2 exchanger isoform-1 (NCX- 1) inhibitor, 
and a poly (ADP ribose) synthetase (PARS/PARP) inhibitor, 
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and a pharmaceutically acceptable carrier, vehicle, or diluent 
in a second unit dosage form; and a container. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] The invention provides methods of reducing tissue 
damage (e.g., substantially preventing tissue damage and/or 
inducing tissue protection) resulting from ischemia Which 
methods comprise administering to a mammal (e.g., human 
male or female) in need of such reduction a therapeutically 
effective amount of a combination, or a pharmaceutical 
composition comprising such combination, of a sodium 
hydrogen exchanger type 1 (NHE-l) inhibitor, and a second 
compound selected from the group consisting of (a) a 
complement modulator, (b) a metabolic modulator, (c) an 
anti-apoptotic agent, (d) a nitric oxide synthase-related 
agent, and (e) an enZyme/protein modulator selected from 
the group consisting of a protein kinase C activator, an 
endothelin converting enZyme inhibitor, a tissue-activated 
?brinolytic inhibitor (TAFI), a Na"/Ca+2 exchanger iso 
form-1 (NCX-l) inhibitor, and a poly (ADP ribose) syn 
thetase (PARS/PARP) inhibitor. 

[0012] Preferred ischemic tissues that may be treated in 
accordance With the methods of the present invention com 
prise those tissues selected from the group consisting of 
brain, cardiac, liver, kidney, lung, gut, skeletal muscle, 
spleen, pancreas, nerve, spinal cord, retinal tissue, vascula 
ture, and intestinal tissue. An especially preferred tissue 
comprises cardiac tissue. 

[0013] Although any NHE-l inhibitor may be employed 
in the methods and pharmaceutical compositions of the 
present invention, it is generally preferred that such inhibitor 
be selected from the group consisting of: 

[0014] (a) a compound of Formula (I) 

(I) 

0 NH; 

[0015] a prodrug thereof, or a pharmaceutically acceptable 
salt of the compound or the prodrug thereof; Wherein: 

[0016] Z is carbon connected and is a ?ve-membered, 
diaZa, diunsaturated ring having tWo contiguous nitrogens, 
said ring optionally mono-, di-, or tri-substituted With up to 
three substituents independently selected from R1, R2 and 
R3; 
[0017] or 

[0018] Z is carbon connected and is a ?ve-membered, 
triaZa, diunsaturated ring, said ring optionally mono- or 
di-substituted With up to tWo substituents independently 
selected from R4 and R5; 

[0019] Wherein R1, R2, R3, R4 and R5 are each indepen 
dently hydrogen, hydroxy(C1-C4)alkyl, (C1-C4)alkyl, (C1 
C4)alkylthio, (C3-C4)cycloalkyl, (C3-C7)cycloalkyl(C1 
C4)alkyl, (C1-C4)alkoxy, (C1-C4)alkoxy(C1-C4)alkyl, 
mono-N- or di-N,N-(C1-C4)alkylcarbamoyl, M or M(C1 
C4)alkyl, any of said previous (C1-C4)alkyl moieties option 
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ally having from one to nine ?uorines; said (C1-C4)alkyl or 
(C3-C4)cycloalkyl optionally mono-or di-substituted inde 
pendently With hydroxy, (C1-C4)alkoxy, (C1-C4)alklthio, 
(C1-C4)alkylsul?nyl, (C1-C4)alkylsulfonyl, (C1-C4)alkyl, 
mono-N- or di-N,N-(C1-C4)alkylcarbamoyl or mono-N- or 
di-N,N-(C1-C4)alkylaminosulfonyl; and said (C3 
C4)cycloalkyl optionally having from one to seven ?uorines; 

[0020] Wherein M is a partially saturated, fully saturated 
or fully unsaturated ?ve to eight membered ring optionally 
having one to three heteroatoms selected independently 
from oxygen, sulfur and nitrogen, or, a bicyclic ring con 
sisting of tWo fused partially saturated, fully saturated or 
fully unsaturated three to six membered rings, taken inde 
pendently, optionally having one to four heteroatoms 
selected independently from nitrogen, sulfur and oxygen; 

[0021] said M is optionally substituted, on one ring if the 
moiety is monocyclic, or one or both rings if the moiety is 
bicyclic, on carbon or nitrogen With up to three substituents 
independently selected from R6, R7 and R8, Wherein one of 
R6, R7 and R8 is optionally a partially saturated, fully 
saturated, or fully unsaturated three to seven membered ring 
optionally having one to three heteroatoms selected inde 
pendently from oxygen, sulfur and nitrogen optionally sub 
stituted With (C1-C4)alkyl and additionally R6, R7 and R8 are 
optionally hydroxy, nitro, halo, (C1-C4)alkoxy, (C1 
C4)alkoxycarbonyl, (C1-C4)alkyl, formyl, (C1-C4)alkanoyl, 
(C1-C4)alkanoyloxy, (C1-C4)alkanoylamino, (C1 
C4)alkoxycarbonylamino, sulfonamido, (C1 
C4)alkylsulfonamido, amino, mono-N- or di-N,N-(C1 
C4)alkylamino, carbamoyl, mono-N- or di-N,N-(C1 
C4)alkylcarbamoyl, cyano, thiol, (C1-C4)alkylthio, (C1 
C4)alkylsul?nyl, (C1-C4)alkylsulfonyl, mono-N- or di-N,N 
(C1-C4)alkylaminosulfonyl, (C2-C4)alkenyl, (C2-C4)alkynyl 
or (C5-C7)cycloalkenyl, 

[0022] Wherein said (C1-C4)alkoxy, (C1-C4)alkyl, (C1 
C7)alkanoyl, (C1-C4)alkylthio, mono-N- or di-N,N-(C1 
C4)alkylamino or (C3-C7)cycloalkyl R6, R7 and R8 substitu 
ents are optionally mono- substituted independently With 
hydroxy, (C1-C4)alkoxycarbonyl, (C3-C7)cycloalkyl, (C1 
C4)alkanoyl, (C1-C4)alkanoylamino, (C1-C4)alkanoyloxy, 
(C1-C4)alkoxycarbonylamino, sulfonamido, (C1 
C4)alkylsulfonamido, amino, mono-N- or di-N,N-(C1 
C4)alkylamino, carbamoyl, mono-N- or di-N,N-(C1 
C4)alkylcarbamoyl, cyano, thiol, nitro, (C1-C4)alkylthio, 
(C1-C4)alkylsul?nyl, (C1-C4)alkylsulfonyl or mono-N- or 
di-N,N-(C1-C4)alkylaminosulfonyl or optionally substituted 
With one to nine ?uorines; 

[0023] (b) cariporide, or a pharmaceutically accept 
able salt thereof; 

[0024] (c) eniporide, or a pharmaceutically accept 
able salt thereof; 

[0025] (d) BIIB 513, or a pharmaceutically accept 
able salt thereof; 

[0026] (e) TY-l 2533, or a pharmaceutically accept 
able salt thereof; and 

[0027] SM-15681, or a pharmaceutically accept 
able salt thereof. 

[0028] Especially preferred Formula (I) compounds are 
those compounds selected from the group consisting of: 
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[0082] [1-(3-chloroindaZol-5-yl)-5-ethyl-1H-pyra 
Zole-4-carbonyl]guanidine; 

[0083] [1-(5 -quinolinyl) -5 -butyl- 1H-pyraZole -4-car 
bonyl]guanidine; 

[0084] [5-propyl-1-(6-quinolinyl)-1H-pyraZole-4 
carbonyl]g uanidine; 

[0085] [5-isopropyl-1-(6-quinolinyl)-1H-pyraZole-4 
carbonyl]guanidine; 

[0086] [1-(indaZol-7-yl) -3 -methyl- 1H-pyraZole -4 
carbonyl] guanidine; 

[0087] [1-(2,1 ,3 -benZothiadiaZol-4-yl) -3 -methyl- 1H 
pyraZole-4-carbonyl]guanidine; 

[0088] and 

[0089] [3-methyl-1-(quinolin-5-yl)-1H-pyraZole-4 
carbonyl]guanidine; the prodrugs thereof, and the 
pharmaceutically acceptable salts of the compounds, 
and the prodrugs. 

[0090] The compounds of Formula (I), the prodrugs 
thereof, and the pharmaceutically acceptable salts of the 
compounds and prodrugs, may be prepared as disclosed in 
the aforementioned, commonly-assigned PCT International 
Application Publication No. WO 99/43663, the disclosure of 
Which is incorporated herein by reference. 

[0091] The preferred NHE-l inhibitor cariporide, i.e. 
N-(aminoiminomethyl)-4-(1-methylethyl)-3-(methylsulfo 
nyl)-benZamide, may be prepared as disclosed in US. Pat. 
No. 5,591,754, the disclosure of Which is incorporated 
herein by reference. The preferred NHE-l inhibitor eni 
poride, i.e. N-(aminoiminomethyl)-2-methyl-5-(methylsul 
fonyl)-4-(1H-pyrrol-1-yl)-benZamide, may be prepared as 
disclosed in Us. Pat. No. 5,753,680, the disclosure of Which 
is incorporated herein by reference. The preferred NHE-l 
inhibitor BIIB-513, i.e. N-(aminoiminomethyl)-4-(4-(2 
furanylcarbonyl)-1-piperaZinyl)-3-(methylsulfonyl)-benZa 
mide, may be prepared as disclosed in Us. Pat. No. 6,114, 
335, the disclosure of Which is incorporated herein by 
reference. The preferred NHE-l inhibitor TY-12533, i.e. 
6,7,8,9-tetrahydro-2-methyl-5H-cyclohepta[b]pyridine-3 
carbonylguanidine, may be prepared as disclosed in PCT 
International Application Publication No. WO 98/39300, the 
disclosure of Which is incorporated herein by reference. The 
preferred NHE-l inhibitor SM-15681, i.e. N-(aminoimi 
nomethyl)-1-methyl-1H-indole-2-carboXamide, may be pre 
pared as disclosed in EPO 0 708 091, the disclosure of Which 
is incorporated herein by reference. 

[0092] The ability of a compound to function as an NHE-l 
inhibitor may be determined according to the protocols 
described in detail hereinbeloW. 

[0093] A complement modulator refers generally to an 
agent that modulates, i.e., regulates or inhibits, certain 
thermolabile substances, normally present in the serum, that 
are destructive to certain bacteria and other cells sensitiZed 
by a speci?c complement-?xing antibody knoWn as anti 
body C. Antibody C comprises a group of at least 20 
disparate serum proteins, the activity of Which is affected by 
a series of interactions resulting in enZymatic cleavages 
Which can folloW at least tWo distinct pathWays. The 
complement pathWays contribute to myocardial ischemia 
reperfusion injury in vivo, ostensibly via a combination of 

Jul. 25, 2002 

mechanisms including, but not limited to, stimulation of 
cytokine release from various cell types, eXpression of 
adhesion molecules, and neutrophil in?ltration, of Which all 
mechanisms directly elicit cell death. Accordingly, it is 
believed that the administration of a combination of an 
NHE-1 inhibitor and a complement modulator Will afford 
greater protection from tissue damage resulting from 
ischemia than either agent administered alone. 

[0094] Although any complement modulator may be 
employed in the methods and pharmaceutical compositions 
of the instant invention, it is generally preferred that such 
complement modulator be selected from the group consist 
ing of a C5a inhibitor, preferably L-747981, or a pharma 
ceutically acceptable salt thereof, a soluble complement 
receptor type 1 (sCR1) inhibitor, or an analog thereof, 
preferably amidinophenylpyruvic acid (APPA), and a Cl 
esterase inhibitor. 

[0095] The preferred C5a inhibitor L-747981, the chemi 
cal structure of Which is shoWn hereinbeloW, and the phar 
maceutically acceptable salts thereof, may be prepared 
according to knoWn synthetic methods. 

1 O O O 

1&0 
Ph 

/CH3 

L-747891 

[0096] The ability of L-747981 to selectively bind to the 
C5a receptor is disclosed in Flanagan, K. L., et al., ACS, 
210th Chicago: MEDI 085 (1995). The preferred soluble 
complement receptor type 1 (sCR1) inhibitor amidinophe 
nylpyruvic acid (APPA), may be obtained commercially. 

[0097] The ability of a compound to inhibit C5a may be 
determined according to the methodology set forth in 
Vakeva, A. P., et al., Circulation, 97 (22), 2259-67 (1998). 
The ability of a compound to inhibit complement activation 
at the sCR1 receptor may be determined according to the 
protocols described by Rittershaus, C.W., J. Biol. Chem., 
274 (16), 11237-44 (1999). The ability of a compound to 
inhibit Cl esterase may be determined according to the 
methodology disclosed in Benny, A. G., et al., Haematolo 
gia, 22(3),189-93 (1989). 
[0098] Generally, the term metabolic modulator refers 
generally to any agent that serves to modulate, i.e., regulate, 
stimulate, or inhibit, one or more metabolic pathWays. With 
respect to the methods and pharmaceutical compositions of 
the present invention, metabolic modulators such as pyru 
vate dehydrogenase kinase inhibitors, for eXample, dichlo 
roacetate (DCA), activate the myocardial dehydrogenase 
(PDC) compleX, thus increasing glucose oxidation and 
decreasing fatty acid oxidation in the ischemic myocardium. 
Accordingly, reduction of ischemic tissue damage by treat 
ment With a combination of an NHE-1 inhibitor and a 
metabolic modulator should elicit additional cardioprotec 
tive bene?t. 
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[0099] Although any metabolic modulator may be 
employed in the methods and pharmaceutical compositions 
of the instant invention, it is generally preferred that such 
modulator be selected from the group consisting of a pyru 
vate dehydrogenase complex up-regulator/activator, prefer 
ably dichloroacetate (DCA), a pyruvate dehydrogenase 
kinase inhibitor, preferably DCA, a malonyl CoA decar 
boxylase inhibitor, an acetyl CoA carboxylase activator, a 
partial fatty acid oxidation (pFOX) inhibitor, preferably 
ranolaZine or trimetaZidine, a 5‘ AMP-activated protein 
kinase (AMPK) inhibitor, a carnitine palmitoyl transferase 
inhibitor, preferably etomoxir, and a fatty acid CoA synthase 
inhibitor, preferably triascin C. The preferred pFOX inhibi 
tors ranolaZine and trimetaZidine may be prepared as dis 
closed in Us. Pat. Nos. 4,567,264, and 4,663,325 respec 
tively, Which patents are incorporated herein in their entirety 
by reference. The preferred carnitine palmitoyl transferase 
inhibitor etomoxir may be prepared as disclosed in US. Pat. 
No. 4,337,267, the disclosure of Which is incorporated 
herein by reference. The preferred fatty acid CoA synthase 
inhibitor triascin C, i.e. (2E,4E,7E)-undecatrienal-nitroso 
hydraZone, may be prepared as disclosed in US. Pat. No. 
4,297,096, the disclosure of Which is incorporated herein by 
reference. 

[0100] The ability of a compound to function as a pyruvate 
dehydrogenase complex up-regulator/activator, a pyruvate 
dehydrogenase kinase inhibitor, or a malonyl CoA decar 
boxylase inhibitor, may be determined according to the 
methodologies disclosed in Stanley, W. C., et al., J. Mol. 
Cell. Cardiol., 28, 905-914 (1996). The ability of a com 
pound to function as an acetyl CoA carboxylase activator 
may be determined according to the protocols described in 
Belke, D. D., et al., Biochem. Biophys. Acta, 1391(1), 25-36 
(1998). The ability of a compound to function as a partial 
fatty acid oxidation (pFOX) inhibitor may be determined 
according to the procedures of McCormack J. G., et al., J. 
Appl. Physiol., 81/2, 905-910 (1996), or Merrill G. F., et al., 
Am. J. Physiol., 273, E1107-1112 (1997). The ability of a 
compound to function as a carnitine palmitoyl transferase 
inhibitor may be determined according to the methodology 
disclosed in Kudo, et al., J. Biol. Chem., 270, 17513-17520 
(1995). The ability of a compound to function as a 5‘ 
AMP-activated protein kinase (AMPK) inhibitor may be 
determined according to Haystead T. A., et al., Eur. J. 
Biochem., 187, 199-205 (1990). The ability of a compound 
to function as a fatty acid CoA synthase inhibitor may be 
determined according to the folloWing systems. 

[0101] Oxidase/Catalase Coupling System: 

_ _ FACS 

Oleic Acid + CoA + ATP ------> Oleoyl-CoA + AMP + PP1 

acyl-CoA oxidase 
Oleoyl-CoA + O2 ------------- ---> 

catalase 
H202 + CH3OH ————— ——-> 

trans-2-enoyl-COA + H202 

HCHO + 2H2O 

' d t " OH' 
HCHO + AHMT P-e-r}? j: -e-’- - - - -> triazoletetrazin dye (550 nm) 

A reduction in absorbance at 550 nm indicates fatty acid CoA synthase 
inhibition. 

Facts 
Oleic acid + CoA + ATP ------> Oleoyl-CoA + AMP + PPl 

ro hos hatase 
malachite: molybdate dye + PPl 2 - - R - - - - - -> 

malachite: molybdate: P04 (620 nm) 
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[0102] Areduction in absorbance at 620 nm indicates fatty 
acid CoA synthase inhibition. 

[0103] Generally, an anti-apoptotic agent inhibits apopto 
sis, i.e., programmed cell death, the process by Which certain 
cells self-destruct by fragmentation into membrane-bound 
particles Which are subsequently phagocytiZed by other 
cells, for example, macrophages. Because apoptosis is 
knoWn to occur during myocardial ischemia-reperfusion 
injury, it is believed that enZymatic inhibition of the apop 
totic cascade With an anti-apoptic agent, in combination With 
treatment With an NHE-1 inhibitor, Will confer greater 
protection from tissue damage resulting from ischemia than 
either agent administered alone. 

[0104] Although any anti-apoptotic agent may be 
employed in the methods and pharmaceutical compositions 
of the present invention, it is generally preferred that such 
anti-apoptotic agent comprise a caspase inhibitor. The term 
caspase inhibitor refers to any agent that inhibits the activity 
of caspases, a salient family of enZymes involved in the 
induction of apoptosis in mammalian cells, for example, 
excessive apoptosis of cardiac myocytes during reperfusion, 
and neuronal cells during ischemia. Generally preferred 
caspase inhibitors, useful in the methods and pharmaceutical 
compositions of the instant invention, comprise those com 
pounds selected from the group consisting of a compound of 
structural Formula (II) 

(II) 
o o O 

\\// 
R3\T/s NRIRZ 

R4 0 
NH 

R5 

[0105] Wherein 

[0106] R1 and R2, together With the nitrogen to Which they 
are attached, form a 4- to 7-membered ring; R3 and R4, 
together With the nitrogen atom to Which they are attached, 
form a 4- to 7-membered ring; and R is benZoyl, or (C1_ 
6)alkyl; and 

[0107] a compound of structural Formula (III) 

(III) 
0 O 
\\// 0 

R1\ /s 
N 

| 0 
R2 

R3 N\ 
R4 R5 

[0108] Wherein 

[0109] R1 is hydrogen, or (C1_4)alkyl; R2 is (C1_1O)alkyl, 
optionally substituted With aryl(C1_4)alkyl, optionally sub 
stituted heteroaryl(C1_4)alkyl, optionally substituted (C3_ 
7)cycloalkyl, or R1 and R2, together With the nitrogen to 
Which they are attached, form a 3- to 10-membered ring 
Which optionally contains an additional heteroatom selected 



US 2002/0099075 A1 

from oxygen, nitrogen, or sulfur; R3 and R4 are (C1_6)alkyl, 
hydrogen, nitro, or halogen; and R5 is (C1_6)alkyl, hydrogen, 
arylalkyl, or heteroarylalkyl. 

[0110] The preferred caspase inhibitors of structural For 
mula (II) may be prepared as described in PCT International 
Application Publication No. WO 99/65451. The preferred 
caspase inhibitors of structural Formula (III) may be pre 
pared as described in PCT International Application Publi 
cation No. WO 99/06367. 

[0111] The ability of a compound to inhibit apoptosis may 
be determined according to the methodology of Wu, J. C., et 
al., Methods, 17 (4), 320-8 (1999). The ability of an agent to 
function as a caspase inhibitor may be determined according 
to the methodologies disclosed in the aforementioned PCT 
International Application Publication Nos. WO 99/06367 
and WO 99-65451. 

[0112] The term nitric oxide synthase-related agent, as 
employed Within the context of the instant invention, refers 
generally to any agent that regulates, i.e., inhibits, promotes, 
or enhances, the enZymatic formation of nitric oxide (NO) 
free-radical, a knoWn mediator of cell-to-cell communica 
tion and potent vasodilator, Which free-radical is produced 
by the nitric oxide synthase-catalyZed reaction of L-arginine 
With 2 O2 and 1.5 NADPH. Because certain agents increase 
the expression of inducible nitric oxide synthase (iNOS, i.e., 
Type 3), the nitric oxide produced by this enZyme, or that 
generated by nitric oxide donors, is currently believed to be 
cardioprotective. Furthermore, NO produced acutely by 
endothelial NOS (Type 2), or neuronal NOS (Type 1) during 
ischemia-reperfusion injury is also believed to be cardio 
protective. For detailed discussions of the cardioprotective 
effects of NO produced by nitric oxide donors, see, for 
example, Takano, H., et al., Circ. Res., 83, 73-84 (1998) and 
Pabla, R., et al., Heart Circ. Physiol. 38, H1113-1121(1995). 
In direct contrast, it has been further disclosed that the 
inhibition of NO, through the activity of NOS inhibitors, 
also affords protection against ischemic injury. See, for 
example, Depre, C., et al., Circulation, 92, 1911-1918 (1995) 
and Woolfson, R. G., et al., Circulation, 91, 1545-1551 
(1995). Accordingly, it is believed that treatment With a 
nitric oxide synthase-related agent, in combination With an 
NHE-1 inhibitor, Will confer greater protection from tissue 
damage resulting from ischemia than either agent adminis 
tered alone. 

[0113] Although any nitric oxide synthase-related agent 
may be employed in the methods and pharmaceutical com 
positions of the present invention, it is generally preferred 
that such agent be selected from the group consisting of 
monophosphoryl lipid A, or an analog thereof, preferably 
RC-552 (MPL-C) or ONO-4007, a nitric oxide donor, pref 
erably nipride, and a nitric oxide synthase inhibitor, prefer 
ably aminoguanidine or N(G)-monomethyl-L-arginine 
(L-NMMA). 
[0114] The preferred monophosphoryl lipid A analog 
ONO-4077, i.e. (S)-2-deoxy-2-((1-oxo-3-((1-oxo-9-phenyl 
nonyl)oxy)-tetradecyl)amino)-, 3-benZenenonanoate 4-(hy 
drogen sulfate)-D-glucose, may be prepared as disclosed in 
US. Pat. Nos. 5,294,723 and 5,733,927, the disclosures of 
Which are incorporated herein by reference. The preferred 
nitric oxide donor nipride, i.e., sodium nitrosylpentacyano 
ferrate (II), may be prepared as described in Playfair, L., 
Proc. Roy. Soc. London 5, 846 (1849). The preferred nitric 
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oxide synthase inhibitor aminoguanidine may be prepared as 
described in Smith, G. B. L., et al., J. Am. Chem. Soc., 57, 
2730 (1935). The preferred nitric oxide inhibitor N(G) 
monomethyl-L-arginine (L-NMMA) may be obtained from 
commercial sources. 

[0115] The ability of an agent to function as a nitric oxide 
donor, nitric oxide synthase activator, or nitric oxide syn 
thase inhibitor may be determined according to the methods 
disclosed in Rees, D. D., et al., British Journal of Pharma 
cology, 101, 746-52 (1990), and Archer, S., FASEB Journal, 
7, 349-60 (1999). 

[0116] In the practice of the methods and pharmaceutical 
compositions of the invention, the NHE-1 inhibitor may 
further be employed in combination With an enZyme/protein 
modulator selected from the group consisting of a protein 
kinase C e activator, an endothelin converting enZyme 
inhibitor, preferably S-17162, a tissue-activated ?brinolytic 
(TAF I), a Na"/Ca+2 exchanger isoform-1 (NCX- 1) inhibitor, 
preferably KB-R7943, and a poly (ADP ribose) synthetase 
(PARS/PARP) inhibitor, preferably 3-aminobenZamide, or a 
compound, or a pharmaceutically acceptable salt, prodrug, 
active metabolite, or solvate thereof, of Formula (IV) 

(IV) 

[0117] 
[0118] R1 is H, halogen, cyano, an optionally substi 

tuted alkyl, alkenyl, alkynyl, cycloalkyl, heterocy 
cloalkyl, aryl, or heteroaryl group; 

[0119] or —C(O)—R1O, where R10 is hydrogen, an 

Wherein 

optionally substituted alkyl, alkenyl, alkynyl, 
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl 
group; 

[012100] or —OR100 or NRlooRllo, Where R100 and 
R are each independently H or an optionally sub 
stituted alkyl, alkenyl, alkynyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl group; 

[0121] R2 is H or alkyl; 

[0122] R3 is H or alkyl; 

[0123] R4 is H, halogen or alkyl; 

[0124] X is O or S; and 

[0125] Y is (CR5R6)(CR7R8)n or N=C(R5), Where n is 0 
or 1; R5 and R6 are each independently H or an optionally 
substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocy 
cloalkyl, aryl, or heteroaryl group; and R7 and R8 are each 
independently H or an optionally substituted alky, alkenyl, 
alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl 
group. 
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[0126] The term protein kinase C 6 refers to the cytoplas 
mic, calcium-activated family of kinases that are believed to 
be downstream mediators of, inter alia, the ischemic pre 
conditioning pathWay. Accordingly, because activators of 
this enZyme are cardioprotective, reduction of ischemic 
tissue damage by treatment With a combination of an NHE-l 
inhibitor and a protein kinase C e activator should provide 
additional cardioprotective bene?t. Endothelin is knoWn to 
contribute to myocardial ischemia-reperfusion injury and, 
therefore, by preventing endothelin production With an 
endothelin converting enZyme inhibitor, reduction of 
ischemic tissue damage by treatment With a combination of 
an NHE-1 inhibitor and an endothelin converting enZyme 
inhibitor should provide additional cardioprotective advan 
tages. Tissue-activated ?brinolytic inhibitors are knoWn to 
be useful in the treatment of both deep venous thrombosis 
(DVT) and acute coronary syndrome (ACS), a syndrome 
that embraces, inter alia, ischemic attack. Accordingly, 
reduction of ischemic tissue damage by treatment With a 
combination of an NHE-1 inhibitor and a TAFI inhibitor 
should elicit additional cardioprotective bene?t. During car 
diac reperfusion, Na"/Ca+2 exchanger isoform-1 (NCX-1) 
increases intracellular calcium levels, due to the increased 
intracellular sodium levels resulting from NHE-l activity, 
Which leads to contracture, arrhythmias, and cellular death. 
Thus, inhibition of NCX-1 is cardioprotective and, there 
fore, reduction of ischemic tissue damage by treatment With 
a combination of an NHE-1 inhibitor and an NCX-1 inhibi 
tor should elicit additional cardioprotective bene?t. PARS/ 
PARP is a DNA repair enZyme that is activated during 
myocardial ischemia/reperfusion injury in response to DNA 
single strand breaks. The enZyme consumes intracellular 
NAD+and ATP pools, and sloWs the rate of glycolysis and 
mitochondrial respiration Which can contribute to, or 
directly cause, cardiomyocyte dysfunction and/or death. 
Accordingly, PARS/PARP inhibitors are believed to be car 
dioprotective and, therefore, reduction of ischemic tissue 
damage by treatment With a combination of an NHE-l 
inhibitor and a PARS/PARP inhibitor should elicit additional 
cardioprotective bene?t. 
[0127] The preferred endothelin converting enZyme 
inhibitor S-17162, i.e. N-(2,3-dihydroxypropylphosphonyl 
(S)-Leu-(S)-Trp-OH, disodium salt, may be prepared as 
disclosed in Us. Pat. Nos. 5,481,030, 5,591,728, and 5,608, 
045, the disclosures of Which are hereby incorporated by 
reference in their entirety. The preferred Na"/Ca+2 
exchanger isoform-1 (NCX-1) inhibitor KB-R7943, i.e., 
(2-(2-(4-(4-nitrobenZyloxy)-phenyl)-ethyl)-isothiourea 
methanesulfonate), may be prepared as described in PCT 
International Application Publication No. WO 97/09306. 
The preferred poly (ADP ribose) synthetase (PARS/PARP) 
inhibitor 3-aminobenZamide is available commercially. The 
preferred poly (ADP ribose) synthetase (PARS/PARP) 
inhibitors of Formula (IV) may be prepared as disclosed in 
PCT International Application Publication No. WO 2000/ 
42040. 

[0128] The ability of an agent to function as a protein 
kinase C e activator may be determined according to the 
protocol disclosed in BoWling, N., et al., Circulation, 99, 
384-91 (1999). The ability of an agent to function as an 
endothelin converting enZyme inhibitor may be determined 
according to Fassina, G., et al., Peptide Res., 6, 73-78 
(1993). The ability of an agent to function as a tissue 
activated ?brinolytic inhibitor (TAFI) inhibitor may be 
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determined according to BajZar, L., et al., J. Biol. Chem., 
270, 14477-14484 (1995). The ability of an agent to function 
as a Na"/Ca+2 exchanger isoform-1 (NCX-1) inhibitor may 
be determined according to the methodology described by 
IWamoto, T., et al., Am. J. Physiol., 275, C423-430 (1998). 
The ability of an agent to function as a poly (ADP ribose) 
synthetase (PARS/PARP) inhibitor may be determined 
according to the methodologies of Decker, P., et al., Clinical 
Cancer Research, 5, 1169-1172 (1999). 

[0129] Generally, the NHE-1 inhibitor can be adminis 
tered to a mammal at dosage levels in the range of from 
about 0.001 to about 100 mg/kg body Weight per day. For a 
normal adult human having a body Weight of about 70 kg, 
a dosage in the range of from about 0.01 to about 50 mg/kg 
body Weight is typically preferred. HoWever, some variabil 
ity in these general dosage ranges may be required depend 
ing upon the age and Weight of the mammal being treated, 
the intended route of administration, the particular agent 
being administered, and the like. The determination of 
dosage ranges and optimal dosages for a particular mammal 
is Within the ability of one of ordinary skill in the art having 
the bene?t of the instant disclosure. 

[0130] The dosage of the complement modulator, meta 
bolic modulator, anti-apoptotic agent, nitric oxide synthase 
related agent, or enZyme/protein modulator Will also be 
generally dependent upon a number of factors including the 
health of the mammal being treated, the extent of treatment 
desired, the nature and kind of concurrent therapy, if any, 
and the frequency of treatment and the nature of the effect 
desired. In general, dosage ranges of complement modula 
tors, metabolic modulators, anti-apoptotic agents, nitric 
oxide synthase-related agents, and enZyme/protein modula 
tors range from about 0.001 to about 250 mg/kg body Weight 
per day. For a normal adult human having a body Weight of 
about 70 kg, a dosage in the range of from about 0.1 to about 
25 mg/kg body Weight is typically preferred. HoWever, some 
variability in this general dosage range may be required 
depending upon the age and Weight of the subject being 
treated, the intended route of administration, the particular 
agent being administered and the like. The determination of 
dosage ranges and optimal dosages for a particular mammal 
is also Well Within the ability of one of ordinary skill in the 
art having the bene?t of the instant disclosure. 

[0131] According to the methods of the invention, the 
combination of the NHE-1 inhibitor, and the second com 
pound selected from the group consisting of a complement 
modulator, a metabolic modulator, an anti-apoptotic agent, a 
nitric oxide synthase-related agent, and an enZyme/protein 
modulator selected from the group consisting of a protein 
kinase C activator, an endothelin converting enZyme inhibi 
tor, a tissue-activated ?brinolytic inhibitor (TAFI), a Na+/ 
Ca+2 exchanger isoform-1 (NCX-1) inhibitor, and a poly 
(ADP ribose) synthetase (PARS/PARP) inhibitor is admin 
istered to a mammal in need of treatment thereWith, pref 
erably in the form of a pharmaceutical composition. In the 
combination aspect of the invention, the NHE-1 inhibitor, 
and the second compound selected from the group consist 
ing of a complement modulator, a metabolic modulator, an 
anti-apoptotic agent, a nitric oxide synthase-related agent, 
and an enZyme/protein modulator selected from the group 
consisting of a protein kinase C activator, an endothelin 
converting enZyme inhibitor, a tissue-activated ?brinolytic 
inhibitor (TAFI), a Na"/Ca+2 exchanger isoform-1 (NCX-1) 
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inhibitor, and a poly (ADP ribose) synthetase (PARS/PARP) 
inhibitor may be administered either separately or in the 
pharmaceutical composition comprising both. It is generally 
preferred that such administration be oral. HoWever, if the 
subject being treated is unable to sWalloW, or oral adminis 
tration is otherWise impaired or undesirable, parenteral or 
transdermal administration Will be appropriate. 

[0132] According to the methods of the invention, When 
the NHE-l inhibitor, and the second compound selected 
from the group consisting of a complement modulator, a 
metabolic modulator, an anti-apoptotic agent, a nitric oxide 
synthase-related agent, and an enZyme/protein modulator 
selected from the group consisting of a protein kinase C 
activator, an endothelin converting enZyme inhibitor, a tis 
sue-activated ?brinolytic inhibitor (TAFI), a Na"/Ca+2 
exchanger isoform-1 (NCX-l) inhibitor, and a poly (ADP 
ribose) synthetase (PARS/PARP) inhibitor are administered 
together, such administration can be sequential in time or 
simultaneous With the simultaneous method being generally 
preferred. For sequential administration, the NHE-l inhibi 
tor, and the second compound selected from the group 
consisting of a complement modulator, a metabolic modu 
lator, an anti-apoptotic agent, a nitric oxide synthase-related 
agent, and an enZyme/protein modulator selected from the 
group consisting of a protein kinase C activator, an endot 
helin converting enZyme inhibitor, a tissue-activated ?brin 
olytic inhibitor (TAFI), a Na"/Ca+2 exchanger isoform-1 
(NCX-l) inhibitor, and a poly (ADP ribose) synthetase 
(PARS/PARP) inhibitor can be administered in any order. It 
is generally preferred that such administration be oral. It is 
especially preferred that such administration be oral and 
simultaneous. When the NHE-l inhibitor, and the second 
compound selected from the group consisting of a comple 
ment modulator, a metabolic modulator, an anti-apoptotic 
agent, a nitric oxide synthase-related agent, and an enZyme/ 
protein modulator selected from the group consisting of a 
protein kinase C activator, an endothelin converting enZyme 
inhibitor, a tissue-activated ?brinolytic inhibitor (TAFI), a 
Na+/Ca+2 exchanger isoform-1 (NCX-l) inhibitor, and a poly 
(ADP ribose) synthetase (PARS/PARP) inhibitor are admin 
istered sequentially, the administration of each can be by the 
same or by different methods. 

[0133] According to the methods of the invention, the 
combination of the NHE-l inhibitor, and the second com 
pound selected from the group consisting of a complement 
modulator, a metabolic modulator, an anti-apoptotic agent, a 
nitric oxide synthase-related agent, and an enZyme/protein 
modulator selected from the group consisting of a protein 
kinase C activator, an endothelin converting enZyme inhibi 
tor, a tissue-activated ?brinolytic inhibitor (TAFI), a Na+/ 
Ca+2 exchanger isoform-1 (NCX-l) inhibitor, and a poly 
(ADP ribose) synthetase (PARS/PARP) inhibitor is prefer 
ably administered in the form of a pharmaceutical compo 
sition comprising a pharmaceutically acceptable carrier, 
vehicle, or diluent. Accordingly, the combination of the 
NHE-l inhibitor, and the second compound selected from 
the group consisting of a complement modulator, a meta 
bolic modulator, an anti-apoptotic agent, a nitric oxide 
synthase-related agent, and an enZyme/protein modulator 
selected from the group consisting of a protein kinase C 
activator, an endothelin converting enZyme inhibitor, a tis 
sue-activated ?brinolytic inhibitor (TAFI), a Na"/Ca+2 
exchanger isoform-1 (NCX-l) inhibitor, and a poly (ADP 
ribose) synthetase (PARS/PARP) inhibitor can be adminis 
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tered to a patient separately or together in any conventional 
oral, rectal, transdermal, parenteral, (for example, intrave 
nous, intramuscular, or subcutaneous) intracisternal, intrav 
aginal, intraperitoneal, intravesical, local (for example, poW 
der, ointment or drop), or buccal, or nasal, dosage form . 

[0134] Compositions suitable for parenteral injection may 
comprise pharmaceutically acceptable sterile aqueous or 
nonaqueous solutions, dispersions, suspensions, or emul 
sions, and sterile poWders for reconstitution into sterile 
injectable solutions or dispersions. Examples of suitable 
aqueous and nonaqueous carriers, diluents, solvents, or 
vehicles include Water, ethanol, polyols (propylene glycol, 
polyethylene glycol, glycerol, and the like), suitable mix 
tures thereof, vegetable oils (such as olive oil) and injectable 
organic esters such as ethyl oleate. Proper ?uidity can be 
maintained, for example, by the use of a coating such as 
lecithin, by the maintenance of the required particle siZe in 
the case of dispersions, and by the use of surfactants. 

[0135] These compositions may also contain adjuvants 
such as preserving, Wetting, emulsifying, and dispersing 
agents. Prevention of microorganism contamination of the 
compositions can be accomplished With various antibacte 
rial and antifungal agents, for example, parabens, chlorobu 
tanol, phenol, sorbic acid, and the like. It may also be 
desirable to include isotonic agents, for example, sugars, 
sodium chloride, and the like. Prolonged absorption of 
injectable pharmaceutical compositions can be brought 
about by the use of agents capable of delaying absorption, 
for example, aluminum monostearate and gelatin. 

[0136] Solid dosage forms for oral administration include 
capsules, tablets, poWders, and granules. In such solid 
dosage forms, the active compound is admixed With at least 
one inert customary pharmaceutical excipient (or carrier) 
such as sodium citrate or dicalcium phosphate or (a) ?llers 
or extenders, as for example, starches, lactose, sucrose, 
mannitol, and silicic acid; (b) binders, as for example, 
carboxymethylcellulose, alginates, gelatin, polyvinylpyr 
rolidone, sucrose, and acacia; (c) humectants, as for 
example, glycerol; (d) disintegrating agents, as for example, 
agar-agar, calcium carbonate, potato or tapioca starch, alg 
inic acid, certain complex silicates, and sodium carbonate; 
(e) solution retarders, as for example, paraf?n; absorption 
accelerators, as for example, quaternary ammonium com 
pounds; (g) Wetting agents, as for example, cetyl alcohol and 
glycerol monostearate; (h) adsorbents, as for example, 
kaolin and bentonite; and/or lubricants, as for example, 
talc, calcium stearate, magnesium stearate, solid polyethyl 
ene glycols, sodium lauryl sulfate, or mixtures thereof. In the 
case of capsules and tablets, the dosage forms may also 
comprise buffering agents. 

[0137] Solid compositions of a similar type may also be 
used as ?llers in soft or hard ?lled gelatin capsules using 
such excipients as lactose or milk sugar, as Well as high 
molecular Weight polyethylene glycols, and the like. 

[0138] Solid dosage forms such as tablets, dragees, cap 
sules, and granules can be prepared With coatings and shells, 
such as enteric coatings and others Well knoWn in the art. 
They may also contain opacifying agents, and can also be of 
such composition that they release the active compound or 
compounds in a delayed manner. Examples of embedding 
compositions that can be used are polymeric substances and 
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Waxes. The active compounds can also be in micro-encap 
sulated form, if appropriate, With one or more of the above 
mentioned eXcipients. 

[0139] Liquid dosage forms for oral administration 
include pharmaceutically acceptable emulsions, solutions, 
suspensions, syrups, and eliXirs. In addition to the active 
compounds, the liquid dosage form may contain inert dilu 
ents commonly used in the art, such as Water or other 
solvents, solubiliZing agents and emulsi?ers, as for eXample, 
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl 
acetate, benZyl alcohol, benZyl benZoate, propylene glycol, 
1,3-butylene glycol, dimethylformamide, oils, in particular, 
cottonseed oil, groundnut oil, corn germ oil, olive oil, castor 
oil, and sesame seed oil, glycerol, tetrahydrofurfuryl alco 
hol, polyethylene glycols and fatty acid esters of sorbitan, or 
miXtures of these substances, and the like. 

[0140] Besides such inert diluents, the composition can 
also include adjuvants, such as Wetting agents, emulsifying 
and suspending agents, sWeetening, ?avoring, and perfum 
ing agents. 

[0141] Suspensions, in addition to the active compound, 
may further comprise suspending agents, as for eXample, 
ethoXylated isostearyl alcohols, polyoXyethylene sorbitol 
and sorbitan esters, microcrystalline cellulose, aluminum 
metahydroXide, bentonite, agar-agar, and tragacanth, or miX 
tures of these substances, and the like. 

[0142] Compositions for rectal administration preferably 
comprise suppositories, Which can be prepared by miXing a 
compound of the present invention With suitable non-irri 
tating eXcipients or carriers such as cocoa butter, polyeth 
ylene glycol or a suppository Wax, Which are solid at 
ordinary room temperature, but liquid at body temperature, 
and therefore, melt in the rectal cavity thereby releasing the 
active component. 

[0143] Dosage forms for topical administration of the 
NHE-l inhibitor, and the second compound selected from 
the group consisting of a complement modulator, a meta 
bolic modulator, an anti-apoptotic agent, a nitric oXide 
synthase-related agent, and an enZyme/protein modulator 
selected from the group consisting of a protein kinase C 
activator, an endothelin converting enZyme inhibitor, a tis 
sue-activated ?brinolytic inhibitor (TAFI), a Na"/Ca+2 
eXchanger isoform-1 (NCX-l) inhibitor, and a poly (ADP 
ribose) synthetase (PARS/PARP) inhibitor may comprise 
ointments, poWders, sprays and inhalants. The active agent 
or agents are admiXed under sterile condition With a phar 
maceutically acceptable carrier, and any preservatives, buff 
ers, or propellants that may be required. 

[0144] The combinations and pharmaceutical composi 
tions comprising the combinations of the present invention 
are useful as therapeutants or prophylactic agents for dis 
eases caused or aggravated by the acceleration of the 
sodium/hydrogen (Na+/H+) eXchange transport system, for 
eXample, cardiovascular diseases [e.g., arteriosclerosis, 
hypertension, arrhythmia (e. g. ischemic arrhythmia, arrhyth 
mia due to myocardial infarction, myocardial stunning, 
myocardial dysfunction, arrhythmia after PTCA or after 
thrombolysis, etc.), angina pectoris, cardiac hypertrophy, 
myocardial infarction, heart failure (e.g., congestive heart 
failure, acute heart failure, cardiac hypertrophy, etc.), rest 
enosis after PTCA, PTCI, shock (e.g., hemorrhagic shock, 
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endotoXin shock, etc.)], renal diseases (e.g., diabetes melli 
tus, diabetic nephropathy, ischemic acute renal failure, etc.) 
organ disorders associated With ischemia or ischemic rep 
erfusion [(e.g., heart muscle ischemic reperfusion associated 
disorders, acute renal failure, or disorders induced by sur 
gical treatment such as coronary artery bypass grafting 
(CABG) surgeries, vascular surgeries, organ transplantation, 
non-cardiac surgeries or percutaneous transluminal coronary 
angioplasty (PTCA)], cerebrovascular diseases (e.g., 
ischemic stroke, hemorrhagic stroke, etc.), cerebro ischemic 
disorders (e.g., disorders associated With cerebral infarction, 
disorders caused after cerebral apopleXy as sequelae, or 
cerebral edema. The combinations and pharmaceutical com 
positions of this invention can also be used as an agent for 
myocardial protection during coronary artery bypass graft 
ing (CABG) surgeries, vascular surgeries, percutaneous 
transluminal coronary angioplasty (PTCA), PTCI, organ 
transplantation, or non-cardiac surgeries. 

[0145] Preferably, the combinations and pharmaceutical 
compositions of this invention can be used to for myocardial 
protection before, during, or after coronary artery bypass 
grafting (CABG) surgeries, vascular surgeries, percutaneous 
transluminal coronary angioplasty (PTCA), organ transplan 
tation, or non-cardiac surgeries. 

[0146] Preferably, the combinations and pharmaceutical 
compositions of this invention can be used for myocardial 
protection in patients presenting With ongoing cardiac (acute 
coronary syndromes, e.g., myocardial infarction or unstable 
angina) or cerebral ischemic events (e.g., stroke). 

[0147] Preferably, the combinations and pharmaceutical 
compositions of this invention can be used for chronic 
myocardial protection in patients With diagnosed coronary 
heart disease (e.g., previous myocardial infarction or 
unstable angina) or patients Who are at high risk for myo 
cardial infarction (age greater than 65 and tWo or more risk 
factors for coronary heart disease). 

[0148] The utility of the combinations and pharmaceutical 
compositions of the present invention as medical agents in 
the treatment of diseases, such as are detailed herein in 
mammals (e.g., humans) for eXample, in patients presenting 
With ongoing cardiac or cerebral ischemic events, or chronic 
cardioprotection in patients With diagnosed coronary heart 
disease, or at risk for coronary heart disease, cardiac dys 
function or myocardial stunning is demonstrated by the 
activity of the combinations and pharmaceutical composi 
tions of this invention in conventional preclinical cardio 
protection assays [see, for eXample, the in vivo assay in 
Klein, H. et al., Circulation 92:912-917 (1995); the isolated 
heart assay in ScholZ, W. et al., Cardiovascular Research 
29:260-268 (1995); the antiarrhythmic assay in Yasutake M. 
et al., Am. J. Physiol., 361H2430-H2440 (1994); the NMR 
assay in Kolke et al., J. Thorac. Cardiovasc. Surg. 112: 
765-775 (1996)] and the additional in vitro and in vivo 
assays described beloW. Such assays may also provide a 
means Whereby the activities of the combinations and phar 
maceutical compositions of this invention can be compared 
With the activities of other knoWn compounds. The results of 
these comparisons are useful for determining dosage levels 
in mammals, including humans, for the treatment of such 
diseases. 

[0149] Since the present invention relates to methods of 
reducing tissue damage resulting from ischemia With a 
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combination of active ingredients that may be administered 
separately, the invention further relates to combining sepa 
rate pharmaceutical compositions in kit form. The kit, 
according to the instant invention, comprises an amount of 
a sodium-hydrogen exchanger type-1 (NHE-1) inhibitor, 
and a pharmaceutically acceptable carrier, vehicle, or diluent 
in a ?rst unit dosage form; an amount of a second compound 
selected from the group consisting of (a) a complement 
modulator, (b) a metabolic modulator, (c) an anti-apoptotic 
agent, (d) a nitric oxide synthase-related agent, and (e) an 
enZyme/protein modulator selected from the group consist 
ing of a protein kinase C activator, an endothelin converting 
enZyme inhibitor, a tissue-activated ?brinolytic inhibitor 
(TAF I), a Na"/Ca+2 exchanger isoform-1 (NCX- 1) inhibitor, 
and a poly (ADP ribose) synthetase (PARS/PARP) inhibitor, 
and a pharmaceutically acceptable carrier, vehicle, or diluent 
in a second unit dosage form; and a container. The container 
is employed to contain the separate components and may 
comprise, for example, a divided bottle or a divided foil 
packet, hoWever, the separate compositions may also be 
contained Within a single, undivided container. Normally, 
the kit Will also include directions for the administration of 
the separate components. The kit form is particularly advan 
tageous When the separate components are administered in 
different dosage forms (e.g., oral and parenteral), are admin 
istered at different dosage levels, or When titration of the 
individual components of the combination is desired by the 
prescribing physician. 
[0150] One example of such a kit is a so-called blister 
pack. Blister packs are Well knoWn in the packaging industry 
and are used Widely for the packaging of pharmaceutical 
unit dosage forms (tablets, capsules, and the like). Blister 
packs generally comprise a sheet of relatively rigid material 
covered With a foil of a preferably transparent plastic mate 
rial. During the packaging process, recesses (e.g., blisters) 
are formed in the plastic foil. The recesses generally con 
form to the siZe and shape of the tablets or capsules to be 
contained therein. Next, the tablets or capsules are placed in 
the recesses and the sheet of relatively rigid material is 
sealed against the plastic foil at the face of the foil Which is 
opposite from the direction in Which the recesses Were 
formed. As a result, the tablets or capsules are captively 
retained and sealed inside the recesses betWeen the plastic 
foil and the sheet. Preferably, the strength of the sheet is such 
that the tablets or capsules may be removed from the blister 
pack by the application of manual pressure on the outer 
surface of the recesses Whereby an opening is formed in the 
sheet at the place of the recess. The tablet or capsule can then 
be removed through the formed opening. 

[0151] It is further desirable to provide a memory aid on 
the pack, for example, in the form of numbers or similar 
indicia proximate to the tablets or capsules Whereby the 
indicia correspond to the days of the regimen Which the 
dosage form so speci?ed is to be ingested. An additional 
example of such a memory aid is a calendar printed on the 
pack, for example, as folloWs: “First Week, Monday, Tues 
day, . . . etc . . . Second Week, Monday, Tuesday, . . . ” etc. 

In light of the instant disclosure, other variations Will be 
readily apparent to one of ordinary skill in the art. A “daily 
dose” can be a single tablet or capsule, or multiple tablets or 
capsules, or tablets or capsules to be ingested on a given day. 
Also, a daily dose of the sodium-hydrogen exchanger type 
1 (NHE-1) inhibitor can consist of a single tablet or capsule, 
While a daily dose of the second compound, selected from 
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the group consisting of (a) a compliment modulator, (b) a 
metabolic modulator, (c) an anti-apoptotic agent, (d) a nitric 
oxide synthase-related agent, and (e) an enZyme/protein 
modulator selected from the group consisting of a protein 
kinase C activator, an endothelin converting enZyme inhibi 
tor, a tissue-activated ?brinolytic inhibitor (TAFI), a Na+/ 
Ca+2 exchanger isoform-1 (NCX-1) inhibitor, and a poly 
(ADP ribose) synthetase (PARS/PARP) inhibitor, can con 
sist of multiple tablets or capsules, and vice-versa. The 
memory aid should re?ect this. 

[0152] In another speci?c embodiment of the invention, a 
pack designed to dispense the daily doses one at a time in the 
order of their intended use is provided. Preferably, the pack 
is equipped With a memory aid, so as to further facilitate 
compliance With the dosage regimen. An example of such a 
memory aid comprises a mechanical counter that indicates 
the number of daily doses to be dispensed. Another example 
of such a memory aid comprises a battery-poWered micro 
chip memory coupled With a liquid crystal readout, or 
audible reminder signal Which, for example, reads out the 
date and time that the last daily dose has been taken and/or 
reminds the patient When the next dose is to be taken. 

Measurement of Human NHE-1 Inhibitory Activity 

[0153] Methodologies for measurement of human NHE-1 
activity and inhibitor potency are predicated on those pub 
lished by Watson et al., Am. J. Physiol., 241G229-G238, 
1991), Where NHE-mediated recovery of intracellular pH is 
measured folloWing intracellular acidi?cation. Thus, ?bro 
blasts stably expressing human NHE-1 (Counillon, L. et al., 
Mol. Pharmacol., 44:1041-1045 (1993) are plated onto 
collagen coated 96 Well plates (50,000/Well) and groWn to 
con?uence in groWth media (DMEM high glucose, 10% 
fetal bovine serum, 50 u/ml penicillin and streptomycin). 
Con?uent plates are incubated for 30 min at 37° C. With the 
pH sensitive ?uorescent probe BCECF (5 pM; Molecular 
Probes, Eugene, Oreg.). BCECF loaded cells are incubated 
for 30 min at 37° C. in acid loading media (70 mM choline 
chloride, 50 mM NHCl4, 5 mM KCl, 1 mM MgCl2, 1.8 mM 
CaCl2, 5 mM glucose, 10 mM HEPES, pH 7.5), and then 
placed in a Fluorescent Imaging Plate Reader (Molecular 
Devices, CA). BCECF ?uorescence is monitored using 
excitation and emission Wavelengths of 485 nM and 525 
nM, respectively. Intracellular acidi?cation is initiated via 
rapid replacement of acid loading media With recovery 
media (120 mM NaCl, 5 mM KCl, 1 mM MgCl2, 1.8 mM 
CaCl2, 5 mM glucose, 10 mM HEPES, pH 7.5) :test 
compound, and NHE-mediated recovery of intracellular pH 
is monitored as the subsequent time-dependent increase 
BCECF ?uorescence. The potency of human NHE-1 inhibi 
tors is calculated as the concentration that reduces recovery 
of intracellular pH by 50% (ICSO). 

[0154] As background information, it is noted that brief 
periods of myocardial ischemia folloWed by coronary artery 
reperfusion protects the heart from subsequent severe myo 
cardial ischemia (Murry et al., Circulation 74:1124-1136, 
1986). 
[0155] The therapeutic effects of the combinations and 
pharmaceutical compositions of this invention in preventing 
heart tissue damage resulting from an ischemic insult can be 
demonstrated in vitro along lines presented in Tracey, et al. 
(Cardiovasc. Res., 33: 410-415, 1997), as described speci? 
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cally herein. Cardioprotection, as indicated by a reduction in 
infarcted myocardium, can be induced pharmacologically 
using adenosine receptor agonists in isolated, retrogradely 
perfused rabbit hearts as an in vitro model of myocardial 
ischemic preconditioning (Tracey, et al., Cardiovasc. Res., 
33: 410-415, 1997). The in vitro test described beloW 
demonstrates that the combinations and pharmaceutical 
compositions of the invention can also pharmacologically 
induce cardioprotection, i.e., reduced myocardial infarct 
siZe, When administered to a rabbit isolated heart. The effects 
of the combinations and pharmaceutical compositions are 
compared to ischemic preconditioning and the A1 adenosine 
agonist, PIA (N6-1—(phenyl-2R-isopropyl)adenosine), that 
has been shoWn to pharmacologically induce cardioprotec 
tion in the rabbit isolated heart (Tracey, et aL, Cardiovasc. 
Res., 33: 410-415, 1997). The exact methodology is 
described beloW. 

[0156] The protocol used for these experiments closely 
folloWs that described by Tracey, et aL, Cardiovasc. Res., 
33: 410-415, 1997. Male NeW Zealand White rabbits (3-4 
kg) are anesthetiZed With sodium pentobarbital (30 mg/kg, 
iv). After deep anesthesia is achieved (determined by the 
absence of an ocular blink re?ex) the animal is intubated and 
ventilated With 100% 02 using a positive pressure ventilator. 
A left thoracotomy is performed, the heart exposed, and a 
snare (2-0 silk) is placed loosely around a prominent branch 
of the left coronary artery, approximately 2/3 of the distance 
toWards the apex of the heart. The heart is removed from the 
chest and rapidly (<30 sec) mounted on a Langendorff 
apparatus. The heart is retrogradely perfused in a non 
recirculating manner With a modi?ed Krebs solution (NaCl 
118.5 mM, KCl 4.7 mM, Mg S04 1.2 mM, KHZPO4 1.2 mM, 
NaHCO3 24.8 mM, CaCl2 2.5 mM, and glucose 10 mM), at 
a constant pressure of 80 mmHg and a temperature of 37° C. 
Perfusate pH is maintained at 7.4-7.5 by bubbling With 95% 
025% CO2. Heart temperature is tightly controlled by using 
heated reservoirs for the physiological solution and Water 
jacketing around both the perfusion tubing and the isolated 
heart. Heart rate and left ventricular pressures are deter 
mined via a latex balloon Which is inserted in the left 
ventricle and connected by stainless steel tubing to a pres 
sure transducer. The intraventricular balloon is in?ated to 
provide a systolic pressure of 80-100 mmHg, and a diastolic 
pressure 210 mm Hg. Total coronary ?oW is also continu 
ously monitored using an in-line ?oW probe and normaliZed 
for heart Weight. 

[0157] The heart is alloWed to equilibrate for 30 min, over 
Which time the heart must shoW stable left ventricular 
pressures Within the parameters outlined above. If the heart 
rate falls beloW 180 bpm at any time prior to the 30 min. 
period of regional ischemia, the heart is paced at about 200 
bpm for the remainder of the experiment. Ischemic precon 
ditioning is induced by total cessation of cardiac perfusion 
(global ischemia) for 5 min, folloWed by reperfusion for 10 
min. The regional ischemia is provided by tightening the 
snare around the coronary artery branch. FolloWing the 30 
min regional ischemia, the snare is released and the heart 
reperfused for an additional 120 min. 

[0158] Pharmacological cardioprotection is induced by 
infusing the combination or pharmaceutical composition at 
predetermined concentrations, starting 30 min prior to the 30 
min regional ischemia, and continuing until the end of the 
120 min reperfusion period. Hearts Which receive test com 
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binations or pharmaceutical compositions do not undergo 
the period of ischemic preconditioning. A reference com 
pound, PIA (25 nM) is perfused through hearts (Which do 
not receive the test combination or pharmaceutical compo 
sition) for a 5 min period Which ends 10 min before the 30 
min regional ischemia. 

[0159] At the end of the 120 min reperfusion period, the 
coronary artery snare is tightened, and a 0.5% suspension of 
?uorescent Zinc cadmium sulfate particles (1-10 pm) Duke 
Scienti?c Corp.(Palo Alto, Calif.) is perfused through the 
heart; this stains all of the myocardium, except that area-at 
risk for infarct development (area-at-risk). The heart is 
removed from the Langendorff apparatus, blotted dry, 
Wrapped in aluminum foil and stored overnight at —20° C. 
The next day, the heart is sliced into 2 mm transverse 
sections from the apex to the top of the ventricles. The slices 
are stained With 1% triphenyl tetraZolium chloride (TTC) in 
phosphate-buffered saline for 20 min at 37° C. Since TTC 
reacts With living tissue (containing NAD-dependent dehy 
drogenases), this stain differentiates betWeen living (red 
stained) tissue, and dead tissue (unstained infarcted tissue). 
The infarcted area (no stain) and the area-at-risk (no ?uo 
rescent particles) are calculated for each slice of left ven 
tricle using a precalibrated image analyZer. To normaliZe the 
ischemic injury for differences in the area-at-risk betWeen 
hearts, the data is expressed as the ratio of infarct area vs. 
area-at-risk (%IA/AAR). All data are expressed as meaniSE 
and compared statistically using a Mann-Whitney non 
parametric test With a Bonferroni correction for multiple 
comparisons. Signi?cance is considered as p<0.05. 

[0160] The therapeutic effects of the combinations and 
pharmaceutical compositions of this invention in preventing 
heart tissue damage otherWise resulting from an ischemic 
insult can also be demonstrated in vivo along lines presented 
in Liu et al. (Circulation, 84: 350-356, 1991) as described 
speci?cally herein. This in vivo assay tests the cardiopro 
tection of the combinations and pharmaceutical composi 
tions relative to the control group Which receives saline 
vehicle. Cardioprotection, as indicated by a reduction in 
infarcted myocardium, can be induced pharmacologically 
using intravenously administered adenosine receptor ago 
nists in intact, anesthetiZed rabbits studied as an in situ 
model of myocardial ischemic preconditioning (Liu et al., 
Circulation 84:350-356, 1991). The in vivo assay tests 
Whether combinations and pharmaceutical compositions can 
pharmacologically induce cardioprotection, i.e., reduced 
myocardial infarct siZe, When parenterally administered to 
intact, anesthetiZed rabbits. The effects of the combinations 
and pharmaceutical compositions of this invention can be 
compared to ischemic preconditioning using the A1 adenos 
ine agonist, N6-1-(phenyl-2R-isopropyl) adenosine (PIA) 
that has been shoWn to pharmacologically induce cardio 
protection in intact anesthetiZed rabbits studied in situ (Liu 
et al., Circulation 84:350-356, 1991). The methodology is 
described beloW. 

[0161] Surgery: NeW Zealand White male rabbits (3-4 kg) 
are anesthetiZed With sodium pentobarbital (30 mg/kg, iv). 
A tracheotomy is performed via a ventral midline cervical 
incision and the rabbits are ventilated With 100% oxygen 
using a positive pressure ventilator. Catheters are placed in 
the left jugular vein for drug administration and in the left 
carotid artery for blood pressure measurements. The hearts 
are then exposed through a left thoracotomy and a snare (00 
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silk) placed around a prominent branch of the left coronary 
artery. Ischemia is induced by pulling the snare tight and 
clamping it in place. Releasing the snare alloWs the affected 
area to reperfuse. Myocardial ischemia is evidenced by 
regional cyanosis; reperfusion is evidenced by reactive 
hyperemia. 

[0162] Protocol: Once arterial pressure and heart rate have 
been stable for at least 30 min. the test is started. Ischemic 
preconditioning is induced by occluding the coronary artery 
for 5 min folloWed by a 10 min. reperfusion. Pharmacologi 
cal preconditioning is induced by infusing test combination 
or pharmaceutical composition over, for example 5 min. and 
alloWing 10 min. before further intervention or by infusing 
the adenosine agonist, PIA (0.25 mg/kg). FolloWing 
ischemic preconditioning, pharmacological preconditioning 
or no conditioning (unconditioned, vehicle control) the 
artery is occluded for 30 minutes and then reperfused for tWo 
hours to induce myocardial infarction. The combination or 
pharmaceutical composition and PIA are dissolved in saline 
or other suitable vehicle and delivered at 1 to 5 mg/kg, 
respectively. 

[0163] Staining (Liu et al., Circulation 84:350-356, 1991): 
At the end of the 2 hour reperfusion period, the hearts are 
quickly removed, hung on a Langendorff apparatus, and 
?ushed for 1 minute With normal saline heated to body 
temperature (38° C.). The silk suture used as the snare is 
then tied tightly to reocclude the artery and a 0.5% suspen 
sion of ?uorescent Zinc cadmium sulphate particles (1-10 
pm) Duke Scienti?c Corp. (Palo Alto, CA) is infused With 
the perfusate to stain all of the myocardium except the area 
at risk (non?uorescent ventricle). The hearts are then quickly 
froZen and stored overnight at —20° C. On the folloWing day, 
the hearts are cut into 2 mm slices and stained With 1% 
triphenyl tetraZolium chloride (TTC). Since TTC reacts With 
living tissue, this stain differentiates betWeen living (red 
stained) tissue, and dead tissue (unstained infarcted tissue). 
The infarcted area (no stain) and the area at risk (no 
?uorescent particles) are calculated for each slice of left 
ventricle using a pre-calibrated image analyZer. To normal 
iZe the ischemic injury for differences in the area at risk 
betWeen hearts, the data is expressed as the ratio of infarct 
area vs. area at risk (%IA/AAR). All data are expressed as 
MeaniSEM and compared statistically using single factor 
AN OVA or Mann Whitney non-parametric test. Signi?cance 
is considered as p<0.05. 

[0164] The combinations and pharmaceutical composi 
tions of this invention can be tested for their utility in 
reducing or preventing ischemic injury in non-cardiac tis 
sues, for example, the brain, or the liver, utiliZing procedures 
reported in the scienti?c literature. The combinations and 
pharmaceutical compositions of this invention in such tests 
can be administered by the preferred route and vehicle of 
administration and at the preferred time of administration 
either prior to the ischemic episode, during the ischemic 
episode, folloWing the ischemic episode (reperfusion period) 
or during any of the beloW-mentioned experimental stages. 

[0165] The bene?t of the combinations and pharmaceuti 
cal compositions of the invention in reducing ischemic brain 
damage can be demonstrated, for example, in mammals 
using the method of Park, et al (Ann. Neurol. 1988;24:543 
551). According to the procedure of Park, et al., adult male 
Sprague DaWley rats are anesthetiZed initially With 2% 
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halothane, and thereafter by mechanical ventilation With a 
nitrous oxide-oxygen mixture (70%:30%) containing 0.5 
1% halothane. Atracheostomy is then performed. The stroke 
volume of the ventilator is adjusted to maintain arterial 
carbon dioxide tension at approximately 35 mm Hg and 
adequate arterial oxygenation (PaO2>90 mm Hg). Body 
temperature can be monitored by a rectal thermometer, and 
the animals can be maintained normothermic, if necessary, 
by external heating. The animals next undergo subtemporal 
craniectomy to expose the main trunk of the left middle 
cerebral artery (MCA) under an operating microscope, and 
the exposed artery is occluded With microbipolar coagula 
tion to generate large ischemic lesions in the cerebral cortex 
and basal ganglia. After three hours of MCA occlusion, the 
rats are deeply anesthetiZed With 2% halothane and a tho 
racotomy is performed to infuse hepariniZed saline into the 
left ventricle. The effluent is collected via an incision of the 
right atrium. The saline Washout is folloWed by approxi 
mately 200 ml of a 40% formaldehyde, glacial acetic acid 
and absolute methanol solution (FAM; 111:8, v/v/v), then the 
animals are decapitated and the head is stored in ?xative for 
24 hours. The brain is then removed, dissected, embedded in 
paraffin Wax, and sectioned (approximately 100 sections 0.2 
mm per brain). The sections are then stained With hema 
toxylin-eosin or With a combination of cresyl violet and 
Luxol fast blue, and examined by light microscopy to 
identify and quantitate the ischemic damage using a preca 
librated image analyZer. The ischemic volumes and areas are 
expressed in absolute units (mm3 and mm2) and as a per 
centage of the total region examined. The effect of the 
combinations and pharmaceutical compositions of this 
invention to reduce ischemic brain damage induced by MCA 
occlusion is noted based on a reduction in the area or volume 
of relative or absolute ischemic damage in the brain sections 
from the rats in the treatment group compared to brain 
sections from rats in a placebo-treated control group. 

[0166] Other methods Which could alternatively be uti 
liZed to demonstrate the bene?t of the combinations and 
pharmaceutical compositions of the invention in reducing 
ischemic brain damage include those described by 
Nakayama, et al. in Neurology 1988,38z1667-1673; 
MemeZaWa, et al. in Stroke 1992,231552-559; Folbergrova, 
et al. in Proc. Natl. Acad. Sci 1995,9215057-5059; and 
Gotti, et al. in Brain Res. 1990,5221290-307. 

[0167] The bene?t of the combinations and pharmaceuti 
cal compositions of this invention to reduce ischemic liver 
damage can be demonstrated, for example, in mammals 
using the method of Yokoyama, et al. J. Physiol. 
1990;258:G564-G570). According to the procedure of 
Yokoyama, et al., fasted adult male Sprague DaWley rats are 
anesthetiZed With sodium pentobarbital (40 mg/kg i.p.), then 
the animals are tracheotomiZed and mechanically ventilated 
With room air. The liver is extirpated and placed in an 
environmental chamber maintained at constant temperature 
(37° C.), then perfused through the portal vein at a constant 
pressure of 15 cm H2O With a modi?ed, hemoglobin-free 
Krebs-Henseleit buffer (in mM: 118 NaCl, 4.7 KCl, 27 
NaHCO3, 2.5 CaCl2, 1.2 MgSO4, 1.2 KH2PO4, 0.05 EDTA, 
and 11 mM glucose, plus 300 U heparin). The pH of the 
perfusate is maintained at 7.4 by gassing the buffer With 95% 
O2-5% CO2. Each liver is perfused at a How rate of 20 
ml/min in a single-pass manner for a 30 min Washout and 
equilibration period (preischemic period), folloWed by a 2 
hour period of global ischemia, and then a 2 hour period of 
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reperfusion under conditions identical to the preischemic 
period. Aliquots (20 ml) of the perfusate are collected during 
the preischemic period, immediately after the occlusive 
ischemic period, and every 30 min of the 2 hour reperfusion 
period. The perfusate samples are assayed for the appear 
ance of hepatocellular enZymes, for example, aspartate 
amino-transferase (AST), alanine amino-transferase (ALT), 
and lactate dehydrogenase (LDH), Which are taken to quan 
titatively re?ect the degree of ischemic liver tissue damage 
during the procedure. AST, ALT, and LDH activities in the 
perfusate can be determined by several methods, for 
example, by the re?ectometry method using an automatic 
Kodak Ektachem 500 analyZer reported by Nakano, et al. 
(Hepatology 1995;22:539-545). The effect of the combina 
tions and pharmaceutical compositions of this invention in 
reducing ischemic liver damage induced by occlusion is 
noted based on a reduction in the release of hepatocellular 
enZymes immediately folloWing the occlusive period and/or 
during the postischemic-reperfusion period in the perfused 
livers from the rats in the treatment group compared to 
perfused livers from rats in a placebo-treated control group. 

[0168] Other methods Which may be utiliZed to demon 
strate the bene?ts of the compositions and methods of this 
invention in reducing ischemic liver damage include those 
described by Nakano, et al. (Hepatology 1995;22:539-545). 

1. A method of reducing tissue damage resulting from 
ischemia Which method comprises administering to a mam 
mal in need of such reduction a therapeutically effective 
amount of a combination comprising a sodium-hydrogen 
exchanger type 1 (NHE-1) inhibitor, and an effective amount 
of a second compound selected from the group consisting of 
(a) a compliment modulator, (b) a metabolic modulator, (c) 
an anti-apoptotic agent, (d) a nitric oxide synthase-related 
agent, and (e) an enZyme/protein modulator selected from 
the group consisting of a protein kinase C activator, an 
endothelin converting enZyme inhibitor, a tissue-activated 
?brinolytic inhibitor (TAFI), a Na"/Ca+2 exchanger iso 
form-1 (NCX-l) inhibitor, and a poly (ADP ribose) syn 
thetase (PARS/PARP) inhibitor. 

2. A method according to claim 1 Wherein said tissue is 
selected from the group consisting of brain, cardiac, liver, 
kidney, lung, gut, skeletal muscle, spleen, pancreas, nerve, 
spinal cord, retinal tissue, vasculature, and intestinal tissue. 

3. A method according to claim 2 Wherein said tissue is 
cardiac tissue. 

4. A method according to claim 1 Wherein said sodium 
hydrogen exchanger type 1 (NHE-1) inhibitor is selected 
from the group consisting of: 

(a) a compound of Formula (I) 

Z N NH2 

\H/ Y 
o 

a prodrug thereof, or a pharmaceutically acceptable salt of 
the compound or the prodrug thereof; Wherein: 

Z is carbon connected and is a ?ve-membered, diaZa, 
diunsaturated ring having tWo contiguous nitrogens, 
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said ring optionally mono-, di-, or tri-substituted With 
up to three substituents independently selected from 
R1, R2 and R3; or 

Z is carbon connected and is a ?ve-membered, triaZa, 
diunsaturated ring, said ring optionally mono- or di 
substituted With up to tWo substituents independently 
selected from R4 and R5; 

Wherein R1, R2, R3, R4 and R5 are each independently 
hydrogen, hydroxy(C1-C4)alkyl, (C1-C4)alkyl, (C1 
C4)alkylthio, (C3-C4)cycloalkyl, (C3 
C7)cycloalkyl(C1-C4)alkyl, (C1-C4)alkoxy, (C1 
C4)alkoxy(C1-C4)alkyl, mono-N- or di-N,N-(C1 
C4)alkylcarbamoyl, M or M(C1-C4)alkyl, any of said 
previous (C1-C4)alkyl moieties optionally having from 
one to nine ?uorines; said (C1-C4)alkyl or (C3 
C4)cycloalkyl optionally mono-or di-substituted inde 
pendently With hydroxy, (C1-C4)alkoxy, (C1 
C4)alklthio, (C1-C4)alkylsul?nyl, (C1 
C4)alkylsulfonyl, (C1-C4)alkyl, mono-N- or di-N,N 
(C1-C4)alkylcarbamoyl or mono-N- or di-N,N-(C1 
C4)alkylaminosulfonyl; and said (C3-C4)cycloalkyl 
optionally having from one to seven ?uorines; 

Wherein M is a partially saturated, fully saturated or fully 
unsaturated ?ve to eight membered ring optionally 
having one to three heteroatoms selected independently 
from oxygen, sulfur and nitrogen, or, a bicyclic ring 
consisting of tWo fused partially saturated, fully satu 
rated or fully unsaturated three to six membered rings, 
taken independently, optionally having one to four 
heteroatoms selected independently from nitrogen, sul 
fur and oxygen; 

said M is optionally substituted, on one ring if the moiety 
is monocyclic, or one or both rings if the moiety is 
bicyclic, on carbon or nitrogen With up to three sub 
stituents independently selected from R6, R7 and R8, 
Wherein one of R6, R7 and R8 is optionally a partially 
saturated, fully saturated, or fully unsaturated three to 
seven membered ring optionally having one to three 
heteroatoms selected independently from oxygen, sul 
fur and nitrogen optionally substituted With (C1 
C4)alkyl and additionally R6, R7 and R8 are optionally 
hydroxy, nitro, halo, (C1-C4)alkoxy, (C1 
C4)alkoxycarbonyl, (C1-C4)alkyl, formyl, (C1 
C4)alkanoyl, (C1-C4)alkanoyloxy, (C1 
C4)alkanoylamino, (C1-C4)alkoxycarbonylamino, 
sulfonamido, (C1-C4)alkylsulfonamido, amino, mono 
N- or di-N,N-(C1-C4)alkylamino, carbamoyl, mono-N 
or di-N,N-(C1-C4)alkylcarbamoyl, cyano, thiol, (C1 
C4)alkylthio, (C1-C4)alkylsul?nyl, (C1 
C4)alkylsulfonyl, mono-N- or di-N,N-(C1 
C4)alkylaminosulfonyl, (C2-C4)alkenyl, (C2 
C4)alkynyl or (C5-C7)cycloalkenyl, 

Wherein said (C1-C4)alkoxy, (C1-C4)alkyl, (C1 
C7)alkanoyl, (C1-C4)alkylthio, mono-N- or di-N,N 
(C1-C4)alkylamino or (C3-C7)cycloalkyl R6, R7 and R8 
substituents are optionally mono- substituted indepen 
dently With hydroxy, (C1-C4)alkoxycarbonyl, (C3 
C7)cycloalkyl, (C1-C4)alkanoyl, (C1 
C4)alkanoylamino, (C1-C4)alkanoyloxy, (C1 
C4)alkoxycarbonylamino, sulfonamido, (C1 
C4)alkylsulfonamido, amino, mono-N- or di-N,N-(C1 
C4)alkylamino, carbamoyl, mono-N- or di-N,N-(C1 
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[1 -(indaZol-5 -y1)-5-ethyl-1H-pyraZole-4-carbonyl]guani 
dine; 

[1 -(benZimidaZol-5-yl)-5 -ethyl-1H-pyraZole-4-carbonyl] 
guanidine; 

[1 -(1-methylbenZimidaZol-6-yl) -5 -ethyl-1H-pyraZole-4 
carbonyl]guanidine 

[1 -(5-quinolinyl)-5-n-propyl-1H-pyraZole-4-carbonyl] 
guanidine; 

[1 -(5-quinolinyl)-5-isopropyl- 1H-pyraZole -4-carbonyl] 
guanidine; 

[5 -ethyl-1 -(6 -quinolinyl)-1H-pyraZole4-carbonyl]guani 
dine; 

[1 -(2-methylbenZimidaZol-5-yl) -5 -ethyl-1H-pyraZole-4 
carbonyl]guanidine; 

[1-(1,4-benZodioxan-6-yl)-5-ethyl-1H-pyraZole-4-carbo 
nyl]guanidine; 

[1 -(benZotriaZol-5 -yl) -5 -ethyl- 1H-pyraZole -4-carbonyl] 
guanidine; 

[1 -(3-chloroindaZol-5 -yl) -5 -ethyl- 1H-pyraZole -4-carbo 
nyl]guanidine; 

[1 -(5-quinolinyl)-5-butyl-1H-pyraZole-4-carbonyl]guani 
dine; 

[5 -propyl-1 -(6-quinolinyl)- 1H-pyraZole -4-carbonyl] g 
uanidine; 

[5 -isopropyl-1 -(6-quinolinyl)- 1H-pyraZole -4-carbonyl] 
guanidine; 

[1 -(indaZol-7-yl) -3-methyl-1H-pyraZole -4-carbonyl] 
guanidine; 

[1 -(2, 1,3-benZothiadiaZol-4-yl)-3-methyl-1H-pyraZole-4 
carbonyl]guanidine; and 

[3-methyl-1-(quinolin-5-yl)-1H-pyraZole-4-carbonyl] 
guanidine; the prodrugs thereof, and the pharmaceuti 
cally acceptable salts of the compounds, and the pro 
drugs. 

6. A method according to claim 1 Wherein said comple 
ment modulator is selected from the group consisting of a 
CSa inhibitor, a soluble complement receptor type 1 (sCR1) 
inhibitor, or an analog thereof, and a C1 esterase inhibitor. 

7. A method according to claim 6 Wherein said CSa 
inhibitor is L-747981, or a pharmaceutically acceptable salt 
thereof, and said soluble complement receptor type 1 (sCR1) 
inhibitor is amidinophenylpyruvic acid (APPA). 

8. A method according to claim 1 Wherein said metabolic 
modulator is selected from the group consisting of a pyru 
vate dehydrogenase complex up-regulator/activator, a pyru 
vate dehydrogenase kinase inhibitor, a malonyl CoA decar 
boxylase inhibitor, an acetyl CoA carboxylase activator, a 
partial fatty acid oxidation (pFOX) inhibitor, a 5‘ AMP 
activated protein kinase (AMPK) inhibitor, a carnitine 
palmitoyl transferase inhibitor, and a fatty acid CoA syn 
thase inhibitor. 

9. A method according to claim 8 Wherein said pyruvate 
dehydrogenase complex up-regulator/activator and said 
pyruvate dehydrogenase kinase inhibitor are dichloroacetate 
(DCA), said partial fatty acid oxidation (pFOX) inhibitor is 
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ranolaZine or trimetaZidine, said carnitine palmitoyl trans 
ferase inhibitor is etomoxir, and said fatty acid CoA synthase 
inhibitor is triascin C. 

10. A method according to claim 1 Wherein said anti 
apoptotic agent is a caspase inhibitor. 

11. A method according to claim 10 Wherein said caspase 
inhibitor is a compound selected from the group consisting 
of a compound of Formula (II) 

<11) 

Wherein 

R1 and R2, together With the nitrogen to Which they are 
attached, form a 4- to 7-membered ring; R3 and R4, 
together With the nitrogen atom to Which they are 
attached, form a 4- to 7-membered ring; and R is 
benZoyl, or (C1_6)alkyl; and 

a compound of Formula (III) 

(III) 

R4 

Wherein 

R1 is hydrogen, or (C1_4)alkyl; R2 is (C1_1O)alkyl, option 
ally substituted With aryl(C1_4)alkyl, optionally substi 
tuted heteroaryl(C1_4)alkyl, optionally substituted (C3_ 
7) cycloalkyl, or R1 and R2, together With the nitrogen 
to Which they are attached, form a 3- to 10-membered 
ring Which optionally contains an additional heteroa 
tom selected from oxygen, nitrogen, or sulfur; R3 and 
R4 are (C1_6)alkyl, hydrogen, nitro, or halogen; and R5 
is (C1_6)alkyl, hydrogen, arylalkyl, or heteroarylalkyl. 

12. A method according to claim 1 Wherein said nitric 
oxide synthase-related agent is selected from the group 
consisting of monophosporyl lipid A, or an analog thereof, 
a nitric oxide donor, and a nitric oxide synthase activator. 

13. A method according to claim 12 Wherein said mono 
phosporyl lipid A, or said analog thereof is RC-552 (MPL 
C) or ONO-4007, said nitric oxide donor is nipride, and said 
nitric oxide synthase inhibitor is aminoguanidine or N(G) 
monomethyl-L-arginine (L-NMMA). 

14. A method according to claim 1 Wherein said endot 
helin converting enZyme inhibitor is S-17162, said Na"/Ca+2 
exchanger isoform-1 (NCX-l) inhibitor is KB-R7943, and 
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said poly (ADP ribose) synthetase (PARS/PARP) inhibitor is 
3-aminobenZamide, or a compound, or a pharmaceutically 

acceptable salt, prodrug, active metabolite, or solvate 
thereof, of Formula (IV) 

(IV) 

Wherein 

R1 is H, halogen, cyano, an optionally substituted alkyl, 
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl group; 

or —C(O)—R1O, where R10 is hydrogen, an optionally 
substituted alkyl, alkenyl, alkynyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl group; 

or —OR100 or NRlooRllo, Where R100 and R110 are each 
independently H or an optionally substituted alkyl, 
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl group; 

R2 is H or alkyl; 

R3 is H or alkyl; 

R4 is H, halogen or alkyl; 

X is O or S; and 

Y is (CR5R6)(CR7R8)n or N=C(R5), Where n is 0 or 1; R5 
and R6 are each independently H or an optionally 
substituted alkyl, alkenyl, alkynyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl group; and R7 and R8 are 
each independently H or an optionally substituted alky, 
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl group. 

15. A pharmaceutical composition comprising an amount 
of a sodium-hydrogen exchanger type-1 inhibitor, and an 
amount of a second compound selected from the group 
consisting of (a) a complement modulator, (b) a metabolic 
modulator, (c) an anti-apoptotic agent, (d) a nitric oxide 
synthase-related agent, and (e) an enZyme/protein modulator 
selected from the group consisting of a protein kinase C 
activator, an endothelin converting enZyme inhibitor, a tis 
sue-activated ?brinolytic inhibitor (TAFI), a Na"/Ca+2 
exchanger isoform-1 (NCX-l) inhibitor, and a poly (ADP 
ribose) synthetase (PARS/PARP) inhibitor. 

16. Apharmaceutical composition according to claim 15 
further comprising a pharmaceutically acceptable carrier, 
vehicle, or diluent. 

17. Apharmaceutical composition according to claim 15 
Wherein said sodium-hydrogen exchanger type 1 (NHE-l) 
inhibitor is selected from the group consisting of: 
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(a) a compound of Formula (I) 

Z N NH2 

\H/ Y 
o 

(1) 

a prodrug thereof, or a pharmaceutically acceptable salt of 
the compound or the prodrug thereof; Wherein: 

Z is carbon connected and is a ?ve-membered, diaZa, 
diunsaturated ring having tWo contuguous notrogens, 
said ring potionally mono-, di-, or tri-substituted With 
up to three substituents independiently selected form 
R , R2 and R3; or 

Z is carbon connected and is a ?ve-membered, triaZa, 
diunsaturated ring, said ring optionally mono- or di 
substituted With up to tWo substituents independently 
selected from R4 and R5; 

Wherein R1, R2, R3, R4 and R5 are each independently 
hydrogen, hydroxy(C1-C4)alkyl, (C1-C4)alkyl, (C1 
C4)alkylthio, (C3-C4)cycloalkyl, (C3 
C7)cycloalkyl(C1-C4)alkyl, (C1-C4)alkoxy, (C1 
C4)alkoxy(C1-C4)alkyl, mono-N- or di-N,N-(C1 
C4)alkylcarbamoyl, M or M(C1-C4)alkyl, any of said 
previous (C1-C4)alkyl moieties optionally having from 
one to nine ?uorines; said (C1-C4)alkyl or (C3 
C4)cycloalkyl optionally mono-or di-substituted inde 
pendently With hydroxy, (C1-C4)alkoxy, (C1 
C4)alklthio, (C1-C4)alkylsul?nyl, (C1 
C4)alkylsulfonyl, (C1-C4)alkyl, mono-N- or di-N,N 
(C1-C4)alkylcarbamoyl or mono-N- or di-N,N-(C1 
C4)alkylaminosulfonyl; and said (C3-C4)cycloalkyl 
optionally having from one to seven ?uorines; 

Wherein M is a partially saturated, fully saturated or fully 
unsaturated ?ve to eight membered ring optionally 
having one to three heteroatoms selected independently 
from oxygen, sulfur and nitrogen, or, a bicyclic ring 
consisting of tWo fused partially saturated, fully satu 
rated or fully unsaturated three to six membered rings, 
taken independently, optionally having one to four 
heteroatoms selected independently from nitrogen, sul 
fur and oxygen; 

said M is optionally substituted, on one ring if the moiety 
is monocyclic, or one or both rings if the moiety is 
bicyclic, on carbon or nitrogen With up to three sub 
stituents independently selected from R6, R7 and R8, 
Wherein one of R6, R7 and R8 is optionally a partially 
saturated, fully saturated, or fully unsaturated three to 
seven membered ring optionally having one to three 
heteroatoms selected independently from oxygen, sul 
fur and nitrogen optionally substituted With (C1 
C4)alkyl and additionally R6, R7 and R8 are optionally 
hydroxy, nitro, halo, (C1-C4)alkoxy, (C1 
C4)alkoxycarbonyl, (C1-C4)alkyl, formyl, (C1 
C4)alkanoyl, (C1-C4)alkanoyloxy, (C1 
C4)alkanoylamino, (C1-C4)alkoxycarbonylamino, 
sulfonamido, (C1-C4)alkylsulfonamido, amino, mono 
N- or di-N,N-(C1-C4)alkylamino, carbamoyl, mono-N 
or di-N,N-(C1-C4)alkylcarbamoyl, cyano, thiol, (C1 
C4)alkylthio, (C1-C4)alkylsul?nyl, (C1 
C4)alkylsulfonyl, mono-N- or di-N,N-(C1 
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21. Apharmaceutical composition according to claim 15 
wherein said metabolic modulator is selected from the group 
consisting of a pyruvate dehydrogenase complex up-regu 
lator/activator, a pyruvate dehydrogenase kinase inhibitor, a 
malonyl CoA decarboxylase inhibitor, an acetyl CoA car 
boxylase activator, a partial fatty acid oxidation (pFOX) 

[1 -(indaZol-7-yl) -5 -cyclopropyl- 1H-pyraZole -4-carbonyl] 
guanidine; 

[1 -(benZimidaZol-5-yl)-5 -cyclopropyl-1H-pyraZole-4 
carbonyl]guanidine; 

[1 -(1-isoquinolyl) -5 -cyclopropyl-1H-pyraZole-4-carbo 
nyl]guanidine; 

[5 -cyclopropyl-1 -(4-quinolinyl)- 1H-pyraZole -4-carbo 
nyl]guanidine; 

[1 -(indaZol-6-yl) -5 -ethyl- 1H-pyraZole -4-carbonyl]guani 
dine; 

[1 -(indaZol-5 -yI)-5 -ethyl- 1H-pyraZole -4-carbonyl]guani 
dine; 

[1 -(benZimidaZol-5-yl)-5 -ethyl-1H-pyraZole-4-carbonyl] 
guanidine; 

[1 -(1-methylbenZimidaZol-6-yl) -5 -ethyl-1H-pyraZole-4 
carbonyl]guanidine 

[1 -(5-quinolinyl)-5-n-propyl-1H-pyraZole-4-carbonyl] 
guanidine; 

[1 -(5-quinolinyl)-5-isopropyl- 1H-pyraZole -4-carbonyl] 
guanidine; 

[5 -ethyl-1 -(6 -quinolinyl)-1H-pyraZole4-carbonyl]guani 
dine; 

[1 -(2-methylbenZimidaZol-5-yl) -5 -ethyl-1H-pyraZole-4 
carbonyl]guanidine; 

[1 -(1,4-benZodioxan-6-yl)-5-ethyl-1H-pyraZole-4-carbo 
nyl]guanidine; 

[1 -(benZotriaZol-5 -yl) -5 -ethyl- 1H-pyraZole -4-carbonyl] 
guanidine; 

[1 -(3-chloroindaZol-5 -yl) -5 -ethyl- 1H-pyraZole -4-carbo 
nyl]guanidine; 

[1 -(5-quinolinyl)-5-butyl-1H-pyraZole-4-carbonyl]guani 
dine; 

[5 -propyl-1 -(6-quinolinyl)- 1H-pyraZole -4-carbonyl] g 
uanidine; 

[5 -isopropyl-1 -(6-quinolinyl)- 1H-pyraZole -4-carbonyl] 
guanidine; 

[1 -(indaZol-7-yl) -3-methyl-1H-pyraZole -4-carbonyl] 
guanidine; 

[1 -(2, 1,3-benZothiadiaZol-4-yl)-3-methyl-1H-pyraZole-4 
carbonyl]guanidine; and 

[3-methyl-1-(quinolin-5-yl)-1H-pyraZole-4-carbonyl] 
guanidine; the prodrugs thereof, and the pharmaceuti 
cally acceptable salts of the compounds, and the pro 
drugs. 

19. Apharmaceutical composition according to claim 15 
Wherein said complement modulator is selected from the 
group consisting of a C5a inhibitor, a soluble complement 
receptor type-1 (sCR1) inhibitor, or an analog thereof, and a 
C1 esterase inhibitor. 

20. Apharmaceutical composition according to claim 19 
Wherein said C5a inhibitor is L-747981, or a pharmaceuti 
cally acceptable salt thereof, and said soluble complement 
receptor type 1 (sCR1) inhibitor is amidinophenylpyruvic 
acid (APPA). 

inhibitor, a 5 ‘ AMP-activated protein kinase (AMPK) inhibi 
tor, a carnitine palmitoyl transferase inhibitor, and a fatty 
acid CoA synthase inhibitor. 

22. Amethod according to claim 21 Wherein said pyruvate 
dehydrogenase complex up-regulator/activator and said 
pyruvate dehydrogenase kinase inhibitor are dichloroacetate 
(DCA), said partial fatty acid oxidation (PFOX) inhibitor is 
ranolaZine or trimetaZidine, said carnitine palmitoyl trans 
ferase inhibitor is etomoxir, and said fatty acid CoA synthase 
inhibitor is triascin C. 

23. Apharmaceutical composition according to claim 15 
Wherein said anti-apoptotic agent is a caspase inhibitor. 

24. Apharmaceutical composition according to claim 23 
Wherein said caspase inhibitor is a compound selected from 
the group consisting of a compound of Formula (II) 

<11) 

Wherein 

R1 and R2, together With the nitrogen to Which they are 
attached, form a 4- to 7-membered ring; R3 and R4, 
together With the nitrogen atom to Which they are 
attached, form a 4- to 7-membered ring; and R is 
benZoyl, or (C1_6)alkyl; and 

a compound of Formula (III) 

(III) 

Wherein 

R1 is hydrogen, or (C1_4)alkyl; R2 is (C1_1O)alkyl, option 
ally substituted With aryl(C1_4)alkyl, optionally substi 
tuted heteroaryl(C1_4)alkyl, optionally substituted (C3_ 
7)cycloalkyl, or R1 and R2, together With the nitrogen to 
Which they are attached, form a 3- to 10-membered ring 
Which optionally contains an additional heteroatom 
selected from oxygen, nitrogen, or sulfur; R3 and R4 are 
(C1_6)alkyl, hydrogen, nitro, or halogen; and R5 is 
(C1_6,)alkyl, hydrogen, arylalkyl, or heteroarylalkyl. 

25. Apharmaceutical composition according to claim 15 
Wherein said nitric oxide synthase-related agent is selected 
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from the group consisting of monophosporyl lipid A, or an 
analog thereof, a nitric oxide donor, and a nitric oxide 
synthase activator. 

26. Apharmaceutical composition according to claim 25 
Wherein said monophosporyl lipid A, or said analog thereof 
is RC-552 (MPL-C) or ONO-4007, said nitric oxide donor 
is nipride, and said nitric oxide synthase inhibitor is ami 
noguanidine or N(G)-monomethyl-L-arginine (L-NMMA). 

27. Apharmaceutical composition according to claim 15 
Wherein said endothelin converting enZyme inhibitor is 
S-17162, said Na"/Ca+2 exchanger isoform-1 (NCX-l) 
inhibitor is KB-R7943, and said poly (ADP ribose) syn 
thetase (PARS/PARP) inhibitor is 3-aminobenZamide, or a 
compound, or a pharmaceutically acceptable salt, prodrug, 
active metabolite, or solvate thereof, of Formula (IV) 

(IV) 

Wherein 

R1 is H, halogen, cyano, an optionally substituted alkyl, 
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl group; 

or —C(O)—R1O, where R10 is hydrogen, an optionally 
substituted alkyl, alkenyl, alkynyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl group; 

or —OR1OOor NR100 R110, Where R100 and R110 are each 
independently H or an optionally substituted alkyl, 
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl group; 
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R2 is H or alkyl; 

R3 is H or alkyl; 

R4 is H, halogen or alkyl; 

X is O or S; and 

Y is (CR5R6)(CR7R8)n or N=C(R5), Where n is 0 or 1; R5 
and R6 are each independently H or an optionally 
substituted alkyl, alkenyl, alkynyl, cycloalkyl, hetero 
cycloalkyl, aryl, or heteroaryl group; and R7 and R8 are 
each independently H or an optionally substituted alky, 
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl group. 

28. A method of reducing tissue damage resulting from 
ischemia Which method comprises administering to a mam 
mal in need of such treatment an effective amount of a 
pharmaceutical composition of claim 15. 

29. Amethod according to claim 28 Wherein said tissue is 
selected from the group consisting of brain, cardiac, liver, 
kidney, lung, gut, skeletal muscle, spleen, pancreas, nerve, 
spinal cord, retinal tissue, vasculature, and intestinal tissue. 

30. Amethod according to claim 29 Wherein said tissue is 
cardiac tissue. 

31. A kit comprising an amount of a sodium-hydrogen 
exchanger type-1 inhibitor, and a pharmaceutically accept 
able carrier, vehicle, or diluent in a ?rst unit dosage form; an 
amount of a second compound selected from the group 
consisting of (a) a complement modulator, (b) a metabolic 
modulator, (c) an anti-apoptotic agent, (d) a nitric oxide 
synthase-related agent, and (e) an enZyme/protein modulator 
selected from the group consisting of a protein kinase C 
activator, an endothelin converting enZyme inhibitor, a tis 
sue-activated ?brinolytic inhibitor (TAFI), a Na"/Ca+2 
exchanger isoform-1 (NCX-l) inhibitor, and a poly (ADP 
ribose) synthetase (PARS/PARP) inhibitor, and a pharma 
ceutically acceptable carrier, vehicle, or diluent in a second 
unit dosage form; and a container. 


