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PREVENTION OF AND TREATMENT FOR HEART FAILURE

Cross Reference to Related Application
[001] This application claims priority to United States Serial No. 60/834,728 filed 1

August 2006. the entire contents of the aforementioned application are included herein.

Background of the Invention
[002] Heart failure (HF) 1s a syndrome or clinical condition resulting from failure of
the heart to maintain adequate circulation of blood. It can be chronic or acute, and has many
etiologies including ischemic infarction or myocardial infarction.
[003] According to the American Heart Association, the total direct and indirect
costs for HF in the US are estimated at $27.9 billion in 2005. The HF market has been
devoid of novel drugs on the market for some time partially because drug development in the
HF arena has one of the highest late stage failure rates. However, HF prevalence and
incidence are increasing as a result of an aging population and increasing survival in the
underlying cardiovascular disease patient base. This has resulted in an increased demand for
new treatments. The US HF market is expected to grow from $1.33 billion in 2004 to $4.33
billion by 2011. Marketed products include angiotensin converting enzyme (ACE) inhibitors
such as Vasotec and Altace, 3-adrenergic blockers (ARBs) such as Troprol and Coreg, nitric
oxide enhancing therapy (BiDil), angiotensin II receptor blockers such as Diovan and
Atacand, mineralocorticoid receptor antagonists such as Inspra, and recombinant human B-
type natriuretic peptide (Natrecor). There are also generic inotropes, vasodilators and
diuretics. Emerging therapies include statins, inotropes with calcium sensitizer and PDE
properties, recombinant erythropoietic protein, a-human natriuretic peptide, vasopressin
antagonists, advanced glycation end-product (AGE) crosslink breakers, and xanthene oxidase
inhibitors, among others.
[004] In the US, there are about 5 million heart failure patients and more that
285,000 deaths occur annually from this disease (American Heart Association, Heart Disease
and Stroke Statistics, 2006 Update, Dallas, TX). The number of patients is on the rise and is
expected to reach 11.5 million 1n 2011 (Frost & Sullivan, U.S. Heart Failure Therapeutics
Markets, F666-52, 2006; http://www.frost.com). Approximately 1.6 million patients have
New York Heart Association Class III or IV HF encompassing the population with moderate

to severe symptoms. These syndromes typically progress from Class II1 to IV over 3 to 10

years where the patients may be treated with optimal pharmacological therapy such as B-
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blockers, angiotensin II receptor type 1 blockers, angiotensin I converting enzyme inhibitors,
calcium channel blockers, and vasodilators. As additional symptoms occur, patients may
require medical devices such as implantable pacemakers or defibrillators and possibly left
ventricular assist devices (LVADs). With the possible exception of LVADs, these therapies
prolong life but do not stop or reverse the deterioration of heart function. In the mid- and
end-stages of this disease, patients are frequently hospitalized for shortness of breath with
dangerously low left ventricular ejection fraction (acute decompensation in patients with
chronic HF or acute HF). These patients require IV inotropes to increase contractility of the
heart muscle, IV diuretics to decrease fluid burden, and IV vasodilators to decrease peripheral
vascular resistance (ACC 2005). However, patients are discharged with signs and symptoms
of congestive HF and within 2 months after discharge, the readmission rate is about 30% and
the mortality rate is 10%. See, e.g., Gheorghiade, M. et al., Early Management of Acute
Heart Failure Syndromes, in Cardiovascular Emergencies, 2006, Omni, Atlanta, March, 11,
2006. Thus, there 1s an immediate and critical need for better therapies to treat acute HF.
[005] Heart failure may be manifested by cardiac muscle dysfunction, e.g., abnormal
contraction of heart muscle such as diastolic or systolic dysfunction. While several therapies
are available to treat abnormal contraction, there are currently no therapies that target
diastolic dysfunction of heart muscle seen in approximately 2.3 million patients. Despite
various etiologies of HF, its syndromes are highly related and systolic and diastolic
dystunctions coexist in most patients. See, e.g., Dyer, G.S.M. et al., Heart Failure, in
Pathophysiology of Heart Disease (L.S. Lilly ed.), Lippincott Williams & Wilkins,
Baltimore, MD, 2003, p. 234. Diastolic dysfunction results from compromised ventricular
heart relaxation (filling) in the presence of abnormal heart contraction and ejection fraction.
See, €.8., Zile, M.R. et al., Circulation, 2002, 105:1387-1393. Diastolic HF (DHF) is most
often associated with coronary artery disease, hypertension, aging and infiltrative
cardiomyopathy. Currently there are no consensus guidelines for the treatment of chronic
diastolic dysfunction as compared with the ACC/AHA treatment guidelines for systolic-
related HF.

[006] Heart dysfunction may be associated with loss or lack of dystrophin in the
cardiac muscle cell membrane (Takahashi, M. et al., Eur. J. Pharmacol., 2005, 522: 84-93;
Yasuda, S. et al., Supra; Kaprielian, R.R. et al., Circulation, 2000, 101: 2586-2594; Toyo-
~Oka, T. etal., Proc. Natl. Acad. Sci. USA, 2004, 101: 7381-7385). Dystrophin is a structural
protein that participates in cellular organization in muscle cells and promotes both myofibril

and sarcolemma (muscle cell membrane) stability. See, e.g., Kaprielian, R.R. et al.,
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Circulation, 2000, 101: 2586-2594. Genetic dystrophin deficiency or abnormal dystrophin
level are the underlying cause of Duchenne muscular dystrophy (DMD) and Becker’s
muscular dystrophy (BMD), respectively. Cardiac disease in both DMD and BMD manifests
as dilated cardiomyopathy (DCM), ardiac arrhythmia, or both. It is seen in young patients
with an incidence of 26% by the age of 6 and causes death of these patients typically in their
early to mid 20s. About 20% of DMD patients and 50% of BMD patients die from HF.
Female carriers of DMD or BMD are also at risk for cardiomyopathy. For carriers the age of
onset 1s unclear but is thought to be in the adult years. Cardiac involvement ranges from
asymptomatic to severe HF. See, e.g., American Academy of Pediatrics, Clinical Report,
Pediatrics, 2005, 116:1569-1573.

[007] Dystrophin levels in the muscle cell membrane can also be influenced by
environmental factors such as pathological stresses including catecholamine administration,
coronary ligation resulting in acute myocardial ischemia, and in chronic HF after myocardial
infarction (MI). The increase in intracellular calcium (Ca™) in HF subsequent to Ml is well
established with changes in calcium handling such as impaired removal of cytosolic calcium
by the sarcoplasmic reticulum (SR), ryanodine receptor leakage, decreased activity of the
sodium/calcium exchanger, and increased activity of phospholamban accompanying
impairment of cardiac relaxation and systolic function. See, e.g., Morgan, J.P. et al.,
Circulation, 1990, 81:11121-11I132; Iwanaga, Y. et al., J. Clin Invest., 2004, 113:727-736;
Zhang, X.-Q. et al., J. Appl. Physiol., 2002, 93:1925-1931; Wehrens, X.H. et al., Proc. Natl.
Acad. Sci. USA, 2006, 103:511-518; Angeja, B.G. et al., Circulation, 2003, 107:659-663.
These mechanisms may work to increase calcium initially leading to activation of calpains
(calclum-activated proteases) and remodeling pathways. Activation of calpains could lead to
1nitial loss of dystrophin from the membrane, causing it to become unstable and susceptible
to contractile stress. The loss of dystrophin and dystrophin-associated proteins from the
membranes of cardiomyocytes from HF patients and animal HF models is well documented.
See, e.g., Kawada, T. et al., Pharmacol. Therap., 2005, 107: 31-43; Kaprielian, R.R. et al.,
Circulation, 2000, 101:2586-2594). These proteins form complexes that provide mechanical
resistance to overexpansion of the sarcolemma. Loss of these proteins is associated with an
increase in the number of cardiomyocytes taking up the membrane impermeable dye Evans
Blue. See, €.g., Takahashi, M. et al, Fur. J. Pharmacol., 2005, 522:84-93.

[008] Further, an increase in calpains was demonstrated in models of myocarditis

where loss of dystrophin correlates with functional deficit (Lee, G.-H. et al., Circ. Res., 2000,
87:489-495).
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[009] Tears in the sarcolemma have been shown to be a conduit for calcium to enter
the cell and increase intracellular calcium. It has been proposed that a vicious cycle exists
where stresses that cause a sustained increase in intracellular calcium, either directly or
indirectly, lead to advanced HF. See, e.g., Kawada, T. et al., Pharmacol. Therap., 2005,
107:31-43. In this cycle, the increased sustained calcium activates calpains which, among
other things, cleave dystrophin. This leads to more membrane instability, more tears and
more calcium. As the remaining cardiomyocytes are stressed because of increased work
demand, they too enter this cycle.

(010} ACE inhibitors and ARBs are drugs that have been shown to improve cardiac
hemodynamics and survival in patients with heart failure. In the rat MI model of heart

failure, both of these agents have been shown to prevent a decrease in the level of dystrophin

from the membrane fraction of cardiac muscle cells, after MI, presumably by decreasing the
total calpain content. This effect was seen when the rats were treated with these agents
chronically from 2-8 weeks post infarction. See Takahashi, M. et al., Cardiovasc. Res. 2005,
65: 356-365.

[011] It has also been established that sustained increases in intracellular calcium
result in the activation of signaling pathways, which subsequently result in maladaptive
remodeling of the heart contributing to the functional problems. See, e.g., Molkentin, J.D. et
al., Cell, 1998, 93: 215-228; Wilkins, B.J. et al., Circulation Research, 2004, 94:110-8).
[012] Taken together, it appears that dystrophin loss and membrane instability

contribute to cardiac muscle dysfunction in HF.

SUMMARY OF THE INVENTION
[013] One aspect of this invention relates to a method for treating or preventing
heart failure in a subject, wherein the method includes administering to the subject in need
thereof a therapeutically effective amount of a Poloxamer. As used herein, the term
“therapeutically effective amount” refers to the amount of Poloxamer that can result in
improvement of condition or clinical effect in a subject. As used herein, the term “subject”
refers a mammal and includes, e.g., human, rat, or horse.
[014] In some embodiments, the heart failure is ischemic heart failure.
[015] In some embodiments the heart failure is caused by any stressor with the

exception of genetic loss of dystrophin.

[016] In some embodiments, the heart failure is chronic or acute heart failure.
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[017] In some embodiments, the Poloxamer is Poloxamer 188 (herein after “P-188")
or Poloxamer 407 (hereinafter “P-407”).

[018] In some embodiments, the Poloxamer restores dystrophin levels to the cell
membrane in tissue affected by HF (e.g., chronic HF). Example of the tissue and membrane
includes cardiac muscle and sarcolemma, respectively.

{019] In some embodiments, the Poloxamer 1s administered to the subject in need
thereof over a period of 1 to 26 weeks, or over a period as long as necessarily as determined
by the condition of the subject with heart failure.

[020] In some embodiments, the Poloxamer is administered once every 1 to 15
weeks. For instance, the Poloxamer can be administered once every 1, 2, or 12 weeks.

[021] In some embodiments, each dosage (or administration) of the Poloxamer is
about 0.15 to about 480 mg/kg (e.g., about 1 to 15 mg/kg), based on the subject’s weight.
Specitic examples of each dosage include about 1, 4.6, 10, 100, 400 mg/kg, and 460 mg/kg.
(022} Another aspect of this invention relates to a method for improving the function
of the membrane of cardiac muscle cells in a HF subject, wherein the method includes
administering to the subject a therapeutically effective amount of a Poloxamer. The term
“improving the function of the membrane” includes the meaning of improving the structure
of the membrane and thus preventing the membrane from tearing or leaking. Examples of
.suitable Poloxamer include P-188 and P-407.

(023] Amnother aspect of this invention relates to a method for restoring the integrity
of heart muscle cell membrane in a HF subject, wherein the method includes administering to
the subject a therapeutically effective amount of a Poloxamer. Examples of suitable
Poloxamer include P-188 and P-407.

[024] Still another aspect of this invention relates to a method for the treatment of
skeletal muscle disease associated with dystrophy deficiency in a patient, wherein the method
includes administering to the patient a therapeutically effect amount of a Poloxamer.
Examples of a suitable Poloxamer include P-188 and P-407.

[025] Yet still another aspect of this invention relates to a method for lowering and
maintaining intracellular calcium levels at normal levels in a heart failure patient, wherein the
method includes administering to the patient a therapeutically effective amount of a
Poloxamer. Examples of suitable Poloxamer include P-188 and P-407.

[026] Yet still another aspect of this invention relates to rapid and slow remodeling
of the left ventricle within hours of administering to a patient a therapeutically effective

amount of a Poloxamer. Examples of a suitable Poloxamer include P-188 and P-407.
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[027] The invention further provides a method for lowering left ventricular end-
diastolic pressure (LVEDP) and increasing the left ventricular ejection fraction (LVEF) in a
HF patient, comprising administering to the patient a Poloxamer. Examples of suitable
Poloxamer include P-188 and P-407.

j028] Also within the scope of this invention is the use of a Poloxamer (e.g., P-188
or P-4(7) for repairing the muscular tissue other than in the heart. The muscular tissue can
be, e.g., of the skeletal muscle.

[029] The invention further provides that the lowering of LVEDP can be separated
from the effect of increasing LVEF by using a therapeutic amount of a Poloxamer that does
not exceed 4.6 mg/kg.

{030} In addition to the administration of a Poloxamer such as P-188 or P-407 as
described above, the methods of this invention can further include additional materials in
combination such as an ACE inhibitor, ARB, B-adrenergic blocker, nitric oxide enhancing
therapies, mineralocorticoid receptor antagonist, recombinant human B-type natriuretic
peptide, calcium channel blocker, vasodilator, diuretic, and inotropic agent.

[031] The invention also provides a method for measuring the cell membrane
sealing activities of a sealant in a subject, which includes administering the sealant into the
subject, measuring and comparing the level of a leakage protein in serum before the sealant is
administered to the subject and the level of the same leakage protein after the sealant is
admuinistered to the subject.

[032] In some embodiments, the level of the leakage protein before the administration of the

sealant 1s higher (e.g., moderately higher such as 200%, or significantly higher such as 10-

fold) than the level after the administration of the same sealant.

[033] In some embodiments, the sealant is a Poloxamer (e.g., P-188 or P-407).
[034] In some embodiments, the subject has heart failure.
[035] In some embodiments, the leakage protein is from the cardiamyocyte of the

heart of the subject (e.g., N-terminal pro-B-type natriuretic peptide, cardiac troponin T,
troponin I, or the MB isoform of creatine kinase).

[036] Set forth below is a detailed description of this invention which is intended
only for illustrative purpose and should not be interpreted as limiting the scope of this

invention in any way. All publications cited herein are incorporated by reference in their

entirety.
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BRIEF DESCRIPTION OF THE FIGURES

{037] Figure 1 shows the effect of P-188 on cardiomyocyte compliance and
intracellular calcium.

[038] Figure 2 shows the effect of P-188 on left ventricular end diastolic pressure.
j039) Figure 3 shows the effect of P-188 on left ventricular ejection fraction.

[040] Figure 4 shows the effect of P-188 on left ventricular end-diastolic diameter.

DETAILED DESCRIPTION OF THE INVENTION
[041] The invention provides a method for treating or preventing HF in a subject by
using a therapeutically effective amount of a Poloxamer (e.g., P-188). This is based on the
discovery that Poloxamers (e.g., P-188) improve cardiac hemodynamics in heart failure
caused by MI which occurs because their interactions with damaged areas of membranes,
where a hydrophobic area is exposed, restore cellular membrane integrity.
[042] Poloxamers are nonionic block copolymers composed of a central
hydrophobic chain of polyoxypropylene flanked by two hydrophilic chains of
polyoxyethylene. Because the lengths of the polymer blocks can be customized, many
different Poloxamers exist with slightly different properties. These polymers are commonly
named with the word Poloxamer followed by a number to indicate which polymer is being
«discussed (e.g. Poloxamer 407 or Poloxamer 188).
[043] Poloxamer 188 (P-188) is a member of the Poloxamer family. It is a nonionic
triblock co-polymer of the formula poly(ethylene oxide)gy-poly(propylene oxide)sq-
poly(ethylene oxide)go with a molecular weight of about 8,400 Dalton. This compound has
several commercial names such as Pluronic F68, RheothRx, and FLOCOR. Some of its
biological uses include as a stool softener in several commercially available laxatives, as an
ingredient in cosmetics, and as an emulsifier for pharmaceutical agents. See, e.g., Ho, H.-O.
et al., J. Controlled Release, 2000, 68: 433-440. P-188 has been shown to insert into lipid
monolayers (Maskarinec, S.A., et al., Biophys. J., 2002, 82: 1453-1459) and repair
electrically damaged cell membranes (Lee, R.C., et al., Proc. Natl. Acad. Sci. USA, 1992,
89:4524-45238). It has also been used for controlled drug delivery, for sensitizing tumors to
chemotherapy (Kabanov, A.V. et al., Adv. Drug Delivery Rev., 2002, 54:759-779), and as
carrier for gene therapies. P-188 has been in Phase III clinical trials for vaso-occlusive crisis
in sickle cell disease (Adams-Graves, P. et al., Blood, 1997, 90:2041-2046; Emanuele, R.M.,

Exp. Opin. Invest. Drugs, 1998, 7:1193-1200.) and to assess thrombolytic activity in patients
with acute M1 (CORE) (Schaer, G.L., et al., Circulation, 1996, 94:298-307; Chareonthaitawe,
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P., etal., Heart, 2000, 84:142-148). In these trials, the efficacy of P-188 was equivocal. P-
188 1s safe when given acutely for up to 72 hours and well tolerated in children and adults
upon repeated exposure (up to 6 exposures). See, e.g., Gibbs, W.J. et al., Ann.
Pharmacother., 2004, 38: 320-324. The most significant adverse effect in studies with
RheothRx (P-188 of lower purity) was renal dysfunction, which however was not seen with
the more pure form FLOCOR (Emanuele, R.M., supra). P-188 has a half-life of 7.5 hours in
plasma of rodents and 18 hours in human subjects, but its half-life in biological membranes
has not been determined. Pharmacokinetic studies have shown that less than 5% of purified
P-188 1s metabolized to a single metabolite of higher molecular weight and slower clearance.
Renal clearance is the primary route of elimination. P-188 is non-mutagenic and does not
cause chromosomal abnormalities.

[044] Poloxamer 407 (P-407) is a hydrophilic non-ionic surfactant of the more
general class of copolymers known as Poloxamers. P-407 is a triblock copolymer consisting
of two hydrophilic blocks (poly-ethylene glycol) separated by a hydrophobic block (poly-
propylene glycol). The approximate length of each of the two PEG blocks is 101 repeat units
while the approximate length of the propylene gycol block is 56 repeat units. This particular
compound is also known by the BASF trade name Lutrol F-127.

[045] Poloxamers (including P-188 and P-407) of different grades are readily
available from commercial sources, e.g., BASF. Alternatively, a skilled polymer chemist can
also synthesize a Poloxamer of desired properties and molecular weight and purify it by
methods known 1n the art. See, e.g., U.S. Patent Nos. RE 36,665, RE 37,285, RE 38,558,
6,747,064, 6,761,824, and 6,977,045. See also Reeve, L. E., The Poloxamers: Their
Chemistry and Applications, in Handbook of Biodegradable Polymers, Domb, A.J. et al.
(eds.), Hardwood Academic Publishers, 1997. All publications cited herein are incorporated
in their entireties by reference.

[046] Poloxamers can be administering to a subject in need thereof by any

appropriate route, e.g., orally or by infusion (intravenously). Assays known in the art can be

used to determine the efficacy of a Poloxamer in treating heart failure, e.g., by measuring the
LVEDP or LVEF.

[047) The following examples are provided to illustrate the invention and are not

intended to be limiting in any way.
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Example 1: Mouse in vifro and in vivo Study of Membrane Integrity and
Hemodynamics

[048] Functional assays for studying active and passive force development and
intracellular calcium in membrane of intact, single, adult cardiomyocytes are known in the
art. See, e.g., Yasuda, S. et al., supra. This study is used to define a primary defect in cell
compliance in single isolated mdx cardiomyocytes evidenced by increased susceptibility to
stretch-mediated membrane instability and calcium-dependent hypercontrécture.

[049] As shown in Figure 1, left panel, A, within the physiological range of
sarcomeric length (SL) relevant to diastole (1.80-2.20 mm), P-188 fully restored mdx
cardiomyocyte compliance and intracellular calcium to control levels. As shown in Figure 1,
left panel, B, Nifedipine, the L-type calcium channel blocker, did not prevent the heightened
cellular calcium level in response to stretch, indicating that calcium is elevated through a
different mechanism. Since calcium leak channels are not activated by stretch, calcium must
enter the cell through another mechanism, e.g., through microscopic tears in the membrane.
This was confirmed using a lipidic dye assay. See, e.g., Yasuda, S. et al., supra. Preliminary
studies in isolated ventricular myocytes from golden retriever muscular dystrophy (GRMD)
animals (see Figure 1, Center Panel) show that the passive tension-extension curve is
markedly upward and leftward shifted compared to control dog cardiomyocytes. This is
evidence that the cellular compliance defect noted in cardiomyocytes from mdx mice is much

more pronounced in those from GRMD dogs. In addition, it demonstrates that P-188 (150
M) restores cellular compliance, as manifested in the shape and position of the passive
tension-extension curve back nearly completely to control (see Figure 1, right panel, part A).
The magnitude of P-188’s effects is therefore comparatively greater than that seen in mouse
cardiac myocytes.

[050] As shown in Fagure 1, right panel, A and B, P-188 prevents cardiac
dysfunction in mdx mice in vivo, which is consistent with its cellular effect of preventing
stretch-induced membrane damage. Baseline left ventricular hemodynamic performance was
depressed in mdx mice, including reduced left ventricular end-diastolic volume (LVEDV).
[051] Intravenous 1nfusion of P-188 increased LVEDYV to levels seen in control
hearts. Shown below i1n Table 1 is a summary of hemodynamic data following the infusion.
The changes in hemodynamic indices provided in Table 1 suggest that the primary effect of
acute P-188 administration 1s to restore end-diastolic volumes without significantly changing
end-diastolic pressure or other parameters, consistent with P-188’s effect on improving the

compliance of the mdx cardiomyocytes in vitro (see Figure 1, left panel). Cardiovascular

S
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stressors can cause acute cardiomyopathy and failure in mdx mice (Danialou, G. et al.,
FASERB J., 2001, 15:1655-1657). One of these stressors, an acute dobutamine stress
challenge, was used to determine if P-188 could block these events in vivo. Untreated mdx
mice had a very attenuated hemodynamic response to the dobutamine infusion and a
significant incidence of acute cardiac failure (see Figure 1, right panel, C) during the 30-
minute stress-test regime. Pre-treatment of mdx animals with P-188 immediately improved
hemodynamic response to dobutamine infusion and conferred protection from dobutamine-
induced acute HF in vivo (P=0.005). These results suggest that P-188 treatment of patients in
acute HF improves cardiac performance and also improves inotropic functional support.

Table 1. Summary of baseline hemodynamic data in mdx mice (data are mean = SEM).

—_— I — s P A r——

|
| C37BL/10 C57BL/10 + P-188 mdx (n= | mdx + P-188
-I (n=13) (n=7) 13) (n=11)
Heart Rate (bpm) 598 4+ 13 582+ 10 585+ 13
End-Systolic Volume (mL) | 10+ 2 7+ 1 133
o

End-Systolic Pressure 102 + 4 111 &= 6
(mmHg)

i

End-Diastolic Pressure
(mmHg)

|
Stroke Volume (ml) 19+ 2 19 3 3

(dP/dt)pax (mmHg/s) 11,440 + 660 13,330 & 460 10’611190 " 10’681800 "

e —— e o — ——s

53+04 6.1+1.4

(dP/d)pin (mmHg/s) -11,420 + 616 -11,810 + 440 "8’5133 = 127,110 = 390
rets05 | sazos | 86205 | 95207

Example 2. In vivo Study of Heart Hemodynamics in the MI Rat Heart Failure Model
with High-dose Poloxamer.

[052] In the rat MI model used in this study, the left anterior descending coronary
artery (LAD) was tied off to produce an infarction of greater than 40%. The rats become
stable after 1-3 weeks and at Week 3 exhibited significant left ventricular dysfunction.
Week-8 post-MI of these rats (HF rats) corresponded to the time of dystrophin loss. Controls
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include untreated HF rats, and sham-operated animals where the LAD was exposed but not
tied off.

[053] On the day of treatment, rats were infused with P-188 at 460 mg/kg over a 30-
minute period and the hearts were catheterized and hemodynamics were monitored over a 4-
hr period.

[054] Compared with untreated MI rats, P-188 treatment caused a significant: 1)
decrease in LVEDP, suggesting an increased ability of the heart to relax; 2) a significant
(~45%) increase in LVEF, a measurement that indicates the ability of the heart to empty its

content during systole; and 3) a significant decrease in isovolumic relaxation (LV —dP/dt), a
measure of the rate of fall in pressure. The heart rate (HR), left ventricular systolic pressure
(LVSP), left ventricular 1sovolumic contraction (LV +dP/dt), and left ventricular end systolic

volume did not change significantly. Data from the measurements are summarized below in
Table 2.

Table 2. Hemodynamic parameters for congestive heart failure (HF) rats
untreated and treated with P-188 (460 mg/kg).

HR LV SP | LVEDP | LV dP/dt(+) | LV dP/dt (-)
(beats/m) | (mmHg) | (mmHg) | (mmHg/sec) | (mmHg/sec)
HF | 245+11 9114 22+1 3574+363 25721247
HF +P-188 | 214%+18 877 31001286 1767+249%

Data are mean+SE. *P < 0.05 compared to HF; N=6 in each group.

[055]) The results from this study indicate that P-188 has an effect on cardiac
hemodynamics. The approximate 45% increase in LVEF is clinically significant. Ejection
fraction is the percent of end-diastolic volume that is ejected as the stroke volume and is a
measurement of pump function. It can be influenced by blood pressure (afterload), the
amount of blood returning to the heart (preload), volume of the heart chamber, and heart rate.
Our data indicate that P-188 treatment did not affect HR, and did not increase afterload
because LVSP did not rise. Thus it appears that P-188 has an effect on preload, '@hich can be
influenced by venous return of blood to the heart as well as compliance of heart muscle.
LVEDP, also influenced by these parameters, is decreased in our experiments. Since a
stgnificant drop in venous return should be accompanied by a change in blood pressure,

which is not seen with P-188. The results suggest that P-188 increases the compliance of the

working heart.
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Example 3: In vivo Study of Heart Hemodynamics in the MI Rat Heart Failure Model
with Low Dose Poloxamer.

[056] On the day of treatment, rats were infused with P-188 at 4.6 mg/kg over a 30-
minute period and the hearts were catheterized and hemodynamics monitored over a 4-hr
period. Some animals were monitored by echocardiography.

[057] As shown in Figure 2, congestive heart failure (CHF) and sham-operated
control rats were treated or not with 4.6 mg/kg P-188 over a 30-minute interval and LVEDP
was measured at 4 hr post dosing. Untreated CHF rats exhibited a 20 mm pressure rise in
LVEDP developed over the 8-week interval between infarction and treatment. Treatment
with 4.6 mg/kg of P-188 decreased LVEDP by 9 mm Hg compared to untreated CHF
ammals. P-188 treatment at this dose had no effect on LVEDP in sham-operated control rats.
[058] As discussed above, P-188 treatment of CHF rats caused an increase in LVEF
at the 460 mg/kg dose. At 4.6 mg/kg, P-188 had no effect on LVEF compared with untreated
CHEF rats (see Figure 3). This result was surprising and completely unexpected since the
effect on LVEDP was maintained or even enhanced at the 4.6 mg/kg dose.

[059] The results from the high and low dose experiments indicate that the effect of
P-188 on lowering of LVEDP can be separated from the effect on LVEF. These results
suggest the possibility that significantly greater membrane repair is required for the effect on
LVEF. Thus, P-188 treatment over a 4.6 to 460 mg/kg dose range caused a drop in LVEDP
in CHF rats that is statistically and potentially clinically significant. The results suggest that
P-188 at doses lower than 4.6 mg/kg may be effective in decreasing LVEDP.

[060] In addition to the drop of LVEDP in CHF rats treated with 4.6 mg/kg of P-
188, a decrease in left ventricular end-diastolic diameter (LVEDD) was also observed (see

Figure 4). This decrease represents a movement toward normal LVEDD. This was surprising

in light of the fact that this measurement was taken at 4 hr post-treatment. This rapid
remodeling of the heart muscle was unexpected and such a rapid remodeling has not been
previously reported for any heart failure treatment. No significant change in LVEDD was
observed at the high dose by echocardiography. The reason for this remains to be established
but 1t is possible that non-specific effects at the high dose of P-188 might mask the
mechanistic effects of this class of compounds.

[061] The separation of P-188 effects based on dosage is clinically useful. In
chronic heart failure patients that have acute decompensation episodes, LVEF can fall to a

dangerously low level. In such patients, a dose of P-188 greater than 4.6 mg/kg could be
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used to increase ejection fraction to help reestablish a compensated state. In stable patients
with chronic heart failure (sufficiently high ejection fraction) a dose of P-188 at or below 4.6

mg/kg would be useful in maintaining left ventricular compliance and in maintaining the

diameter of this chamber of the heart.

Example 4. Chronic treatment of Heart Failure in the Rat MI model of Heart Failure
with P-188.

[062) The study occurs over an 18-week period. Table 3 below illustrates the design
and flow of the possible study. Specifically, rats are acclimated to 12 hours day night cycles
for 2 weeks prior to the study. Groups are labeled by the number of weeks post MI (W) that
the animals are used. Treatment with P~188 is indicated as T and NT stands for non-
treatment. The number of rats in each group at the beginning of the study is scaled to account
for a 25% mortality at 1 week post M1. Hemodynamic measurements (Hemo-meas.) are
made on each 16 W group (N=12). All hearts from remaining animals are harvested and
flushed with ice-cold buffer and used in experiments outlined in other examples described
below. Blood samples are collected from all rats in EDTA collection tubes and used later.
Myocardial infarction is induced by ligation of the left anterior descending coronary artery
(LAD) as described in Day, S.M. et al., Supra; Tarnavski, O. et al., Physiol. Genomics, 2004,
16: 349-360; with modifications for the model. Briefly, Sprague-Dawley rats (250-300 g) are
anesthetized with intraperitoneal ketamine (50 mg/kg) and xylazine (5 mg/kg), intubated and
mechanically ventilated with 2% isoflurane. A left thoracotomy is performed and the
proximal LAD is encircled with a suture. The suture is ligated and occlusion confirmed by
the change in color (to pale) of the anterior wall of the LV. Sham-operated controls will not
have the suture ligated. For the M1 rats, a mortality rate of approximately 25% is expected in
the first week. Fifty-six rats representing those that receive P-188 treatment or vehicle are
anesthetized as described above on week 9 post MI. A urethane coated antithrombogenic
vascular catheter is mserted into the jugular vein and exteriorized at the dorsal side of the
neck. The catheter is filled with saline and heparin and closed (see, e.g.,
http://www.braintreesci.com/Thoracic.htm). Starting with the 13" week post-MI, these 28
rats are infused daily, weekly, every other week, or monthly with P-188, with a dosagé of

between 1 and 480 mg/kg (e.g., at about 4.6 mg/kg or 460 mg/kg) at a rate of 0.2
mL/K g/minute.

13
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‘Table 3. Design for In Life Procedure

e

16W | 16W | 16W | 12W | 8w | 4w | 4w | 8W [ 12W | 16W | 16W
NT T NT NT | NT | NT | NT | NT NT T NT
I I I I I I
2 3 4 5 10 13 16 17
L 0 s e
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Hemo oW
NT 12 12
SEEREERRRHEN
oo | L e e e
other
e ‘
[063] When more than two data sets are compared, analysis of variance (ANOVA)

is used to examine whether significant differences exist between groups. When interactions
among the various groups are indicated by ANOVA, a Student’s-Neuman-Keuls post hoc test
1s used to determine significant differences between two mean values. The mean value is

derived from a sample size of at least 5 observations. Probability is set at lower than 0.05.

Example 5: Determination of Effect on Dystrophin Levels in Chronic Heart Failure
Rats.

[064} ‘It has been shown that dystrophin deficiency has a profound effect to slow
relaxation performance in single myocytes under physiological load. P-188 acutely corrected

this relaxation defect. See, e.g., Yasuda, S. et al., supra.

1065] Loss of dystrophin from the sarcolemma of cardiomyocytes from the Ml rat is.
tollowed out to 8 weeks post MI. It is important to know whether or not this loss is
progressive since the magnitude of the response to P-188 may be directly related to
membrane fragility and the number of microscopic tears. This information might be useful in
predicting patient outcomes based on the history of their disease.

[066] In this study, dystrophin and other membrane proteins are evaluated by both

western blotting and by immunohistochemistry according to procedures described in Dai et

al., J. Biol. Chem., 2002, 276: 37178-37185; Molkentin et al., J. Biol. Chem., 1993, 268:
14
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19512-19520. Western blotting 1s used to measure dystrophin in the membrane fraction from
cells in the non-infarcted area of the heart. A minimum of 6 MI hearts are analyzed from
each time point and are taken from animals after hemodynamic parameters have been
determined (see below). The sarcolemma fraction is prepared and the cytosolic fraction is
frozen and stored at -80 °C. After protein determination, an equal amount of protein from
each sample 1s run on a 6% or 12% SDS-polyacrylamide gels and blotted to polyvinylidene

fluoride (PVDF) membrane and the appropriate proteins detected with their respective

antibodies. The antibodies to be used are against dystrophin, a-sarcoglycan (a-SG), B-

sarcoglycan, y-sarcoglycan (y-SG) and B-dystroglycan, which are commercially available
(e.g., from Novocastra). It has been shown previously that while dystrophin and a-SG

decrease at 8-weeks post M1, y-SG remains unchanged. See, e.g., Yoshida, H. et al.,

Cardiovas. Res., 2003, 59: 419-427). As such y-SG is used as a loading control. Levels of
these proteins in the MI rats are compared with those in both un-operated and sham operated
control hearts to determine the relative decrease in dystrophin and a-SG over time.

[067] Non-infarcted L'V and septum of MI and control hearts are homogenized in 5
volumes of ice-cold buffer (300mM phenylmethylsulfonyl fluoride (PMSF), 320 mM
sucrose, 1 mM EGTA, 20 mM Tris-HCL pH 7.4). The homogenate 1s centrifuged at 1000 X
g at 4 °C for 10 min. The supernatant fluid is centrifuged at 8000 X g for 20 minutes and the
resultant supernatant fluid is re-centrifuged at 100,000 X g for 20 minutes at 4 °C. The
resultant pellet, the sarcolemma fraction, is resuspended in buffer without PMSF and protein
concentration determined (Yoshida, H. Supra). The supernatant fluid is the cytosolic
fraction. This fraction is concentrated, separated by electrophoresis and blotted for clevage
products or membrane-dissociated proteins if data from the membrane fraction is not
definitive.

{068} Immunohistochemistry is conducted to determine if any change in membrane
dystrophin reflects large loss in a few myocytes or a more general effect. Hearts are frozen in
1sopentane chilled in liquid nitrogen. 4-10 um sections are cut and air-dried on slides coated
with section adhesive. The unfixed section is incubated with primary antibody for 1 hr at 25
°C, washed 3 times each for 10 minutes in buffer (1% bovine serum albumin/phosphate
buffered saline (PBS)), and then incubated with fluorescently labeled secondary antibody for
] hour at 25 °C. The section is then washed three times with buffer. Sections are then

mounted in Vectashield (Vector Labs) and visualized by confocal microscopy. Digital

photographs are taken of each section. To confirm membrane localization of dystrophin,
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some serial sections are incubated with antibodies against vinculin and compared with
dystrophin staining.
[069] After blotting and antibody staining, proteins on the western blots are

visualized by enhanced chemiluminescence and the bands developed on X-ray film. The
bands on the film are quantitated by densitometry and normalized to y-SG in order to

compare between gels. Loading is also checked by Coomasie Blue staining of the gels. For
western blots, equal amounts of protein/lane. Images of cryosections are analyzed using
Image Pro image analysis software. However, the latter are intended to be used to determine
the breadth of the dystrophin/a-SG loss across the non-infarcted regions of the heart.

[070] If no further diminution in these protein levels is observed at later times it may
be that the changes are too small to be detected. An inability to see a significant change past
8 weeks post MI indicates that the significant change to membrane stability occurs early and
that P-188 effectively reduces the dystrophy levels (by 25-30%) and also reduces the o-SG
level by 40-50%) after 8-weeks from the MI.

Example 6: Identification of Membrane Leakage

[071] At 8 weeks post MI, a loss of integrity in the sarcolemma cardiac myocytes
has been demonstrated by showing uptake of the membrane impermeable dye Evans Blue
(EB) 1n 1solated cells Kawada T., supra. (EB dye forms a tight complex with albumin and it
1s this complex that is taken up by damaged cells). The EB method for assessing cardiac and
skeletal muscle damage is used as described in Straub, V. et al., J. Cell Biol., 1997, 139: 375-
385; Bansal, V. et al., Nature, 2003, 423:168-172; Coral-Vazquez, R. et al., Cell, 1999, 20:
465-474.

[072] Rats for this study are accounted for as in Table 2. At each time point,
animals (N= 6-7) are removed from the study and injected with a sterile EB dye solution in
their tail vein. EB dye is dissolved in PBS (10 mg/ml) and sterilized by passage through
membrane filters with a pore size of 0.2 mm. Rats are injected with 0.025 mL/g of body
weight of the dye solution, and sacrificed 6 hours after EB dye administration. During the
time between injection and sacrifice, the rats will be housed in standard laboratory cages.
Cardiac muscle sections for microscopic EB detection will be incubated in ice-cold acetone at
-20 °C for 10 minutes, rinsed with PBS and mounted with Vectashield mounting medium
(Vector Labs). The heart sections will be viewed by fluorescence microscopy where EB

stained regions appear red. All sections are photographed and photos analyzed to determine
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the areas of the EB positive and negative cell staining. These areas are compared to those in
sham-operated animals (N=7) as well as those from an un-operated cohort (N=12).

[073] From each heart, 5-7 of 7-mm sections is mounted and photographed.
Photographs are analyzed using Image Pro software. Areas stained with EB dye are traced

. and the area within the trace quantitated. This is normalized to the area of the non-infarcted
tissue in the section. Similar sections are taken from hearts at different times. In this way, it
1s determined whether the number of EB staining cells is increasing post MI. When more
than two data sets are compared, analysis of variance (ANOVA) is used to examine whether
significant differences exist between groups. When interactions among the various groups
are indicated by ANOVA a Student's-Neuman-Keuls post hoc test is used to determine
significant differences between two mean values. The mean value is derived from a sample
size of at least 5 observations. Probability is set at less than 0.05.

[074] It 1s expected that Evans Blue staining areas will not be seen in the hearts from
sham-operated controls or from normal Sprague-Dawley rats. At 12 and 16-weeks post MI
an increase in the number of compromised cells is anticipated although this may not be as

large an increase as seen between 4 and 8 weeks. This may be due to the prolonged stable

phase of heart failure seen in this model.

Example 7: Effect of Chronic Treatment on Cardiac Hemodynamics

[075] As outlined above in Table 3, rats are catheterized and treated with purified P-
188 for 4 weeks total (16WT group) or vehicle (16W NT) from 12-16 weeks post MI. The
16 WNTS group are not catheterized or do not receive vehicle. At 16 weeks post M1, these
animals are anesthetized, intubated and mechanically ventilated. A median sternotomy is
performed and a pressure-volume conductance catheter inserted into the L'V through the apex
to obtain hemodynamic data, which is analyzed with ARIA 1 Pressure-Volume Analysis
software (Milar Instruments). The following parameters are analyzed: maximum LV ejection
fraction, stroke volume, dP/dT, end-systolic volume, end-systolic pressure, end diastolic
pressure, end diastolic volume, and -dP/dT. After measurements, the animals will be
terminated and blood will be collected for serum and hearts will be frozen as described in
specific aim 2 for immunohistochemistry.

[076] Based on the hypothesis that P-188 works by repairing these compromised
areas, 1t might be expected that P-188 would have a larger effect in hearts where, prior to cell

death, more cells are compromised. It is also expected that if more cells are compromised.,
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more dystrophin will be lost from the membrane. Here we will determine if the number of
compromised cardiac myocytes increases at over the 16-week in life portion of the study.
[077} We expect that P-188, in the chronic dosing paradigm, will improve LVEDP
and thereby diastolic dysfunction at 16 weeks post MI. These results will be compared to the
8-week post MI model (acute dosing) to begin to study the potential affect of remodeling on
P-1388 efficacy. At high doses (e.g. 460 mg/kg) P-188 treatment is also expected to improve
systolic function by increasing LVEF. Regardless of the outcome of this study, the results
obtained will provide significant insight into the efficacy of P-188, the type of patient who

should be treated, and the clinical outcomes expected. These results will be invaluable to the

design of potential clinical trials.

Example 8: Determine in the rat if serum markers of myocardial damage are increased
during HF, and if P-188 treatment lowers the levels of these markers.

[078] There are several reports in the literature that indicate that the serum levels of
some cardiac proteins (leakage proteins) are elevated with no evidence of an acute ischemic
event or sites of detectable necrosis (Tschope, C. et al., J. Card. Fail., 2005, 11: Suppl. S28-
S33; Nunes, J.P., Rev. Port. Cardiol., 2001, 20: 785-788; Zhu, T. et al., Circulation, 2005,
112: 2650-2659; Lowbeer, C. et al., Sqand- J. Clin. Lab Invest., 2004, 64: 667-676. In Zhu,

T. et al., supra, 1t is suggested that membrane integrity is restored by the replacement of §-SG
and subsequently CK-MB levels in serum decrease. In Nunes, J.P., supra, it is suggested that
Inl mght be released from myocardial cells without complete disruption of the membrane.
These papers suggest that markers, typically associated with necrotic damage, can be leaked.
It is believed that these makers are leaked through tears in the myocyte sarcolemma that may
be repairable. Therefore, an increase in the levels of these markers in serum, from 4 to 16
weeks post MI may be a measure of membrane tears that are, in part, repairable. If P-188
works by repairing these tears, then a decrease in the serum level of these markers would be
expected and could be used as potential clinical mechanism biomarkers for P-188 therapy.
[079] Serum levels of cardiac muscle damage markers cardiac troponin I (cTnl),
cardiac troponin T (¢TnT), creatine kinase brain and muscle isoforms (CK-MB and CK-M
and CK-B), pro brain natriuretic peptide (proBNP), atrial natriuretic peptide (ANP), myosin
light chain I (MLC-I), and heart fatty acid binding protein (WFABP) are measured along with
dystrophin and potentially leptin (Schulze, P.C. et al., Clin. Chem. Acta, 2005, 362:1-11).

Rat ¢Tnl, and hFABP ELISA kits are available from Life Diagnostic, rat BNP from BioCat ,

rat ANF from Blossom Biotechnologies and rat leptin from several commercial sources.
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Antibody pairs for development of ELISAs of rat CK-MB, ¢TnT, MLC-1 and dystrophin are
commercially available. The development of ELISAs has been standardized and put into kit
form by several manufacturers. They are all similar in content but differ in detection methods
and in procedure depending on the type of antibodies used. The respective antigens for these
antibodies are also commercially available and can be used for determining the sensitivity
and linearity of the assays. Prior to assaying serum from each of the MI rats, serum from a
minimum of 20 control Sprague-Dawley rats are assayed for each protein to set a baseline
ranges. Two normal rats receive EB dye infection 6 hr prior to sacrifice to determine the
effect of this agent on the ranges of cardiac markers. Blood is collected in a centrifuge tube
from each rat, shown in the in life portion of the experiment, at sacrifice, the red blood cells
are allowed to clot for 15 minutes at the room temperature and centrifuged at 1500 RPM in a
table top centrifuge. The serum is frozen and stored at -80 °C until use.

[080] Serum are collected from each animal, including those treated with EB dye to
determine any consistent differences between marker levels from EB dye treated and
untreated animals. The amount of marker present in the serum sample of each animal is
quantitatively determined using a standard curve and will be expressed as mg/ml. For CK,
the amount of the cardiac MB is determined, as well as CK-M and B, so that it can be
expressed as the ratio of CK-MB/CK ., to accurately reflect that derived from compromised
cardiac myocytes.

[081] Given the foregoing, it 1s expected that one or more of the selected markers
will show a sustained increase from 8-16 weeks post M1 and P-188 treatment for 4 weeks is
expected to cause a decrease, closer to the normal range, in the level of all markers that are
elevated. This result would suggest that P-188 stimulates the cardiomyocyte to repair its

sarcolemma and would provide evidence that this biomarker that could be used in clinical

tnals.

19



CA 02659909 2009-01-30
WO 2008/016640 PCT/US2007/017182

WHAT IS CLAIMED IS:

1. A method of treating or preventing heart failure in a subject, comprising
administering to the subject in need thereof a therapeutically effective amount of a
Poloxamer.

The method of claim 1, wherein the heart failure is ischemic heart failure.

The method of claim 1, wherein the heart failure is chronic heart failure.

The method of claim 1, wherein the Poloxamer is Poloxamer-188.

Al

The method of claim 1, wherein administration of Poloxamer-188 restores dystrophin
levels in the heart.

6. The method of claim 1, wherein the Poloxamer is administered over a period of 1 to
26 weeks.
7. A method for restoring the integrity of heart muscle cell membrane in a heart failure

patient, comprising administering to the patient a therapeutically effective amount of a

Poloxamer.
3. The method of claim 7, wherein the Poloxamer is P-188.

9. A method for improving the function of the membrane of cardiac muscle cells in a
heart failure patient, comprising administering to the patient a therapeutically
effective amount of a Poloxamer.

10. The method of claim 9, wherein the Poloxamer is P-188.

11. A method for improving diastolic heart function in a heart failure patient, comprising
administering to the patient a therapeutically effective amount of a Poloxamer.

12. The method of claim 11, wherein the Poloxamer is P-188.

13. A method for lowering and maintaining intracellular calcium levels at normal levels

in a heart failure patient, comprising administering to the patient a therapeutically

effective amount of a Poloxamer.

14. The method of claim 17, wherein the Poloxamer is P-188.

15. A method for lowering left ventricular end-diastolic pressure and increasing the left
ventricular ejection fraction in a heart failure patient, comprising administering to the
patient a therapeutically effective amount of a Poloxamer.

16. The method of claim 15, wherein the Poloxamer is P-188.

17. The method of claim 16, wherein each dosage of P-188 ranges from 0.15 to 480
mg/kg.

18. The method of claim 17, wherein each dosage of P-188 is about 460 mg/kg.
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The method of claim 15, wherein the Poloxamer is administered once every 1 to 15
weeks.

The method of claim 19, wherein the Poloxamer is administered once every 1, 2, or
12 weeks.

The method of claim 19, wherein the Poloxamer is P-188.

A method for lowering left ventricular end-diastolic pressure without simultaneously
increasing the left ventricular ejection fraction in a heart failure patient, comprising
administering to the patient a therapeutically effective amount of a Poloxamer.

The method of claim 22, wherein the Poloxamer is P-188.

The method of claim 23, wherein each dosage of P-188 ranges from about 0.15 to 15
mg/ke.

The method of claim 24, wherein each dosage of P-188 ranges from about 1 to 15
mg/kg. |

The method of claim 25, wherein each dosage of P-188 is about 4.6 mg/kg.

The method of claim 22, wherein the Poloxamer is administered once every 1 to 15

weeks.

The method of claim 27, wherein the Poloxamer is administered once every 1, 2, or
12 weeks.

The method of claim 27, wherein the Poloxamer is P-188.

A method of measuring the cell membrane sealing activities of a sealant in a subject,
comprising measuring and comparing the level of a leakage protein in serum before
the sealant 1s administered to the subject and the level of the same leakage protein
after the sealant is administered to the subject.

The method of claim 30, wherein the level of the leakage protein before the

administration of the sealant is higher than the level after the administration of the

same sealant.

The method of claim 30, wherein the sealant is a Poloxamer.

The methed of claim 32, wherein the Poloxamer is P-188 or P-407.
The method of claim 30, wherein the subject has heart failure.

The method of claim 34, wherein the leakage protein is from the cardiomyocyte of the
heart of the subject.

The method of claim 35, wherein the leakage protein is N-terminal pro-B-type

natriuretic peptide, cardiac troponin T, troponin I, or the MB isoform of creatine

kinase.
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LV End Diastolic Pressure in Moderate to Severe Heart Failure
Treated with 4.6 mg/kg P188
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Sham CHFNoRx CHF+46 Sham + 4.6

LVEDP (mmHg) in Sham, heart failure animals untreated (CHF + No Rx)

heart failure treated with 4.6 mg/kg P188 (CHF + 4.6) and Sham treated wi

. . : ith 4.6 mg/kg.
P <0.05 vs CHF No rx and CHF 4.6; ** P <0.05 vs CHF No Rx and Sham + 4.6 mglkg.

Data are mean + SE, N = 4 for sham. 6 for CHF, 11 for (4.6 sham and CHF)T'

Figure 2
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LVEF in Moderate-Severe Heart Failure Animals Treated
with Standard and Low Dose P188

x

Sham CHF CHF + Standard CHF +4.6

LVEF (percent) in Moderate-Severe Heart Failure animals,
treated with standard and low (4.6 mcg/kg) 8 weeks after M.
Data are mean + SE. N = 4 for sham, 6 CHF, 6 standard

and 11for 4.6. *P < 0.05 vs all groups. ** P < 0.05 vs. CHF.

Figure 3
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LV End Diastolic Diameter in Moderate-Severe Heart Failure Animals
Treated with Standard and Low Dose P188

Sham CHF CHF + standard  CHF +4.6

LV End Diastolic Diameter (cm) in moderate-severe heart failure animals,

treated with standard and low (4.6 mcg/kg) P188 8 weeks after Mi.
Data are mean + SE. N = 4 for sham, 6 for CHF and standard, 11 for low dose.

*P < 0.05 vs CHF and standard dose.

Figure 4
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