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(57) Abstract. Described herein are inventions
directed to methods of treating a diastolic cardiac
dysfunction and the symptoms thereof in a sub-
ject that includes administering an amount of a
TRPV2 receptor agonist effective to treat the dia-
stolic cardiac dysfunction. The TRPV2 receptor
agonist may be administered in at least one of an
injection, orally, or transdermally. The amount of
TRPV2 receptor agonist is sufficient to result in
an improved performance on quantitative dia-
gnostic criteria. In an embodiment, the TRPV2
receptor agonist is administered over a period of
about 8 hours to about 24 hours. The TRPV?2 re-
ceptor agonist may be used for short term treat-
ments, i.e., less than a week, or it may be admin-
istered in a long term manner, i.e., over a period
of weeks, months, or even years. Exemplary
TRPV2 receptor agonists include probenecid, 2-
aminoethoxydiphenyl borate, cannabinol, canna-
bidiol, and combinations thereof.
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TREATMENT OF A DIASTOLIC CARDIAC DYSFUNCTION WITH A TRPV2

RECEPTOR AGONIST
RELATED APPLICATION
[0001] The Present application claims priority to U.S. Serial No. 61/778,826 filed
March 13, 2013, the disclosure of which is hereby incorporated hercin by reference in its
entirety.
Field
[0002] The present invention relates generally to the treatment of a diastolic cardiac

dysfunction and more particularly to the treatment of diastolic cardiac dysfunction with a
TRPV2 receptor agonist.
BACKGROUND

[0003] The most common form of heart failure is a variant known as heart failure
with preserved ejection fraction (HFpEF) and its precursor conditions, diastolic dysfunction,
left ventricular hypertrophy with impaired left ventricular relaxation, and infiltrative
cardiomyopathy with impaired left ventricular relaxation. HFpEF was previously known as
"diastolic heart failure" due to the lack of capacity of the heart to expand adequately and fill
during diastole, even though it is capable of contracting appropriately (i.c normal systolic
function). HFpEF is almost exclusively a disorder that affects persons over 60 years of age
and to this day has no known therapy. Patients suffering from HFpEF and its precursor
conditions have a very poor prognosis and there is no redress of this in sight as there have
been a series of negative clinical trials and very few large NIH funded studies around the
country focused on this disease.

[0004] The current management of HFpEF and its precursor conditions is based on
therapies known to alleviate symptoms via diuresis and reduce the workload on the heart.
These therapies have been mostly tested on the other variant of heart failure (i.e., systolic
heart failure, also known as HF with reduced EF) and at best only decrease the symptoms of
HFpEF but do not treat the underlying cause as there are no known drug therapies that
improve the diastolic function of the heart (though there are many that improve the systolic
function). Options for treating patients suffering from HFpEF and its precursor conditions
are needed.

[0005] The transient receptor potential (TRP) family of ion channels has been studied

for many years in the nephrology and neurology literature. Several TRPs have also been
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found to be important mediators of vascular tone (TRPC1, TRPVc6 and TRPM4), cerebral
blood flow (TRPM4), neointimal hyperplasia (TRPCI1), and pulmonary hypertension
(TRPC6). But until recently, only a few of the channels (such as TRPC3/6/7 in the
development of cardiac hypertrophy in response to pressure overload) in this family have
been found to have direct cardiac effects. With regards to the transient receptor potential
vanilloid (TRPV) family, there are very interesting studies that have found a direct cardiac
effect. First, it was observed that cardiac specific overexpression of TRPV2 resulted in
chamber dilation of all cavities of the murine heart. Subsequently, it was observed that
TRPV1 knockout mice have increased infarct size and decreased survival after ligation of the
left anterior descending artery in comparison to their wild type littermates. Interestingly,
others have observed that TRPV1 activation with specific agonists results in protection
against ischemia/reperfusion (I/R) injury.

[0006] Probenecid has recently been identified as being a selective agonist of TRPV2.
Probenecid is a highly lipid soluble benzoic acid derivative with an excellent safety profile
that was developed in the 1950's to decrease the renal tubular excretion of penicillin; and has
been used to increase the serum concentration of several antibiotics and antivirals since. It
was also found to be a competitive inhibitor of active transport process in the brain, liver and
cye and was studied in these fields but a clinical use was not established outside of its renal
effects.

[0007] During the initial studies using probenecid (referred to as Benemid),
probenecid was observed to have a strong uricosuric effect and quickly became the standard
of treatment of gout. It was found to decrease uric acid levels in the serum via inhibition of
organic acid reabsorption, such as uric acid, by the renal proximal tube by acting as a
competitive inhibitor of the organic anion transporter (OAT) and thus preventing OAT-
mediated reuptake of uric acid from the urine to the serum. Even though probenecid has a
minimal adverse effect profile, its clinical use has declined significantly as other therapies for
gout have shown improved efficacy.

SUMMARY

[0008] While the invention will be described in connection with certain embodiments,
it will be understood that the invention is not limited to these embodiments. On the contrary,
the invention includes all alternatives, modifications and equivalents as may be included

within the spirit and scope of the present invention.



WO 2014/160153 PCT/US2014/025930

[0009] An aspect of the present invention is directed to a method of treating diastolic
cardiac dysfunction including heart failure with preserved ejection fraction (HFpEF) and its
precursors (e.g. diastolic dysfunction, left ventricular hypertrophy with impaired left
ventricular relaxation, and infiltrative cardiomyopathy with impaired left ventricular
relaxation), in a subject that includes administering an amount of a Transient Receptor
Potential Vanilloid 2 ("TRPV2") agonist effective to treat the diastolic cardiac dysfunction or
a symptom of the diastolic cardiac dysfunction. The TRPV agonist may be administered by
at least one of an injection, an oral administration, or a transdermal administration. Preferred
TRPV agonists include pharmaceutical preparations of probenecid, 2-aminoethoxydiphenyl
borate (2APB), cannabinol, cannabidiol, and combinations thercof. In one embodiment of
the invention, the TRPV agonist is administered in a range of about 1 mg/kg/day to about 100
mg/kg/day. When administered by injection, the TRPV agonist may be administered in at
least one of a bolus injection or continuous intravenous infusion, or a bolus (loading dose)
followed by intravenous infusion. In an embodiment, probenecid is administered over a
period of about 8 hours to about 24 hours. Probenecid may be used for short term treatments,
i.e., less than a weck, or it may be administered in a long term manner, i.c., over a period of
weeks, months, or even years. Probenecid may be administered in an amount sufficient to
improve cardiac function clinically, resulting in an improvement in the cardiac dysfunction
such as can be determined with a quantifiable clinical observations based on, for example, a
standardized 6 minute walk test, improved New York Heart Association (NYHA)
classification, lower diuretic dose requirement, lower serum BNP levels, normalization of
serum sodium concentrations, and combinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying figures, which are incorporated in and constitute a part of
this specification, illustrate exemplary embodiments of the invention and, together with a
general description of the invention given above, and the detailed description given below,
serve to explain the principles of the invention.

[0011] FIG. 1A is a graph depicting the baseline left ventricular contractile function
in wild type and TRPV2 knockout mice.

[0012] FIG. 1B is a graph depicting the baseline left ventricular contractile function
in wild type and TRPV2 knockout mice.

[0013] FIG. 1C is a graph depicting rates of relaxation in wild type and TRPV2

knockout mice.
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[0014] FIG. 2A is a graph demonstrating the dose response effect of probenecid on
developed force in precontracted denuded blood vessels from wild type and TRPV2 knockout
mice.

[0015] FIG. 2B is a graph demonstrating the dose response effect of probenecid on
the percent relaxation in precontracted denuded blood vessels from wild type and TRPV2
knockout mice.

[0016] FIG. 2C is a graph demonstrating the dose response effect of probenecid on
developed force in precontracted blood vessels from wild type and TRPV2 knockout mice.
[0017] FIG. 2D is a graph demonstrating the dose response effect of probenecid on
the percent relaxation in precontracted blood vessels from wild type and TRPV2 knockout
mice.

[0018] FIG. 3A is a graph depicting the percent fractional shortening in isolated
cardiomyocytes from wild type and TRPV?2 knockout mice.

[0019] FIG. 3B is a graph depicting the rate of contraction in isolated cardiomyocytes
from wild type and TRPV2 knockout mice.

[0020] FIG. 3C is a graph depicting the rate of relaxation in isolated cardiomyocytes
from wild type and TRPV2 knockout mice.

[0021] FIG. 3D is a pair of representative tracings from wild type and TRPV2
knockout mice.

DETAILED DESCRIPTION

[0022] An aspect of the invention is directed to novel methods of treating heart failure
with preserved ejection fraction (HFpEF) (previously known as diastolic heart failure), and
precursors of HFpEF including diastolic dysfunction, left ventricular hypertrophy with
impaired left ventricular relaxation, and infiltrative cardiomyopathy with impaired left
ventricular relaxation, collectively referred to herein as "diastolic cardiac dysfunction,” in a
subject with a TRPV2 receptor agonist. Probenecid has recently been identified as an agonist
of the transient receptor potential vanilloid 2 (TRPV2) ion channel. TRPV2 is a weakly
calcium-selective cation channel that is activated by swelling of cells and heat, in addition to
specific agonists, like probenecid, 2-aminoethoxydiphenyl borate (2APB), cannabinol, and
cannabidiol. As described herein, TRPV?2 receptors located in cardiac muscle can improve
cardiac relaxation. Without being held to any particular theory, agonists of TRPV2 receptors
improve calcium handling in cardiac cells by improving the removal of calcium from the

cytoplasm into the sarcoplasmic reticulum.
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[0023] When treating diastolic cardiac dysfunction or the symptoms of diastolic
cardiac dysfunction, the therapeutically effective dose of a TRPV2 receptor agonist is a dose
that achieves levels of the TRPV?2 receptor agonist and its active metabolites in the plasma to
increase cardiac relaxation and diastolic function of the heart sufficient to alleviate at least
some symptoms of cardiac dysfunction. For example, the TRPV2 receptor agonist may be
administered in an amount sufficient to improve diastolic cardiac function clinically, resulting
in an improvement in the diastolic cardiac dysfunction such as can be determined with a
quantifiable clinical observations based on, for example, a standardized 6 minute walk test,
improved New York Heart Association (NYHA) classification, lower diuretic dose
requirement, lower serum BNP levels, normalization of serum sodium concentrations, and
combinations thereof. The improvement can be determined, for example, based on a
comparison between observations made before and after the implementation of therapy.
[0024] An aspect of the invention is directed to a method of treating diastolic cardiac
dysfunction or the symptoms of diastolic cardiac dysfunction in a subject comprising
administering a therapeutically effective amount of a TRPV2 receptor agonist, such as
pharmaceutically acceptable formulations of probenecid, 2-aminoethoxydiphenyl borate
(2APB), cannabinol, cannabidiol, and combinations thercof, to treat the symptoms of the
cardiac dysfunction such as by improving the cardiac relaxation and diastolic function. The
TRPV2 receptor agonist can be administered in any form that results in a plasma level of the
agonist at a level sufficient to therapeutically improve cardiac relaxation and diastolic
function.

[0025] An aspect of the invention is directed to a method of treating diastolic cardiac
dysfunction or the symptoms of diastolic cardiac dysfunction in a subject comprising
administering via injection a therapeutically effective amount of TRPV2 receptor agonist. In
one embodiment, the injection is an intravenous administration. The dose required to
adequately improve cardiac function by improving cardiac relaxation and diastolic function
in a given patient may vary widely due to titration required by the effectiveness of treatment
and the rate of clearance. Thus, in one embodiment, TRPV?2 receptor agonist is administered
in a range from about 1 mg/kg/day to about 100 mg/kg/day. The term day is understood to be
a 24 hour cycle. In another embodiment, the extended release formulation includes a total
dose of TRPV2 receptor agonist in a range from about 1 mg/kg/day to about 50 mg/kg/day.
In an embodiment, the therapeutically effective amount of TRPV2 receptor agonist is in a
range from about 1 mg/kg/day to about 20 mg/kg/day. In another embodiment, the

therapeutically effective amount of TRPV2 receptor agonist is in a range from about 5
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mg/kg/day to about 50 mg/kg/day. In another embodiment, the therapeutically effective
amount of TRPV2 receptor agonist has a dosage in the range of about 10 mg/kg/day to about
100 mg/kg/day. In another embodiment, the therapeutically effective amount of TRPV2
receptor agonist has a dosage in the range of about 50 mg/kg/day to about 100 mg/kg/day.
[0026] The injection of the therapeutically effective amount of TRPV2 receptor
agonist may be administered in a bolus injection, by continuous infusion, or a combination of
bolus injection and continuous infusion. The term bolus injection is understood to be an
injection wherein the dose is delivered over a relatively short period of time. The term
continuous infusion is understood to be an injection delivered, such as with an intravenous
drip, wherein the dose is delivered in a metered manner over the period of time desired for
TRPV2 receptor agonist therapy. In an embodiment, the TRPV2 receptor agonist is
administered via continuous infusion over a period of time ranging between about 30 min/day
to about 24 hours/day. In another embodiment, therapeutically effective amount of TRPV2
receptor agonist is administered over a period of about 8 hours/day to about 24 hours/day. In
some circumstances, TRPV2 receptor agonist is administered via continuous infusion on at
least one day and up to on seven days. In other circumstances, TRPV2 receptor agonist may
be administered for even longer periods of times, such as on days over multiple weeks,
months, or even years, as necessary to treat the subject. Thus, embodiments of the invention
are directed to the long term administration of TRPV2 receptor agonist to treat diastolic
cardiac dysfunction and the symptoms of cardiac dysfunction.

[0027] In some instances a combination of bolus injection with continuous infusion
may be desired to a treat a subject. For example, a bolus injection may be utilized to deliver
a loading dose, i.c., a dose of TRPV2 receptor agonist to rapidly achieve a desired therapeutic
level of TRPV?2 receptor agonist in the subject, and the continuous infusion may be utilized to
maintain or even titrate the desired therapeutic levels over the desired duration of treatment.
For example, a subject in acute distress such as from decompensated HFpEF may require
immediate treatment with a bolus intravenous injection of TRPV?2 receptor agonist. After the
initial bolus injection the subject may then require maintenance administration or titration of
TRPV2 receptor agonist such as via continuous infusion for a period of time thereafter. In
the alternative, maintenance administration of TRPV2 receptor agonist may be accomplished
with subsequent bolus injections. The continuous infusion of TRPV2 receptor agonist is also
useful in treating subjects with compensated HFpEF or the other forms of cardiac

dysfunction.
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[0028] Another aspect of the invention is directed to a method of treating the diastolic
cardiac dysfunction or the symptoms of diastolic cardiac dysfunction in a subject that
includes administering via oral administration of a therapeutically effective dose of TRPV2
receptor agonist to improve cardiac relaxation and diastolic function. In an embodiment, the
therapeutically effective amount of TRPV2 receptor agonist is in a range from about 1
mg/kg/day to about 25 mg/kg/day. In another embodiment, the therapeutically effective
amount of TRPV2 receptor agonist has a dosage in the range of about 5 mg/kg/day to about
25 mg/kg/day. In another embodiment, the therapeutically effective amount of TRPV2
receptor agonist has a dosage in the range of about 5 mg/kg/day to about 20 mg/kg/day. In
another embodiment, the therapeutically effective amount of TRPV2 receptor agonist has a
dosage in the range of about 5 mg/kg/day to about 15 mg/kg/day. This oral dose of TRPV?2
receptor agonist may be administered in a single dose or multiple doses in a 24 hour period
and may generally be administered for a period of days, weeks, months, or even years. In an
embodiment, TRPV2 receptor agonist is orally administered to a subject over a period of at
least two weeks, and in alternative embodiments, TRPV2 receptor agonist is administered for
a plurality of months or a year or more. Thus, embodiments of the invention are directed to
the long term administration of TRPV2 receptor agonist to treat diastolic cardiac dysfunction
and the symptoms of diastolic cardiac dysfunction.

[0029] Another aspect of the invention is directed to a method of treating diastolic
cardiac dysfunction or the symptoms of diastolic cardiac dysfunction in a subject that
includes administering an extended release formulation of TRPV2 receptor agonist that
maintains a therapeutic blood plasma concentration of TRPV2 receptor agonist and its active
metabolites for a duration ranging between about 18 hours/day and about 24 hours/day. The
extended release formulation may be an oral formulation, an injected formulation or even a
transdermal formulation. In an embodiment, the extended release formulation includes a total
dose of TRPV?2 receptor agonist to improve diastolic cardiac function clinically, resulting in
an improvement in the diastolic cardiac dysfunction such as can be determined with a
quantifiable clinical observations based on, for example, a standardized 6 minute walk test,
improved New York Heart Association (NYHA) classification, lower diuretic dose
requirement, lower serum BNP levels, normalization of serum sodium concentrations, and
combinations thereof. TRPV2 receptor agonist dosing may require titration to achieve and
maintain the desired effect of improving cardiac relaxation and diastolic function. The
improvement can be determined, for example, based on a comparison between observations

made before and after the implementation of therapy. Thus, the dose required to adequately
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improve cardiac function may vary widely for a given subject as treatment progresses as well
as between subjects. Thus, in one embodiment, TRPV2 receptor agonist is administered in a
range from about 1 mg/kg/day to about 100 mg/kg/day. The term day is understood to be a
24 hour cycle. In another embodiment, the extended release formulation includes a total dose
of TRPV2 receptor agonist in a range from about 1 mg/kg/day to about 50 mg/kg/day. In an
alternative embodiment, the extended release formulation includes a total dose of TRPV2
receptor agonist in a range from about 1 mg/kg/day to about 25 mg/kg/day. In an
embodiment, the therapeutically effective amount of TRPV2 receptor agonist is in a range
from about 1 mg/kg/day to about 20 mg/kg/day. In another embodiment, the therapeutically
cffective amount of TRPV2 receptor agonist is in a range from about 5 mg/kg/day to about 50
mg/kg/day. In another embodiment, the therapeutically effective amount of TRPV?2 receptor
agonist has a dosage in the range of about 10 mg/kg/day to about 100 mg/kg/day. In another
embodiment, the therapeutically effective amount of TRPV2 receptor agonist has a dosage in
the range of about 50 mg/kg/day to about 100 mg/kg/day. In an embodiment, TRPV2
receptor agonist is orally administered to a subject over a period of at least two weeks, and in
alternative embodiments, TRPV2 receptor agonist is administered for a plurality of months or
a year or more. Thus, embodiments of the invention are directed to the long term
administration of TRPV2 receptor agonist to treat cardiac dysfunction and the symptoms of
cardiac dysfunction.

[0030] Another aspect of the invention is directed to a method of treating diastolic
cardiac dysfunction or the symptoms of diastolic cardiac dysfunction in a subject comprising
administering via transdermal administration, such as with a gel or patch, a therapeutically
effective amount of TRPV2 receptor agonist to improve cardiac relaxation and diastolic
function. In an embodiment, the transdermal formulation maintains a therapeutic blood
plasma concentration of TRPV2 receptor agonist and its active metabolites for a duration
ranging between about 18 hours/day and about 24 hours/day. In an embodiment, the
transdermal formulation includes a total dose of TRPV2 receptor agonist to improve diastolic
cardiac function clinically, resulting in an improvement in the diastolic cardiac dysfunction
such as can be determined with a quantifiable clinical observations based on, for example, a
standardized 6 minute walk test, improved New York Heart Association (NYHA)
classification, lower diuretic dose requirement, lower serum BNP levels, normalization of
serum sodium concentrations, and combinations thereof. The improvement can be
determined, for example, based on a comparison between observations made before and after

the implementation of therapy.
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[0031] TRPV2 receptor agonist dosing may require titration to achieve and maintain
the desired effect of improving cardiac relaxation and diastolic function. Thus, the dose
required to adequately improve diastolic cardiac function administered transdermally may
vary widely for a given subject as treatment progresses as well as between subjects. Thus, in
one embodiment, TRPV2 receptor agonist is administered in a range from about 1 mg/kg/day
to about 100 mg/kg/day. The term day is understood to be a 24 hour cycle. In another
embodiment, the extended release formulation includes a total dose of TRPV2 receptor
agonist in a range from about 1 mgkg/day to about 50 mg/kg/day. In an alternative
embodiment, the extended release formulation includes a total dose of TRPV2 receptor
agonist in a range from about 1 mg/kg/day to about 25 mg/kg/day. In an embodiment, the
therapeutically effective amount of TRPV2 receptor agonist is in a range from about 1
mg/kg/day to about 20 mg/kg/day. In another embodiment, the therapeutically effective
amount of TRPV2 receptor agonist is in a range from about 5 mg/kg/day to about 50
mg/kg/day. In another embodiment, the therapeutically effective amount of TRPV?2 receptor
agonist has a dosage in the range of about 10 mg/kg/day to about 100 mg/kg/day. In another
embodiment, the therapeutically effective amount of TRPV2 receptor agonist has a dosage in
the range of about 50 mg/kg/day to about 100 mg/kg/day. In an embodiment, TRPV2
receptor agonist is transdermally administered to a subject over a period of at least a week,
and in alternative embodiments, TRPV2 receptor agonist is administered for a plurality of
months or a year or more. Thus, embodiments of the invention are directed to the long term
administration of TRPV2 receptor agonist to treat diastolic cardiac dysfunction and the
symptoms of diastolic cardiac dysfunction.

[0032] Achievement of a therapeutic blood plasma concentration may be evaluated by
quantifying the clinical improvement in cardiac function of a subject such as with a
standardized 6 minute walk test, improved New York Heart Association (NYHA)
classification, lower diuretic dose requirement, lower serum BNP levels, normalization of
serum sodium concentrations, and combinations thercof. The improvement and determined,
for example, can be determined based on a comparison between observation made before and
after implementation of therapy. For example, lowering the NYHA classification by 1, such
as from 4 to 3, or increasing the distance walked in the 6 minute walk test are both indicative
of quantifiable improvement. Alternatively, levels of TRPV2 receptor agonist and its
metabolites may be measured in the blood of a subject. While the extended release and the
transdermal formulations may be used to rescue a subject suffering from decompensated

HFpEF, these formulations are particularly useful for maintenance and titration of TRPV2
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receptor agonist for subjects suffering from diastolic cardiac dysfunction and the symptoms
of diastolic cardiac dysfunction.

[0033] The dosing and routes of administration of TRPV2 receptor agonist may be
combined to result in the optimal treatment of the subject. For example, TRPV2 receptor
agonist may be administered as bolus therapy with a dose of 1/mg/kg up to 50 mg/kg in
acutely ill subject with diastolic cardiac dysfunction HPpEF If this treatment is sufficient to
improve symptoms then the physician may chose to initiate a continuous infusion at a rate of
I mg/kg/hr and up to 100 mg/kg/hr with titration as needed based on each individual
scenario. Furthermore, some patients may require transition to parenteral TRPV2 receptor
agonist which may be administered via gel form or scored capsules with a range of 200
mg/daily and up to 4 gr/daily.

[0034] TRPV2 receptor agonist, as used herein, includes, but is not limited to,
pharmaceutically acceptable forms of TRPV2 receptor agonists, such as a pharmaceutically
acceptable salt or solvate. Exemplary TRPV2 receptor agonists include probenecid, Z-APB,
cannabinal, and cannabidial. The preferred TRPV2 agonist is probenecid. The compositions
of TRPV2 receptor agonist can be administered in vivo in a pharmaceutically acceptable
carrier. By "pharmaceutically acceptable” is meant a material that is not biologically or
otherwise undesirable. Thus, the compositions may be administered to a subject, without
causing undesirable biological effects or interacting in a deleterious manner with any of the
other components of the pharmaceutical composition in which it is contained. The carrier
would naturally be selected to minimize any degradation of the TRPV2 receptor agonist and
to minimize any adverse side effects in the subject, as would be known to one of skill in the
art.

[0035] Suitable carriers and their formulations are described in Remington: The
Science and Practice of Pharmacy (19th ed.) ed. A. R. Gennaro, Mack Publishing Company,
Easton, Pa. 1995. For intravenous administration, an appropriate amount of a
pharmaceutically-acceptable salt is used in the formulation to render the formulation isotonic.
Examples of the pharmaceutically-acceptable carriers include, but are not limited to, saline,
Ringer's solution and dextrose solution. The pH of the solution is in a pharmaceutically
acceptable range, preferably from about 5 to about 8.5, and more preferably from about 7.8 to
about 8.2. Further carriers include sustained release preparations such as semipermeable
matrices of solid hydrophobic polymers containing the pharmaceutical composition, which
matrices are in the form of shaped articles, e.g., films, liposomes or microparticles. It will be

apparent to those persons skilled in the art that certain carriers may be more preferable
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depending upon, for instance, the route of administration and concentration of composition
being administered. For example, persons skilled in the art may choose a particular carrier
suitable for introduction to the body by injection, as described above, or ingestion.

[0036] In one embodiment, an injectable formulation of TRPV2 receptor agonist is
prepared by dissolving the TRPV2 receptor agonist powder (acid form) , such as probenecid,
in 0.1 molar sodium hydroxide. This solution is then diluted with 0.2M phosphate buffer
(pH=7.4). The TRPV2 receptor agonist is then diluted with saline or other carrier suitable for
intravenous injection to a stock concentration, such as about 4.2 mg/ml for probenacid,, to
form a stock solution. The stock solution may then be diluted in saline or other injectable
solution to the desired dose for administration.

[0037] For ingestion, TRPV2 receptor agonist may be formed into a tablet,
capsulized, or dissolved or suspended in a liquid or gel as known to those of ordinary skill in
the art for oral administration of a drug. In some embodiments, TRPV2 receptor agonist is
formulated for sustained release, such as with the use of one or more excipients that control
the release of TRPV2 receptor agonist over a specified period of time for absorption by the
subject.

[0038] The pharmaceutical compositions of TRPV2 receptor agonist may also include
binders, thickeners, diluents, buffers, preservatives, surface active agents, and the like in
addition to the TRPV2 receptor agonist and carriers.

[0039] The disclosed compositions may be suitable for systemic administration. For
example the compositions may be administered by other means known in the art, such as
orally, parenterally (c.g., intravenous injection, intramuscular injection, intraperitoneal
injection, or subcutaneous injection), suppository, or even transdermally such as through a
gel or patch formulation. Such formulations may be prepared as described above or as is
known to those of ordinary skill in the art.

[0040] Example

[0041] The role of TRPV2 in cardiac relaxation was evaluated in rodents using the
TRPV2 receptor agonist, probenecid. Probenecid resulted in improved cardiac relaxation and
improved diastolic function suggesting that TRPV2 receptor agonists may be useful in the
treatment of diastolic cardiac dysfunctions such HfpEF and its precursor conditions.

[0042] Methods

[0043] Animals. All animal procedures were performed with the approval of the
Institutional Animal Care and Use Committee (IACUC) of the University of Cincinnati and
in accordance with the Guide for the Care and Use of Laboratory Animals (NIH, revised
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1996). All wild type (WT) mice (B6129SF2/J F2 and C57BL6J, Jackson laboratories) and
TRPV2" mice (breeding pairs provided by Dr. M. Caterina, John’s Hopkins, Baltimore, MD)
were males at 12-16 weeks of age (REF). Prior to experiments, mice were maintained on
normal rodent chow and water ad libitum, and on a 14hr/10hr light/dark cycle (6AM to
8PM).

[0044] Solutions and doses. Water soluble probenecid (Molecular Probes, Life
Technologies, Eugene, Oregon) was used for all of the myocyte experiments.

[0045] Echocardiography. All echocardiographic studies were performed with a
Vevo 2100 Ultrasound system (Visualsonics, Toronto CA) with an MS400 probe (30 MHz
centerline frequency) and were post-processed at a separate workstation with Vevostrain
software (Visualsonic,Vevo2100, v1.1.1 B1455). Images were obtained from a parasternal
long axis (PSLAX) and short axis (SAX) views at between 2 and 10 mm in depth in both M-
mode and B-mode. From the M-mode images, left ventricular cavity size and wall thickness
was measured and the ejection fraction (EF), fractional shortening (FS), stroke volume (SV)
and cardiac output (CO) calculations were obtained as previously described (REF). Mice
were anesthetized with inhaled isoflurane (1.5-2%).

[0046] Cardiovascular  function in vivo. Measurements of left ventricular
performance and regional blood flow were performed in separate groups of WT and TRPV2™"
mice as previously described {Lorenz, 2008 #1}. Briefly, mice were anesthetized with an
intraperitoneal injection of ketamine (50 pg/gBW) and inactin (thiobutabarbital, 100
ng/eBW, Sigma, MA). A tracheotomy was performed (PE-90), and body temperature was
monitored and maintained with a feedback-controlled heating table. The right femoral artery
was cannulated with fluid-filled polyethylene tubing for measurement of blood pressure and
connected to a low compliance pressure transducer (COBE Cardiovascular, Arvada, CO).
The right femoral vein was cannulated for delivery of drugs. A high fidelity, 1.2F Scisense
pressure catheter(Scisense, London, ON, Canada) was inserted into the right carotid artery
and advanced into the left ventricle to monitor cardiac performance. ECG leads were placed
on the right and left arms, and left leg and connected to a BIOAmp (ADInstruments,
Colorado Springs, CO). For carotid blood flow measurements, the left carotid artery was
isolated and fitted with a 0.5-PSB perivascular flow probe connected to a TS420 flow meter
(Transonic Systems, Ithaca, NY). Pressure, flow, and ECG signals were recorded and
analyzed using a PowerLab system (ADInstruments). Hemodynamic measurements were
taken at the basal state and after the administration of 30 and 100 pg/g doses of probenecid
i.v., with 5 minutes between each dose (100ug/ul delivered as 0.3 and 1.0 ul/gBW bolus).
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Measurements were taken from the final 30-40 seconds of each dosage period. Maximum
dP/dt (dP/dty.x) and dP/dt at 40 mmHg of developed pressure (dP/dtyo) were calculated from
the first derivative of the pressure waveforms. Cerebral vascular resistance (CVR) was
calculated from recorded channels of mean arterial pressure and mean cerebral blood flow
(CVR=MAP/CBF).

[0047] Isolated cardiomyocytes.Cardiac myocytes were isolated according to routine
techniques. Briefly, adult mice were anesthetized with sodium pentobarbital (50 mg/kg);
hearts were excised and perfused on a Langendorff apparatus with oxygenated solution
containing 0.65 units/ml Liberase TH (Roche, Indianapolis, IN), at 37 °C. Following
digestion the left ventricular tissue was excised, minced, pipette-dissociated, and filtered
through a 240-pum screen. The cell suspension was then sequentially washed in 25, 100, 200
um and 1 mM Ca-Tyrode and resuspended in 1.8 mM Ca-Tyrode for further analysis. All
experiments were carried out at room temperature (22-25 °C) in standard Tyrode solution
containing (mM): 140 NaCl, 5 KCl, 1 MgCl2, 10 glucose, 10 HEPES, 1.8 CaCl2 and pH 7.4
adjusted with NaOH.

[0048] Cell shortening and intracellular calcium measurements ([Caj i ).Cells were
paced with a stimulation frequency of 0.5 Hz using a pair of platinum electrodes that
delivered voltage pulses generated by a Grass stimulator (model S88, Grass, West Warwick,
RI, USA). Cell contractions were measured using a video edge detector (Crescent Electronics
model VED-105, UT, USA) and the signal was digitized and recorded on a computer. For
Ca’" signal measurements, cells were loaded with the membrane-permeable form of the
fluorescent Ca’" indicator Fura-2 (Fura-2 /AM; 2 uM) and alternately excited at 340 and 380
nm by a Delta Scan dual-beam spectrophotofluorometer (Photon Technology International) at
baseline conditions and upon rapid application of 10 mM caffeine. Ca>" -transients were
expressed as the 340/380 nm ratio of the resulting 510 nm emissions. SR Ca’" load was
measured upon rapid application of 10 mM caffeine. Data were analyzed by Felix software
(Photon Technology International).

[0049] Vascular smooth muscle reactivity in isolated aorta. Analyses of contractile
properties of vascular smooth muscle were performed in both intact (+E) and endothelium-
denuded (-E) thoracic aortae using a DMT myograph (Danish Myo technology, Marietta
GA). Aortae were dissected and in some, the endothelium removed mechanically by gently
rubbing the endothelial surface with a 30 gauge needle. Rings were mounted on DMT Multi-
Wire Myograph System using 190 um stainless steel pins. The bath solution contained (in
mmol/L) NaCl 118, KCI1 4.73, MgCl, 1.2, EDTA 0.026, KH,PO4 1.2, CaCl, 2.5, and glucose
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5.5, buffered with 25 NaH,COs; pH, when bubbled with 95%0,/5% CO,, was 7.4 at 37°C.
Data were collected and analyzed using a PowerLab system (ADInstruments). Resting length
of ecach aorta was set to 90% of the estimated circumference at an estimated transmural
pressure of 100 mmHg using the AD Instruments DMT normalization module. Before the
start of the experiment, each aortic segment was challenged with 100 mMKCI and 10 uM
phenylephrine to ensure reproducible forces. Cumulative concentration-force relationships
for increasing doses of probenecid, from 107 M to 10> M, were first tested in order to
examine whether probenecid can induce contraction. In separate experiments to examine the
relaxing effects of probenecid, vessel rings were first contracted with 3uM phenylephrine,
and then exposed to increasing concentrations of probenecid from 107 M to 10”.Maximal
force of contraction for 3uM phenylephrine and the ECsofor the relaxing effects of
probenecid were determined using a logistic non-linear curve-fitting routine (OriginLab,
Northampton MA).

[0050] Data Analysis. Statistical analysis was performed by analysis of variance
(ANOVA) using either a single factor within-subjects design, or a two- or three-factor mixed
design with repeated measures as appropriate. Individual contrasts were used to compare
group effects and interactions when needed, and the Tukey post-hoc test was used to compare
individual means where appropriate (SigmaStat v3.5, Point Richmond, CA). Data are
presented as means £ S.E.M., and differences were regarded as significant at P<0.05.

[0051] Results

[0052] In vivo response to probenecid in wild type and TRPV2™ mice.

[0053] Invasive cardiac hemodynamics. Using the intact anesthetized mouse model,
the cardiac and vascular effects of increasing doses of probenecid were examined by
measuring LV pressure development and carotid artery blood flow, simultaneously. As
shown in FIGS. 1A and 1B, cardiac contractile performance was significantly lower in
TRPV2" mice compared to WT, at both bascline and during infusion of probenecid.
Invasive measurements of cardiac function demonstrate that TRPV?2 abrogration (TRPV2-/-)
has decreased systolic function at baseline as evidenced by (FIG. 1A) decreased maximum
developed pressure/time (dP/dtg.x) and (FIG. 1B) at 40 mmHg of developed pressure
(dP/dt4o) with a trend towards decreased diastolic function as noted with (FIG. 1C) negative
developed pressure/time (dP/dty,). Importantly, administration of probenecid resulted in a
robust stimulation of contractile function in WT mice, and this effect was markedly

attenuated in the TRPV2' mice. The observed effects of probenecid on LV dP/dt were
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generally maximal within one minute of bolus administration, and were stable for at least 5
minutes (at the time of reported measurement). A similar pattern of responses was observed
for dP/dt min, as an index for diastolic function (FIG. 1C).

[0054] Ex vivo function in vascular smooth muscle. Ex vivo function in vascular
smooth muscle was examined. Initial studies in isolated aortac were performed to examine
whether there were any vasoconstrictor effects of probenecid over the relevant concentration
range, and no evidence was found of increased force production, with or without intact
endothelium, even at concentrations as high 10 mM (data not shown). Next, the relaxing
effects of increasing concentrations of probenecid was examined after pre-contracting the
vessels segments with 3 mM phenylephrine, and results are shown in FIGS. 2A-2D. In
endothelium-denuded vessels (-E, FIGS. 2A and 2B), there were no differences in maximal
developed tension in response to phenylephrine between wild type (n=8) and TRPV2™" (n=8)
mice (5.99 =+ 0.74 vs 6.07 £ 0.55 mN). In response to increasing concentrations of
probenecid in these pre-contracted vessels, there was no significant dilatory response until a
concentration of 1 mM, and at 10 mM, developed tension was reduced to about 25% of
maximum in both groups of mice (FIG. 2B). There were no differences in the concentration-
response characteristics between wild type and TRPV2”" mice without endothelium (ECso:
4.56 £ 0.34 vs 4.59 = 0.52 mM respectively).

[0055] In wild type and TRPV2 "vessels with intact endothelium (+E, FIG. 2C and
2D), maximal developed tension in response to phenylephrine was substantially less than in
—E vessels, but was not different between the two genotypes (1.45 £ 0.12 vs 1.75 + 0.25 mN
in WT and TRPV2 ", respectively). Vessels with intact endothelium were somewhat more
sensitive to probenecid than —E vessels, but again there were no differences in the
concentration-response characteristics between the two genotypes (ECsg: 0.67 &+ 0.21 vs 0.52
+ 0.11 mM respectively, FIG. 2D). The increased responsiveness of +E vessels to probenecid
suggests some participation of the endothelium in the dilatory response to probenecid, but
through a TRPV2-independent mechanism

[0056] Isolated cardiomyocyte function. In order to further examine the mechanisms
associated with decreased contractility in TRPV2-- mice in vivo, we evaluated the mechanical
properties in isolated cardiomyocytes, representing a load-independent system. Compared to
WT, TRPV2.- myocytes had significantly reduced fractional shortening (FS, P<0.001, FIG.
3A), shortening rate (+dL/dt, P<0.001, FIG. 3B) and relengthening rate (-dL/dt, P<0.001,
FIG. 3C). FIG. 3D is a representative tracing of cell lengths in the wild type (WT) and
knockout (KO) mice.
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[0057] Discussion

[0058] Regarding the mechanism of action of TRPV2, probenecid therapy had
previously been shown, putatively through TRPV2 stimulation, to result in increases
cytosolic Ca*" concentrations and increased Ca’" sparks in isolated WT cardiomyocytes. It
was also previously demonstrated that TRPV2 overexpression, previously known as growth
factor-regulated channel (GRC), in the heart results in cardiomyopathy due to Ca*"
overloading. This finding was extrapolated by investigators to suggest that TRPV2 is a "key
player" in the myocyte degeneration even though total cell receptor concentration is not
different between normal and dystrophic muscles. Hence, it can be argued that under
physiologic conditions TRPV2 plays a minor, though clinically relevant and easily
measurable role in myocyte relaxation through minor changes in Ca’" transients, though
under experimental conditions of marked overexpression the influx of Ca®" is significantly
higher and hence associated with the development of cardiomyopathy.

[0059] Regarding the role that TRPV2 plays in the vascular tone, no vascular
phenotype is associated with TRPV2 abrogation and at low and high doses, there is no
significant vasoactive effect of probenecid (even in deendothelialized vessels). This
important finding has significant implications for the treatment of HFpEF in humans, as a
safe and positive lusitrope that has a neutral effect on blood pressure can be a potential first
therapy for these patients.

[0060] Probenecid, an FDA approved drug with a very safe clinical profile, also had
inotropic properties that for decades had been overlooked. This effect is secondary to
transient increases in cytosolic Ca®" through sarcoplasmic reticulum (SR) release and not
through the traditional inotropic pathway of B-ADR stimulation. All currently available
positive inotropes used clinically ecither stimulate B receptors directly, or downstream (i.e,
milrinone) and have been found to increase metabolic demand, activate pro-apoptotic
signaling pathways and promote malignant arrhythmias that result in increased mortality.
Furthermore, all but one of these inotropes also stimulate vascular adrenergic receptors
resulting in vasoconstriction and increased afterload which limit their clinical usefulness. The
data herein not only confirm previous findings that probenecid is an inotrope as determined
with invasive measurements, but also describe for the first time that low (30 mg/kg) and high
(100 mg/kg) probenecid doses results in increased lusitropy in WT mice.

[0061] Conclusion
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[0062] TRPV2 may contribute to the SR novel property of probenecid functioning as
a positive lusitrope with neutral vascular effects. These data suggest that TRPV2 agonists can
provide therapeutic options for patients with diastolic cardiac dysfunctions such as HfpEF
and its precursor conditions.

[0063] While the present invention has been illustrated by the description of one or
more embodiments thereof, and while the embodiments have been described in considerable
detail, they are not intended to restrict or in any way limit the scope of the appended claims to
such detail. The various features shown and described herein may be used alone or in any
combination. Additional advantages and modifications will readily appear to those skilled in
the art. The invention in its broader aspects is therefore not limited to the specific details,
representative apparatus and method and illustrative examples shown and described.
Accordingly, departures may be made from such details without departing from the general

inventive concept.
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What is claimed is:

1. A method of treating a diastolic cardiac dysfunction in a subject comprising
administering an amount of a Transient Receptor Potential Vanilloid 2 ("TRPV2") receptor
agonist effective to stimulate TRPV?2 receptors on cardiomyocytes in the subject to increase
the rate of cardiac relaxation to a level sufficient to treat the diastolic cardiac dysfunction
wherein the amount of TRPV2 receptor agonist is administered via at least one of an

injection, oral administration, or a transdermal administration.

2. The method of claim 1 wherein the TRPV2 receptor agonist is selected from the
group consisting of probenecid, 2-aminoethoxydiphenyl borate (2APB), cannabinol,

cannabidiol, and combinations thereof.

3. The method of claim 1 or 2 wherein the diastolic cardiac dysfunction is selected from
the group consisting of heart failure with preserved ejection fraction (HFpEF) or a precursor

of HFpEF.

4. The method of claim 3 wherein the precursor of HFpEF is selected from the group
consisting of diastolic dysfunction, left ventricular hypertrophy with impaired left ventricular

relaxation, and infiltrative cardiomyopathy with impaired left ventricular relaxation.

5. The method of any previous claim wherein the amount of TRPV2 receptor agonist is
sufficient to result in an improved performance on a standardized 6 minute walk test, an
improved New York Heart Association (NYHA) classification, a lower diuretic dose
requirement, a lower serum B-type Natriuretic Peptide (BNP) level, a normalization of serum

sodium concentration, or combinations thereof.

6. The method of any previous claim wherein the injection is an intravenous infusion.

7. The method of any previous claim wherein the injection is at least one of a bolus

injection or continuous intravenous infusion.

8. The method of any previous claim wherein amount of the TRPV2 receptor agonist is

administered in an extended release formulation.
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9. The method of any previous claim wherein the extended release formulation of the
TRPV2 receptor agonist maintains a therapeutic blood plasma concentration of the TRPV2
receptor agonist for a duration ranging between about 18 hours per day and about 24 hours

per day.

10. The method of any previous claim wherein the TRPV?2 receptor agonist is probenecid
and the therapeutically effective amount of probenecid has a dosage in a range of about 1

mg/kg/day to about 100 g/kg/day.

11. The method of any previous claim wherein the TRPV?2 receptor agonist is probenecid
and the therapeutically effective amount of probenecid is administered over a period of about

8 hours per day to about 24 hours per day.

12. The method of any previous claim wherein the subject is treated with the

therapeutically effective amount of the TRPV2 receptor agonist for at least one week.

13. The method of any previous claim wherein the subject is treated with the

therapeutically effective amount of the TRPV2 receptor agonist for at least one month.

14. A method of treating a diastolic cardiac dysfunction in a subject comprising
administering a TRPV2 receptor agonist to the subject in a dosing regimen that maintains a
therapeutic blood plasma concentration of the TRPV2 receptor agonist for a duration of
between about 18 hours per day to about 24 hours per day, wherein the therapeutic blood
plasma concentration is sufficient to stimulate TRPV2 receptors on cardiomyocytes in the
subject to increase the rate of cardiac relaxation to a level sufficient to treat the diastolic

cardiac dysfunction in the subject.
15. The method of claim 14 wherein the TRPV2 receptor agonist is selected from the

group consisting of probenecid, 2-aminoethoxydiphenyl borate (2APB), cannabinol,

cannabidiol, and combinations thercof.
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16. The method of claim 14 or 15 wherein the diastolic cardiac dysfunction is selected
from the group consisting of heart failure with preserved ejection fraction (HFpEF) or a

precursor of HFpEF.

17. The method of claim 16 wherein the precursor of HFpEF is selected from the group
consisting of diastolic dysfunction, left ventricular hypertrophy with impaired left ventricular

relaxation, and infiltrative cardiomyopathy with impaired left ventricular relaxation.

18. The method of one of claims 14 to 17 wherein the amount of the TRPV2
receptor agonist is sufficient to result in an improved performance on a standardized 6 minute
walk test, an improved NYHA classification, a lower diurctic dose requirement, a lower

serum BNP levels, a normalization of serum sodium concentrations, or combinations thercof.

19. The method of one of claims 14 to 18 wherein the dosing regimen includes

intravenous administration of the dose of the TRPV?2 receptor agonist.

20. The method of one of claims 14 to 19 wherein the dosing regimen includes

oral administration of the dose of the TRPV2 receptor agonist.

21. The method of one of claims 14 to 20 wherein the dosing regimen includes

transdermal administration of the dose of the TRPV2 receptor agonist.
22. The method of one of claims 14 to 21 wherein the dosing regimen includes a
combination of at least two of oral administration, intravenous injection, and transdermal

administration of the TRPV?2 receptor agonist.

23. The method of one of claims 14 to 22 wherein the subject is treated with the

therapeutically effective amount of the TRPV2 receptor agonist for at least one week.
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