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Compositions and Methods of Use of Phorbol Esters for the Treatment of Stroke

Related Applications

This application is a United States utility patent application which claims

priority benefit of United States Provisional Patent Application Serial No. 61/588,167,

filed January 18, 2012, which is incorporataed herein in its entirety by reference.

Additional Disclosure

Additional disclosures relating to the instant application mayv be found in
“Compositions And Methods Of Use Of Phorbol Esters™ United States Patent
Application Serial No. 12/023.753, filed January 31, 2008, to Richard .. Chang, et al,

which claims priority benefit of United States Provisional Patent Application Serial No.

60/898.810. filed January 31, 2007. each of which is incorporated herein by reference in

its entirety for all purposes.

Technical Field

The present invention relates generally to the medicinal use of phorbol esters in

the treatment and prevention of stroke and the effects of stroke.

Background
Plants have historically served manyv medicinal purnoses.  The World Health

Organization (WHO) estimates that 4 billion people, 80% of the world’s population,

presently use herbal medicine for some aspect of primary health care. (WHO Fact sheet

Fact sheet N°134. December 2008) However, it can be diflicult to isolate the specific

compound in a plant that has the desired medicinal effect and to reproduce it on a

commercial scale,  Additionally. while the active compound may be isolated from a

plant, the other parts of a plant such as the minerals, vitamins, volatile oils, glyeosides,

alkaloids, bioflavanoids, and other substances mayv also be involved in the functioning

of the active compound or the medicinal effect for which the plant is known, making the

P

use, purification and commercialization of plant based pharmaceutical agents a

challenge.
Phorbol is a natural, plant-derived organic compound of the tieliane family of

diterpenes, Tt was first isolated in 1934 as a hvdrolysis product of croton oil derived

from the seeds of Croton tiglivm, a leaty shrub of the Fuphorbiaceae family that is

native to Southeastern Asia.  Various esters of phorbol have important biological

nroperties including the reported ability to mimic diacvielycerols and activate protein




10

15

20

25

30

kinase C (PKC): and to modulate downstream cell signaling pathways including the

mitogen-activated protein kinase (MAPK) pathways. Phorbol esters are additionally

thoueht to bind to chimaerins, the Ras activator RasGRP, and the vesicle-priming

protein Munc-13 (Brose N. Rosenmund C., JCell Sc¢i:115:4399-411 (2002)). Some

phorbol esters also induce nuclear factor-kappa B (NF-xB). The most notable

physiological proverty of vhorbol esters is their reported capacity to act as tumor

promoters. (Blumberg, 1988: Goel. G ef gl Int, Journal of Toxicology 26, 279-288

(20070,

12-O-tetradecanoviphorbol-13-acetate (TPA). also called phorbol-12-myvristate-

[3-acetate (PMA), is a phorbol ester used in models of carcinogenesis as an inducer for

differentiation and/or apoptosis i multinle cell lines and primary cells, TPA has also

been reported to cause an increase in circulating white blood cells and neutrophils in

patients whose bone marrow function hag been depressed by chemotherapy (Han Z. T,

ef al. Proc. Natl, Acad. Sei, 95, 5363-5365 (1998)), and to inhibit an HIV- induced

cytopathic effect on MT-4 cells, (Mekkawy S, ¢r ol . Phvtochemistry 53, 47-464

(2000)).  However., due to a variety of factors, including caustic reactions when

contacted with the skin and concerns tor its potential toxicity, TPA has not been shown

to be an effective tool for treating, managing, or preventing disease. Indeed, as phorbol

esters plav a key role in activation of protein kinase C. which tiggers various cellular

responses resulting in inflammatory responses and tumor development (Goel ef gl Int,

Jourmal of Toxicology 26, 279-288 (20071, phorbol esters would generally be excluded

from possible treatment candidates for conditions that involve inflammatory reactions

Heart disease and stroke kill some 17 million people a vear, causing almost one-

third of all deaths globallv. Thev are predicted to become the leading cause of both

death and disabilityv worldwide, with the number of fatalities nrojected to increase (o

over 20 million a vear by 2020 and to 24 million a vear by 2030, (Atlas of Heart

Disease and Stroke, World Health Organization 2004).

While there are gver 300 risk Tactors associated with coronary heart disease and

stroke (Atlas of Heart Disease and Stroke, World Health Oreanization 2004), in

developed countries. at least 1/3 of all cardiovascular disease 1s attributable to tobacco

use. alcohol use. high blood pressure, high cholesterol and obesity.,
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Current treatments for the management and prevention of stroke are generally a

combination of medications such as ACE inhibitors, aspirin, beta blockers and lipid

lowering medications; devices such as pacemakers, implantable defibrillators, coronary

stents, prosthetic valves and artificial hearts: and operations such as coronary artery

bypass, balloon angioplasty, valve repair and replacement, heart transplants and

artificial heart operations. “Increasingly, high-technology procedures are chosen over

less expensive, but nevertheless effective | strategies ™ (Atlas of Heart Disease and

Stroke, World Health Organization 2004) adding to the rising costs of health care and

leading to marked disparities in the quality of treatment between different groups of

However, even where advanced technology and facilities are available, 60% of

those who suffer a stroke die or become dependent and each stroke significantly

increases the risk of further episodes. “Worldwide, treatment of cardiovascular diseases

and their risk factors remains inadeguate for most patients.” {Atlas of Heart Disease

and Stroke, World Health Oreanization 2004). There is therefore clearly a need for new

and more effective measures o treat and prevent strokes and to freat or prevent the long

term etfects caused by stroke,

Summary

The present invention relates to compositions containing and methods of using

phorbol esters.  The compositions and methods described herein_are _effective in

preventing and treating stroke and in managing the sequelae of stroke including acute

ischemic events,

Effects of stroke that may be prevented or treated by using the phorbol esters

and derivatives of phorbol esters as described herein include, but are not lmited to,

paralysis, spatial impairment, Impaired_judement. left-sided neglect. memory loss,

aphasia, coordination and balance problems. nausea. vomiting, cognitive impairment,

perception _impairment, orientation impairment,  homonymous hemianopsia _and

mmnulsivity, In some embodiments, the use of phorbol esters and derivatives of phorbol

esters may prevent initial and subsequent strokes from occurring.

Successful treatment will he determined according to conventional methods,

such as a reduction in the severity or sequelae of a stroke, a decrease or elimination of
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the effects of stroke. a decrease in risk factors that predispose an individual to a stroke,

and/or a decrease in the number or severity of strokes including subsequent strokes.

In another embodiment, the phorbol esters and derivatives of phorbol esters as

described herein mav be used to modulate cell signalinge pathwavs.  Such modulation

may have a variety of results, for example., in some embodiments, the use of

compositions containing phorbol esters and derivatives of phorbol esters mayv alter the

release of Thl cviokines in mammalian subiects.  In a further embodiment,

compositions containing phorbol esters and/or phorbol ester derivatives may alter the

release of interleukin 2 (1L-2) in mammalian subiects. In an additional embodiment,

compositions containine phorbol esters and/or phorbol ester derivatives mav alter the

release of interferon in mammalian subjects. In vet another embodiment. compositions

containing phorbol esters and/or vhorbol ester derivatives may alter the rate of ERK

phosphorvlation.

The invention achieves the foregoing and satisfies additional objects and

advantages by providing novel and surprisingly effective methods and compositions for

treating and preventing stroke. modulating cell sienaling pathwavs and/or managing,

3

treating and preventing the sequelae of a stroke using compositions containing a phorbol

ester of Formula L. below:

0]

the alkyl group contains 1 to 15 carbon atoms; — O Clowerakeny)  woherein a lower
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alkenyl group contains between 1 to 7 carbon atoms; O—C-phenyl . ——O——C-benzyl ,

and substituted derivatives thereof. Rs mayv _be independently be hydrogen or

fl . ‘ . »
—C-lower alkyl and substituted derivatives thereof, The methods and compositions of the

present invention further include any pharmaceutical salts, enantiomers, isomer,

polymorphs, prodrugs, hvdrates and solvates of the compositions of Formula L.

In some embodiments. at least one of Ry and R are other than hydrogen and Ry

i
is hvdrogen or —C-lower alkyl and substituted derivatives thereof. In another embodiment,

0

il
either Ry or Ry is —— 9001 G158 the yemaining Ry or Ryis a0~ C-lower akyl

wherein a lower alkyl is between 1 and 7 carbons, and R is hydrogen,

~

The alkyl. alkenyl. phenvl and benzyl grouns of the formulas of Formula 1

herein may be unsubstituted or substituted with halogens, preferably. chlorine, flyorine

or bromine; nitro; amino; and/or similar type radicals.

4
jous
g
o

=

emplary  phorbol _ester composition _as used in the methods and

compositions as described herein is 12-O-tetradecanoviphorbol-13-acetate (TPA) of

Formula I, below:

C13Ha7 CHs

HsC

FORMULA I

Useful phorbol esters of Formula [ and related compounds and derivatives

within the formulations and methods of the invention include, but are not limited to,

other pharmaceutically acceptable active salts of said compounds. as well as active
5
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isomers. enantiomers, polymorphs, glveosylated derivatives, solvates, hydrates, and/or

prodrugs of said compounds, FExemplary forms of phorbol esters for use within the

compositions and methods of the invention include. but are not limited to, phorbol 13-

butvrate; phorbol 12-decanoate; phorbol 13-decanoate; phorbol 12,13-diacetate; phorbol

13,20-diacetate: vhorbol 12 13-dibenzoate; vhorbol 12.13-dibutvrate: phorbol 12.13-

didecancate: vhorbol 12.13-dihexanoate: phorbol 12 13-dipropionate:; vhorbol 12-

myristate: phorbol 13-mvristate: nhorbol [Z-myristate-13-acetate (also known as TPA

or PMA); phorbol 12.13.20-triacetate; 12-deoxyphorbol 13-angelate; 12-deoxyphorbol

13-angelate  20-acetate:  12-deoxvphorbol  13-isobutyrate:  12-deoxvphorbol 13-

isobutyrate-20-acetate;  12-deoxyphorbol 13-phenylacetate;  12-deoxyphorbol 13-

phenylacetate 20-acetate; 12-deoxyphorbol 13-tetradecanoate; phorbol 12-tigliate 13-

decanoate; 12-deoxyphorbol 13-acetate; phorbol 12-acetate; and phorbol 13-acetate,

Mammalian subjects amenable to treatment with phorbol esters of Formula | or

derivatives of a phorbol ester of the Formula I pvarticularly TPA. according to the

methods of the invention include. but are not limited to, individuals who have suffered

or_are at risk for a stroke. Subiects amenable to ftreatment with phorbol esters of

Formula I particularly TPA, additionally include those suffering from the effects of a

stroke including, but not limited to, paralysis, spatial impairment, impaired judgment,

left-sided neglect, memory loss, aphasia, coordination and balance problems, nausea

vomiting, cognitive impairment, perception impairment, orientation impaitment,

homonvmous hemianopsia and impulsivity,

These and other subjects are effectively  treated vrophviactically  and/or

therapeutically, by administering to the subject an effective amount of a phorbol ester of

Formula I or derivatives of a phorbol ester of the Formula I sufficient to modulate NF-

kB activity, increase Thl cytokine activity, prevent or treat paralysis, increase spatial

awareness, decrease memory loss, decrease aphasia. increase coordination and balance,

prevent or decrease the incidence and severity of a stroke, and improve cognition.

Therapeutically  useful methods and formulations  of the invention will

effectively use a phorbol ester of Formula I or derivative of a phorbol ester of the

Formula I in a variety of forms, as noted above. including any active, pharmaceutically

acceptable salts of said compounds, as well as active isomers, enantiomers, polymarphs,

6
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solvates, hvdrates. prodrugs, and/or combinations thereof.  TPA of formua 11 is

emploved as an illustrative embodiment of the invention within the examples herein

Within additional aspects of the invention, combinatorial formulations and

methods are provided which employ an effective amount of a phorbol ester of Formula |

or derivative of a phorbol ester of Formula [ in combination with one or more secondary

or adiunctive active agent(s) that is/are combinatorially formulated or coordinately

administered with the phorbol ester compound of Formula I to vield an effective

response in the subiect.

Combinatorial formulations and coordinate treatment methods in the treatment

of stroke employv. a phorbol ester compound of Formula I or derivative of the phorbol

ester of Formula 1 in combination with one or more additional. stroke preventing,

treating or other indicated. secondary or adiunctive therapeutic agents. The secondary

or adjunctive therapeutic agents used in combination with a phorbol ester, e.o.. TPA, in

these embodiments mayv possess direct or indirect effects on prevention or recovery

{ron stroke, alone or in combination with the phorbol ester, e.e. TPA: may exhibit other

useful adiunctive therapeutic activity in combination with, e.g. TPA (such as anti-

clotting, anticholesterolemic, vasodilating, antihvpertensive, arteriolar resistance

lowering, venous capacity increasing. heart oxyeen demand reducine, heart rate

decreasing, heart rate stabilizing. or neuroprotecting), or mayv_exhibit adjunctive

therapeutic activity useful for treating or preventing stroke or associated syvmpioms

alone or in combination with, e.o. TPA. Such secondary or adjunctive therapeutic

agents mav be administered prior o, simultaneously. or alter administration of a

phorbol ester of Formula I or derivative of a phorbol ester of Formula [

Usetul adiunctive or secondarv therapeutic agents in these combinatorial

formulations and coordinate treatment methods for the prevention or treatment of stroke

in a mammalian subiect include, but are not limited to, tissue plasminogen activators,

anticoagulants. statins, angiotensin [l receptor blockers, angiotensin-converting enzvme

inhibitors, anti-platelet agents, beta-blockers, aspirin. fibrates. calcium channel blockers,

or diuretics. In addition, adiunctive or secondary therapies may be used such as, but not

limited to, surgical intervention including carotid endarterectomy. angioplasty, balloon

7
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angioplasty, valve repair and replacement, coronary artery bypass, stent placement,

crapiotomy. endovascular coil emobilization, or patent foramen ovale closure.

The foregoing and additional obiects, features, aspects and advantages of the present

invention will become apparent from the following detailed description.

Detailed Description

Novel methods and compositions have been identified for use in preventing

and/or treating stroke and the sequelae of stroke in mammalian subiects, including

humans.

In various embodiments, the composition and methods as described herein may

increase the release of Thi evtokines, increase ERK phosphorvlation, modulate NF-xB

activity, prevent or treat paralysis, increase spatial awareness, decrease memory loss

decrease _aphasia, increase coordination and balance. improve cognition. improve

orientation, decrease the prevalence of subsequent strokes, and decrease impulsivity.,

Formulations and methods provided herein emnloy a phorbol ester of Formula ]

or derivative compound of a phorbol ester of Formula I as more fully described in U.S,

Patent Application No. 12/023.753, filed Janwary 31, 2008, which claims priority

1y

henefit of United States Provisional patent application Serial No. 60/898.810, filed

January 31, 2007 which is incorporated herein in its entirety by reference,

Ry

FORMULA |
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il
the alkyl group contains 1 to 15 carbon atoms: O—Cloweralkenyl  wherein a lower

il il
alkenyl group contains between 1 to 7 carbon atoms; — O~ t-phenyl . ——0O~—C-benzyl ,

and substituted derivatives thereof, Rs may be independently be hydrogen or

il
—C-lower alkyl |

Il
is hydrogen or —C-lower alkyl and substituted derivatives thereof as novel compositions

for use in treating chronic or recurring conditions. In another embodiment, either R; or

O
It Il
Ry is ~ O L1 G158 {he remaining Ry or Ry is a  ——O—C-owerakyl wherein a

lower alkyl is between 1 and 7 carbons, and Rs is hydrogen,

The alkvl alkenvl, phenyl and benzvl groups of the formulas herein mayv be

unsubstituted or substituted with halogens. nreferably, chlorine, fluorine or bromine:

nitro; amino; and/or similar type radicals.

Stroke treating formulations and methods provided herein employ a phorbol

ester of Formula I or derivative compound of a phorbol ester of Formula I, above,

including all active pharmaceutically acceptable compounds of this description as well

as  various foreseen and readily vrovided complexes. salts. solvates, isomers,

enantiomers, polymorphs and prodrugs of these compounds and combinations thereof as

anti~stroke agents,

Thl evtokine Increasing formulations and methods vrovided herein employ a

phorbol ester or derivative compound of Formula I, above, including all active

pharmaceutically acceptable compounds of this description as well as various foreseen

and readily provided complexes, salts, solvates, isomers. enantiomers, polymorphs and

prodrugs of these compounds and combinations thereof as novel Thl cvtokine

increasing agents. A broad range of mammalian subiects, including human subjects, arc

amenable to treatment using the formulations and methods of the invention. These

9
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subiects include, but are not limited to. individuals who have suftered or are at risk for a

stroke,

FERK phosphorviation increasing formulations and methods provided herein

emplov a phorbol ester or derivative compound of Formula I, above, including all active

pharmaceutically accentable compounds of this descrintion as well as various foreseen

and readily nrovided complexes, salts. solvates, isomers, enantiomers, polvmorphs and

prodrugs of these compounds and combinations thereof as novel ERK phosphorylation

increasing agents. A broad range of mammalian subjects, including human subjects, are

amenable to treatment using the formulations and methods of the invention. These

subjects include, but are not limited to, individuals who have suffered or are at risk for a

Within the methods and compositions of the invention, one or more phorbol

ester compound(s) of Formula I or derivative compounds of a phorbol ester of Formula

I as disclosed heremn is/are effectively formulated or administered as an agent effective

for treating and preventing stroke or the sequelae of stroke. In exemplary embodiments,

TPA is demonstrated for Hlustrative purposes to be an effective agent in pharmaceutical

formulations and therapeutic methods., alone or in combination with one or more

adiunctive therapeutic agent(s).  The present disclosure further provides additional

pharmaceutically accentable phorbol ester compounds in the form of a nafive or

synthetic compound.  including complexes, derivatives. salts. solvates. isomers,

enantiomers, polvmorphs, and orodrugs of the compounds disclosed herein. and

combinations thereof, which are effective as therapeutic agents within the methods and

compositions of the invention in the treatment and prevention of stroke and the sequelae

of stroke,

Strokes are caused by disruption of the blood supply to the brain. This may

result from either blockave (Ischaemic stroke) or rupture of a blood vessel

(haemorrhagic stroke).  The svmotoms of a stroke include sudden numbness or

weakness, especially on one side of the body; sudden confusion or trouble speaking or

understanding speech: sudden trouble seeing in one or both eves: sudden trouble with

walking, dizziness, or loss of balance or coordination; or sudden severe headache with

no known cause. Risk factors for stroke include high blood pressure, abnormal blood

10
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lipids, tobacco use, physical inactivity, obesity, stress, diabetes, alcohol use, excess

homocystein in the blood. inflammation and abnormal coagulation, There are also non-

modifiable risk factors such as age, heredity, gender and ethnicity.

Treatment for stroke has three distinet phases: prevention, therapv immediately

after a stroke, and post-stroke rehabilitation. The compositions and methods described

herein mayv be used at any phase of siroke treatment, independently or in conjunction

with one or more additional therapies including other pharmaceutical agents, devices or

surgzical interventions.

Phorbol is a natural, plant-derived polycvelic alcohol of the tigliane family of

diterpenes. It was first isolated in 1934 as the hvdrolysis product of croton oil derived

from the seeds of Croron fighium. 1t is well soluble in most polar oreganic solvents and

in water. Esters of phorbol have the general structure of Formula I, below:;

1
—=0—C-alkyl " wherein the alkyl eroup contains 1 to 15 carbon atoms;

il
—O—Clowerakenyl  wherein a lower alkenyl group contains between 1 to 7 carbon

il I
——O—Cphenyl . ——O—Cbenzyl. o substituted derivatives thereof. R may

atoms;

Il o .
be hvdrogen or —C-lowerakyl and substituted derivatives thereof as well as

11
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pharmaceutically acceptable salts, enantiomers, polyvmorphs. prodrugs solvates and

hvdrates of compounds of Formula L

The termy "lower alkvl" or "lower alkenvl" as used herein means moieties

containing 1 to 7 carbon atoms. In the compounds of the Formula 1. the alkvl or alkenyl

groups may_be straight or branched chain. In some embodiments. either or both R or

R». are a long chain carbon molety (i.e.. Formula [ is decanoate or myristate).

The alkyl, alkenyl, phenyl and benzyl groups of the formulas herein may be

unsubstituted or substituted with halogens, preferablyv. chlorine, fluorine or bromine;

nitro; amino and similar type radicals.

Organic_and synthetic forms of phorbol esters, including any preparations or

extracts from herbal sources such as croton fighium, are contemplated as useful

compositions comprising phorbol esters (or phorbol ester analogs. related compounds

and/or derivatives) for use within the embodiments herein. Useful phorbol esters and/or

related compounds for use within the embodiments herein will typically have a structure

as iustrated in Formula 1. although functionally equivalent analogs, complexes,

conjugates, and derivatives of such compounds will also be appreciated by those skilled

in the art as within the scope of the invention.

In more detailed embodiments, illustrative structural modifications according to

Formula I above will be selected to provide useful candidate compounds for treating

and/or preventing strokes. damage due to stroke and/ or managing the effects or

sequelae of strokes in mammalian subjects, Including humans, wherein: at least one of

and Ry is hvdrogen.

An exemplary embodiment of a phorbol ester compound of Formula I useful in

the treatment of in treating or preventing strokes. damage from strokes, and/or

managing the effects or sequelae of strokes in mamumalian subjects, including humans,

12
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is found in vhorbol  1Z2-myristate-13-acetate  (also  known as PMA or 12-0-

tetradecanovl-phorbol-13-acetate (TPA)) shown in Formula Il. below,

Geatar CHs

0

CHy
CHs

OH

FORMULA1I

Additional useful phorbol esters and related compounds and derivatives within

the formulations and methods of the invention include. but are not limited to, other

pharmaceutically acceptable active salts of said compounds, as well as active isomers,

enantiomers, polyvmornhs, elycosviated derivatives, solvates, hvdrates, and/or prodrugs

of said compounds. Derivatives of phorbol esters of Formula I mav or may not be

phorbol esters themselves. Further exemplary forms of phorbol esters for use within the

compositions and methods of the invention include, but are not limited to, phorbol 13-

butyrate; phorbol 12-decanoate; phorbol 13-decanoate; phorbol 12.13-diacetate; phorbol

13.20-diacetate; phorbol 12.13-dibenzoate: phorbol 12.13-dibutvrate; phorbol 12.13-

didecanoate; phorbol 12.13-dihexanoate; phorbol 12.13-dipropionate; phorbol 12-

3

myristate; phorbol 13-myristate: phorbol 12.13.20-triacetate; 12-deoxyphorbol 13-

aneelate: 12-deoxyphorbol 13-aneelate 20-acetate: 12-deoxyphorbol 13-isobutyrate; 12-

deoxyphorbol 13-isobutyrate-20-acetate; 12-deoxyphorbol 13-phenvlacetate; 12-

deoxyphorbol 13-phenylacetate 20-acetate; 12-deoxyphorbol 13-tetradecanoate: phorbol

12-tigliate 13-decanoate; 12-deoxyphorbol 13-acetate: phorbol 12-acetate; and phorbol

13-acetate as shown in Table 1.

Table 1

Fxemplary Phorbol Esters

13
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Phorbol 12,13~
Dipropionate

Phorbol 12-Myristate
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Phorbol 13-Mvyristate

Phorbol 12-Myristate~13-

Acetate (also known as

Phorbol 12,13.20-

Triacetate
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Compositions _as described herein _comprise stroke treating  compositions

comprising a stroke damace alleviating or preventing effective amount of a phorbol

ester compound of Formula I or derivative compound of a phorbol esters of Formula I

which is effective for prophvlaxis and/or treatment of stroke or stroke related symptoms

or sequelae in  a mammalian  subiject. A “stroke treating.” “anti-clotting.”

“anticholesteroleniic,”  “vasodilating.” “antihvpertensive,”  “arteriolar  resistance

lowering,” “ venous capacity increasing.” “heart oxvgen demand reducing.” “heart rate

decreasing,” “heart rate stabilizing.” or “neuroprotective” effective amount of the active

compound is therapeutically effective, in a single or multiple unit dosage form, over a

specified period of therapeutic intervention. to measurably alleviate one or more
19
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symptoms or sequelae of stroke in the subject. Within exemplary embodiments, the

compositions of the invention are effective in treatment methods to prevent or alleviate

svmptoms of stroke or sequelae of stroke in human and other mammalian subjects

vulnerable to or who have suffered a stroke.,

Phorbol ester treating compositions of the invention tvpicallv comprise an

effective amount or unit dosage of a phorbol ester compound of Formula [ or derivative

compound of a phorbol ester of Formula I, which may be formulated with one or more

pharmaceutically acceptable carriers, excipients. vehicles, emulsifiers, stabilizers.

nreservatives, buffers, and/or other additives that mav enhance stability, delivery,

absorption, half-hife. efficacy, pharmacokinetics, and/or pharmacodynamics. reduce

adverse side effects, or provide other advantages for pharmaceutical use.  Effective

amounts of a phorbol ester compound or related or derivative compound of Formula 1

(e.g.. a unit dose comprising an effective concentration/amount of TPA, or of a selected

pharmaceutically  acceptable salt, isomer, enantiomer. solvate, polymorph and/or

prodrug _of TPA) will be readily determined by those of ordinary skill in _the art,

depending on

20
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CLAIMS

1. A method for preventing or treating one or more of the effects of stroke in a

mammalian subject comprising administering an effective amount of phorbol ester of

Formula L or a pharmaceutically-acceptable salt, isomer, or enantiomer, thereof to said

subject

OR3

FORMULA I

wherein Ry and R» are selected from the group consisting of hydrogen, hydroxyl.

0 i 1 I
——0—C-alkyl ~——O0—Clowerakenyl =~ ——O—C-phenyl ~ ——O—C-benzyl 4 o ibatituted

il
derivatives thereof: and R is hydrogen., O—C-lower alkyl and substituted derivatives

thereof.
i
2. The method of claim 1. wherein Ry or Ry is ~— 9001 G158k 16 romaining

Il
RiorRyig  —O—Cloweralkyl 4nd R, is hydrogen.

3. The method of claim 1, wherein the phorbol ester is phorbol 13-butyrate,

phorbol 12-decanoate, phorbol 13-decanoate, phorbol 12.13-diacetate, phorbol 13.20-

diacetate, vhorbol  12.13-dibenzoate,  vhorbol 12.13-dibutyrate. phorbol 12,13~
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didecanoate, phorbol 12.13-dihexanoate, phorbol 12.13-dipropionate, phorbol 12-

myristate, phorbol 13-myristate, phorbol 12.13.20~triacetate, 12-deoxyphorbol 13-

angelate. 12-deoxyphorbol 13-angelate 20-acetate, 12-deoxvphorbol 13-isobutyrate, 12-

deoxyphorbol  13-isobutyrate-20-acetate,  12-deoxvphorbol  13-phenvyiacetate, 12~

deoxyphorbol 13-phenylacetate 20-acetate. 12-deoxyphorbol 13-tetradecanoate, phorbol

12-tichate 13-decanocate, 12-deoxyphorbol 13-acetate. phorbol 12-acetate, or phorbol

13-gcetate,
4, The method of claim 1, further comprising administering at least one secondary

or_adjunctive therapeutic agent that is effective in a combinatorial formulation or

coordinate treatment regimen with said phorbol ester of Formula | to treat or prevent

effects of stroke in said subiect.

5. The method of claim 4. wherein the at least one secondarv or adjunctive

therapeutic apent is administered to said subiect in a coordinate administration protocol.

~

simultaneously with, prior to, or after, administration of said phorbol ester to said

subject.
6. The method of claim 4. wherein the at least one secondary or adiunctive

therapeutic agent is tissue plasminogen activator. an anticoagulant. a statin, fibrate,

angiotensin I receptor blockers, angiotensin-converting enzyme inhibitor, beta-blocker.

anti-platelet agent, caleium channel blocker. or diuretic.

7. The method of claim 1, further comprising surgical intervention in combination

with phorbol ester of Formula [ to treat or prevent effects of stroke in said subject.

3. The method of claim 7. wherein the surgical intervention is a carotid

endarterectomy, angioplasty. stent placement, craniotomy, insertion of a pacemaker.

implantation of a defibrillator, replacement of valves, coronary artery bypass, heart

transplantation, endovascular coil emobilization, or patent foramen ovale closure,
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g, The method of claim 1. wherein the one or more effects of stroke are paralysis,

spatial _Impairment. impaired judement. left-sided neglect, memory loss, aphasia.

coordination and balance problems, nausea. vomiting, cognitive impairment, perception

impairment, orientation impairment, homonymous hemianopsia, or impulsivity.

10, A composition for the prevention or treatment of one or more effects of stroke in

a mammalian subject comprising an effective amount of a phorbol ester of Formula L or

a pharmaceutically-acceptable salt, isomer, or enantiomer thereof

OR3

FORMULA |

wherein Ry and R, are selected f{rom the group consisting of hydrogen. hydroxyl.

0
i I I I
——0—C-alkyl | ——O0—Clowerakeny) =~ ——O—C-phenyl ~ ——O—Cbentyl oy cupetituted

0

il
derivatives thereof: and Ry is hvdrogen, ——0——C-ower alkyl and substituted derivatives

0
11.  The composition of claim 10, wherein Ry or Ry is — 9 0C1— G158kl ypd the

O
Il
——O—C-lower alkyl and R; is hydrogen.

remaining Ry or Ry is
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12.  The composition of claim 10, wherein the phorbol ester is phorbol 13-butyrate,

phorbol 12-decanoate, phorbol 13-decanoate. phorbol 12.13-diacetate, phorbol 13.20-

diacetate.  phorbol  12.13-dibenzoate, phorbol  12.13-dibutvrate. phorbol  12.13-

didecanoate. phorbol 12.13-dihexanoate, phorbol 12.13-dipropionate. phorbol 12-

myvristate. phorbol 13-muristate, pharbol 12.13.20-triacetate, 12-deoxyphorbol 13-

angelate, 12-deoxyphorbol 13-angelate 20-acetate, 12-deoxyphorbol 13-isobutyrate, 12-

deoxyphorbol  13-isobutvrate-20-acetate,  12-deoxvphorbol  13-phenvlacetate, 12~

deoxyphorbol 13-phenylacetate 20-acetate, 12-deoxyphorbol 13-tetradecanoate, phorbol

[ 2-tigliate 13-decanoate. 12-deoxyphorbol 13-acetate, phorbol 12-acetate, or phorbol

1 3-acetate,

13, The composition of claim 10, further comprising at least one secondary or

adiunctive therapeutic agent that is effective in a combinatorial formulation with said

phorbol ester of Formula I to treat or prevent an effect of stroke in said subject.

14, The composition of claim 13, wherein the at least one secondary or adjunctive

"

herapeutic agent is tissue plasminogen activator, an anticoagulant, a statin, {ibrate, anti-
therapeutic agent is tissue plasminogen activator, an anticoagulant, a st {il 1t

platelet agent. angiotensin 11 receptor blockers, angiotensin-converting  enzyme

inhibitor, beta-blocker, calcium channel blocker, or diuretic.

15, The composition of claim 10. wherein the one or more side effects of stroke is

paralysis, spatial impairment, impaired judgment, left-sided neglect, memory loss,

aphasia, coordination and balance nroblems, nausea, vomiting, cognitive impairment,

perception impairment, orientation impairment, homonymous hemianopsia, or

impulsivity.

16. A method for preventing a stroke in a mammalian subject at risk for a stroke

comprising administering an effective amount of phorbol ester of Formula I or a

pharmaceutically-acceptable salt, isomer, or enantiomer, thereof to said subiect
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OR3

FORMULAI

wherein R _and R, are selected from the group consisting of hydrogen, hydroxyl,

0 0
I I I I
~—Q~—C-alkyl ——0—Cloweralkenyy =~ ——0—C-phenyl = ——0—Cbenzyl 4 opotituted
P ® . ~ 4 - . 4 i‘
derivatives thereof; and Rj is hydrogen, O——C-lower alkyl_and substituted derivatives

thereof,

0

i
7. The method of claim 16, wherein Ry or Ry js — 97001 Cisalyl 0
I
remaining R, or Ryis  ——0-——Coweralkyl and R, is hydrogen.
18. The method of claim 16, wherein the phorbol ester is phorbol 13-butyrate,

phorbol 12-decanoate, phorbol 13-decanoate, phorbol 12.13-diacetate, phorbol 13.20-

diacetate, phorbol  12.13-dibenzoate, phorbol  12.13-dibutyrate. phorbol  12.13-

didecanoate, phorbol 12.13-dihexanoate, phorbol 12.13-dipropionate, phorbol 12~

myristate, phorbol 13-myristate. phorbol 12.13.20-triacetate, 12-deoxyphorbol 13-

angelate, 12-deoxyphorbol 13-aneelate 20-acetate. 12-deoxyphorbol 13-isobutvrate, 12-

deoxyphorbol  13-isobutyrate-20-acetate,  12-deoxyphorbol  13-phenvlacetate, 12-

deoxyphorbol 13-phenvlacetate 20-acetate, 12-deoxyphorbol 13-tetradecanoate, phorbol
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12-tighiate 13-decanoate, 12-deoxyphorbol 13-acetate, phorbol 12-acetate, or phorbol

13-acetate.

19, The method of claim 16, further comprising administering at least one secondary

or_adjunctive therapeutic agent that is effective in a combinatorial formulation or

coordinate treatment regimen with said phorbol ester of Formula 1 to treat or prevent

effects of stroke in said subiect, wherein the secondary or adiunctive therapeutic agent is

administered simultanecusly with, prior 1o, or after. administration of said phorbol ester

of Formula L.

20). The method of claim 19, wherein the at least one secondarv or adiunctive

therapeutic agent is an anticoagulant. a statin, fibrate. angiotensin Il receptor blockers,

anti-platelet agent. angiotensin-converting enzvme inhibitor. beta-blocker. calcium

channel blocker. or diuretic,
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Compositions and Methods of Use of Phorbol Esters for the Treatment of Stroke

Related Applications

[001] This application is a United States utility patent application which clajfs priority
benefit of United States Provisional Patent Application Serial No. 61/588 X67, filed
January 18, 2012, which is incorporataed herein in its entirety be refer,

Additional Disclosure

[002] Additional disclosures relating to the instant applicationfay be found in
“Compositions And Methods Of Use Of Phorbol Esters” Untted States Patent
Application Serial No. 12/023,753, filed January 31, 2008, to Richard L. Chang, et al,
which claims priority benefit of United States Provisighal Patent Application Serial No.
60/898,810, filed January 31, 2007, each of whichAs incorporated herein by reference in

its entirety for all purposes.

[003] The present invention relates gepérally to the medicinal use of phorbol esters in

the treatment and prevention of strok€ and the effects of stroke.

Background

[004] Plants have historigally served many medicinal purposes. The World Health
Organization (WHO) estimates that 4 billion people, 80% of the world’s population,
presently use herbgVmedicine for some aspect of primary health care. (WHO Fact sheet
Fact sheet N°134, December 2008) However, it can be difficult to isolate the specific
compound ipra plant that has the desired medicinal effect and to reproduce it on a
commercial scale. Additionally, while the active compound may be isolated from a plant,
the otier parts of a plant such as the minerals, vitamins, volatile oils, glycosides,
aljaloids, bioflavanoids, and other substances may also be involved in the functioning of
the active compound or the medicinal effect for which the plant is known, making the
use, purification and commercialization of plant based pharmaceutical agents a challenge.
[005] Phorbol is a natural, plant-derived organic compound of the tigliane family of

diterpenes. It was first isolated in 1934 as a hydrolysis product of croton oil derived from
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the seeds of Croton tiglium, a leafy shrub of the Euphorbiaceae family that is native to
Southeastern Asia. Various esters of phorbol have important biological properties
including the reported ability to mimic diacylglycerols and activate protein kinase
(PKC); and to modulate downstream cell signaling pathways including the mitogén-
activated protein kinase (MAPK) pathways. Phorbol esters are additionally tHought to
bind to chimaerins, the Ras activator RasGRP, and the vesicle-priming prdtein Munc-13
(Brose N, Rosenmund C., JCell Sci;115:4399-411 (2002)). Some phptbol esters also
induce nuclear factor-kappa B (NF-kB). The most notable physio}égical property of
phorbol esters is their reported capacity to act as tumor promotefs. (Blumberg, 1988;
Goel, G et al., Int, Journal of Toxicology 26, 279-288 (2007).

[006] 12-O-tetradecanoylphorbol-13-acetate (TPA), algo called phorbol-12-myristate-
13-acetate (PMA), is a phorbol ester used in models gt carcinogenesis as an inducer for
differentiation and/or apoptosis irt multiple cell lides and primary cells. TPA has also
been reported to cause an increase in circulatiffg white blood cells and neutrophils in
patients whose bone marrow function has Heen depressed by chemotherapy (Han Z. T. et
al. Proc. Natl. Acad. Sci. 95, 5363-5365 (1998)), and to inhibit an HI'V- induced
cytopathic effect on MT-4 cells, (Mekkawy S. er al., Phytochemistry 53, 47-464 (2000)).
However, due to a variety of fagfors, including caustic reactions when contacted with the
skin and concerns for its poténtial toxicity, TPA has not been shown to be an effective
tool for treating, managip@, or preventing disease. Indeed, as phorbol esters play a key

role in activation of protein kinase C, which triggers various cellular responses resulting

in inflammatory rgéponses and tumor development (Goel ez al., Int, Journal of
Toxicology 264279-288 (2007)), phorbol esters would generally be excluded from
possible tregatment candidates for conditions that involve inflammatory reactions such as
stroke.
Heart disease and stroke kill some 17 million people a year, causing almost one-
ird of all deaths globally. They are predicted to become the leading cause of both death
and disability worldwide, with the number of fatalities projected to increase to over 20
million a year by 2020 and to 24 million a year by 2030. (Atlas of Heart Disease and

Stroke, World Health Organization 2004).
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[008] While there are over 300 risk factors associated with coronary heart disease and
stroke (Atlas of Heart Disease and Stroke, World Health Organization 2004), in
developed countries, at least 1/3 of all cardiovascular disease is attributable to tobacgo
use, alcohol use, high blood pressure, high cholesterol and obesity.

[009] Current treatments for the management and prevention of stroke are
combination of medications such as ACE inhibitors, aspirin, beta blockery’and lipid

lowering medications; devices such as pacemakers, implantable defibpillators, coronary

stents, prosthetic valves and artificial hearts; and operations such ag’coronary artery
bypass, balloon angioplasty, valve repair and replacement, heargt'transplants and artificial
heart operations. “Increasingly, high-technology procedureg’are chosen over less
expensive, but nevertheless effective , strategies ” (Atlag/0f Heart Disease and Stroke,
World Health Organization 2004) adding to the rising’costs of health care and leading to
marked disparities in the quality of treatment betyeen different groups of individuals. |
[010] However, even where advanced technglogy and facilities are available, 60% of
those who suffer a stroke die or become dependent and each stroke significantly increases

the risk of further episodes. “Worldwide, treatment of cardiovascular diseases and their

risk factors remains inadequate for fiost patients.” (Atlas of Heart Disease and Stroke,

World Health Organization 200

effective measures to treat apd prevent strokes and to treat or prevent the long term

. There is therefore clearly a need for new and more

effects caused by stroke.

[011] The present invention relates to compositions containing and methods of using

€rivatives of phorbol esters as described herein include, but are not limited to, paralysis,
spatial impairment, impaired judgment, left-sided neglect, memory loss, aphasia,
coordination and balance problems, nausea, vomiting, cognitive impairment, perception

impairment, orientation impairment, homonymous hemianopsia and impulsivity. In some
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embodiments, the use of phorbol esters and derivatives of phorbol esters may prevent
initial and subsequent strokes from occurring.

[013] Successful treatment will be determined according to conventional methods,4uch
as a reduction in the severity or sequelae of a stroke, a decrease or elimination ofthe
effects of stroke, a decrease in risk factors that predispose an individual to a stroke,
and/or a decrease in the number or severity of strokes including subsequet strokes.
[014] In another embodiment, the phorbol esters and derivatives of plorbol esters as
described herein may be used to modulate cell signaling pathways,/Such modulation may

have a variety of results, for example, in some embodiments, th¢ use of compositions

containing phorbol esters and derivatives of phorbol esters pay alter the release of Thl

cytokines in mammalian subjects. In a further embodimynt, compositions containing

phorbol esters and/or phorbol ester derivatives may glfer the release of interleukin 2 (IL-
2} in mammalian subjects. In an additional embodiment, compositions containing
phorbol esters and/or phorbol ester derivativey’may alter the release of interferon in
mammalian subjects. In yet another embodiment, compositions containing phorbol esters
and/or phorbol ester derivatives may altér the rate of ERK phosphorylation.

[015] The invention achieves the fregoing and satisfies additional objects and
advantages by providing novel ghd surprisingly effective methods and compositions for
treating and preventing stroké€, modulating cell signaling pathways and/or managing,

treating and preventing thé sequelae of a stroke using compositions containing a phorbol

Formulal
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wherein R; and R, may independently be hydrogen; hydroxyl; ~ ~— 9 ¢t
o

s pe etk afkenvl

wherein the alkyl group contains 1 to 15 carbon atoms; , wherein

i
. e (e phenyl
a lower alkeny] group contains between 1 to 7 carbon atoms;

O
D
T e

e (e ety 7y ’ o and substituted

3
e f Y (. bty pEKOTIVE
5  derivatives thereof. R3;may be independently be Kydrogen or and

substituted derivatives thereof. The methods ahd compositions of the present invention

further include any pharmaceutical salts, efantiomers, isomer, polymorphs, prodrugs,
hydrates and solvates of the compositi

[016] In some embodiments, at leaét one of Ry and R, are other than hydrogen and Rj is

4]

e b i adiipfiy L

10 hydrogen or and substituted derivatives thereof. In another

0

o (e e C s bl . .
It A the remaining R or Ryis a

{017}/ The alkyl, alkenyl, phenyl and benzyl groups of the formulas of Formula I herein
15 y be unsubstituted or substituted with halogens, preferably, chlorine, fluorine or
bromine; nitro; amino; and/or similar type radicals.
[018] An exemplary phorbol ester composition as used in the methods and compositions

as described herein is 12-O-tetradecanoylphorbol-13-acetate (TPA) of Formula II, below:
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Formula II

[019] Useful phorbol esters of Formula I and related compgunds and derivatives within
the formulations and methods of the invention include, byt are not limited to, other

5 pharmaceutically acceptable active salts of said compdunds, as well as active isomers,
enantiomers, polymorphs, glycosylated derivativeg, solvates, hydrates, and/or prodrugs of
said compounds. Exemplary forms of phorbo)esters for use within the compositions and
methods of the invention include, but are ngt limited to, phorbol 13-butyrate; phorbol 12-
decanoate; phorbol 13-decanoate; phorpol 12,13-diacetate; phorbol 13,20-diacetate;

10 phorbol 12,13-dibenzoate; phorbol ¥2,13-dibutyrate; phorbol 12,13-didecanoate; phorbol
12,13-dihexanoate; phorbol 12,]3-dipropionate; phorbol 12-myristate; phorbol 13-
myristate; phorbol 12-myristate-13-acetate (also known as TPA or PMA); phorbol
12,13,20-triacetate; 12-dg6xyphorbol 13-angelate; 12-deoxyphorbol 13-angelate 20-

deoxyphorbol ¥3-tetradecanoate; phorbol 12-tigliate 13-decanoate; 12-deoxyphorbol 13-
acetate; phofbol 12-acetate; and phorbol 13-acetate.
[020] Mammalian subjects amenable to treatment with phorbol esters of Formula I or
deriyatives of a phorbol ester of the Formula 1, particularly TPA, according to the

ethods of the invention include, but are not limited to, individuals who have suffered or
are at risk for a stroke. Subjects amenable to treatment with phorbol esters of Formula I,
particularly TPA, additionally include those suffering from the effects of a stroke
including, but not limited to, paralysis, spatial impairment, impaired judgment, left-sided

neglect, memory loss, aphasia, coordination and balance problems, nausea, vomiting,
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cognitive impairment, perception impairment, orientation impairment, homonymous
hemianopsia and impulsivity.
[021] These and other subjects are effectively treated'prophylactically and/or
therapeutically, by administering to the subject an effective amount of a phorbo}ester of
Formula [ or derivatives of a phorbol ester of the Formula I sufficient to mogdulate NF-xB
activity, increase Th1 cytokine activity, prevent or treat paralysis, increagé spatial
awareness, decrease memory loss, decrease aphasia, increase coordination and balance,
prevent or decrease the incidence and severity of a stroke, and impfove cognition.
[022] Therapeutically useful methods and formulations of the/invention will effectively
use a phorbol ester of Formula I or derivative of a phorbol ¢éter of the Formula Iin a
variety of forms, as noted above, including any active, pffarmaceutically acceptable salts
of said compounds, as well as active isomers, enantipfners, polymorphs, solvates,
hydrates, prodrugs, and/or combinations thereof. APA of formula II is employed as an
illustrative embodiment of the invention withix the examples herein below.
{023] Within additional aspects of the inyention, combinatorial formulations and
methods arc provided which employ anffective amount of a phorbol ester of Formula I
or derivative of a phorbol ester of Fofmula I in combination with one or more secondary
or adjunctive active agent(s) that{s/are combinatorially formulated or coordinately
administered with the phorbo)ester compound of Formula I to yield an effective response
in the subject.
[024] Combinatorial formulations and coordinate treatment methods in the treatment of
stroke employ a phoftbol ester compound of Formula I or derivative of the phorbol ester
of Formula I in gombination with one or more additional, stroke preventing, treating or
other indicatgd, secondary or adjunctive therapeutic agents. The secondary or adjunctive
therapeutj¢ agents used in combination with a phorbol ester, e.g., TPA, in these
emboddments may possess direct or indirect effects on prevention or recovery from
strpke, alone or in combination with the phorbol ester, e.g. TPA; may exhibit other useful
djunctive therapeutic activity in combination with, e.g. TPA (such as anti-clotting,
anticholesterolemic, vasodilating, antihypertensive, arteriolar resistance lowering, venous
capacity increasing, heart oxygen demand reducing, heart rate decreasing, heart rate

stabilizing, or neuroprotecting); or may exhibit adjunctive therapeutic activity useful for
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treating or preventing stroke or associated symptoms alone or in combination with, e.g.

TPA. Such secondary or adjunctive therapeutic agents may be administered prior to,

anticoagulants, statins, angiotensin II receptor blockers, angiotensif-converting enzyme

inhibitors, anti-platelet agents, beta-blockers, aspirin, fibrates, galcium channel blockers,
or diuretics. In addition, adjunctive or secondary therapies may be used such as, but not
limited to, surgical intervention including carotid endartgfectomy, angioplasty, balloon
angioplasty, valve repair and replacement, coronary aftery bypass, stent placement,
craniotomy, endovascular coil emobilization, or patent foramen ovale closure.

[026] The foregoing and additional objects, fegtures, aspects and advantages of the present

lgwing detailed description.

invention will become apparent from the fol

Detailed Description

[027] Novel methods and compgsitions have been identified for use in preventing

and/or treating stroke and the gequelae of stroke in mammalian subjects, including

increase the release 6f Th1 cytokines, increase ERK phosphorylation, modulate NF-xB
activity, preventOr treat paralysis, increase spatial awareness, decrease memory loss,
decrease aphgsia, increase coordination and balance, improve cognition, improve
orientatiogf, decrease the prevalence of subsequent strokes, and decrease impulsivity.
[029]
or derivative compound of a phorbol ester of Formula I as more fully described in U.S.
atent Application No. 12/023,753, filed January 31, 2008, which claims priority benefit
of United States Provisional patent application Serial No. 60/898,810, filed January 31,

ormulations and methods provided herein employ a phorbol ester of Formula [

2007, and U.S. Provisional Patent Application No. filed each

of which is incorporated herein in its entirety by reference,
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Formula ]

e ke il

wherein R; and R, may be hydrogen; hydroxyl; , wherein the alkyl

Eamant # L AR S0P H TR N

5  group contains [ to 15 carbon atoms; ; , wherein a lower alkenyl

e O
I

e { e Ceptbittiy ] X e (g C b7yl

0 and substituted derivatives thereof.

O

e e s liwsiegr abkenmy L
and substituted derivatives thereof as novel

j j

s Yo G (e T 2, ‘s tq g O Cehrer alk
= {ys alkyd the remaining RI or R2 is a e Cobesver allovt

either R or R, is

, wherein a lower alkyl is between 1 and 7 carbons, and R is hydrogen.
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[031] The alkyl, alkenyl, phenyl and benzyl groups of the formulas herein may be
unsubstituted or substituted with halogens, preferably, chlorine, fluorine or bromine;
nitro; amino; and/or similar type radicals.

[032] Stroke treating formulations and methods provided herein employ a phorbol ester
of Formula I or derivative compound of a phorbol ester of Formula I, above/including all
active pharmaceutically acceptable compounds of this description as well'as various
foreseen and readily provided complexes, salts, solvates, isomers, engitiomers,
polymorphs and prodrugs of these compounds and combinations fHercof as anti-stroke
agents.

[033] Th1 cytokine increasing formulations and methods provided herein employ a
phorbol ester or derivative compound of Formula I, aboxe, including all active
pharmaceutically acceptable compounds of this desgziption as well as various foreseen
and readily provided complexes, salts, solvates, igomers, enantiomers, polymorphs and
prodrugs of these compounds and combinatiogs thereof as novel Thl cytokine increasing
agents. A broad range of mammalian subjoCts, including human subjects, are amenable to
treatment using the formulations and méthods of the invention. These subjects include,
but are not limited to, individuals wHo have suffered or are at risk for a stroke.

[034] ERK phosphorylation ingfeasing formulations and methods provided herein
employ a phorbol ester or depfvative compound of Formula I, above, including all active
pharmaceutically acceptaple compounds of this description as well as various foreseen
and readily provided ¢émplexes, salts, solvates, isomers, enantiomers, polymorphs and

mpounds and combinations thereof as novel ERK. phosphorylation

prodrugs of these

increasing agents. A broad range of mammalian subjects, including human subjects, are
amenable toAreatment using the formulations and methods of the invention. These

subjects iclude, but are not limited to, individuals who have suffered or are at risk for a

[035] Within the methods and compositions of the invention, one or more phorbol ester
compound(s) of Formula I or derivative compounds of a phorbol ester of Formula I as
disclosed herein is/are effectively formulated or administered as an agent effective for
treating and preventing stroke or the sequelae of stroke. In exemplary embodiments,

TPA is demonstrated for illustrative purposes to be an effective agent in pharmaceutical
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formulations and therapeutic methods, alone or in combination with one or more
adjunctive therapeutic agent(s). The present disclosure further provides additional,
pharmaceutically acceptable phorbol ester compounds in the form of a native or s
compound, including complexes, derivatives, salts, solvates, isomers, enantio
5 polymorphs, and prodrugs of the compounds disclosed herein, and combingtions thereof,
which are effective as therapeutic agents within the methods and compogitions of the
invention in the treatment and prevention of stroke and the sequelae ¢f stroke.
[036] Strokes are caused by disruption of the blood supply to thg’brain. This may result
from either blockage (ischaemic stroke) or rupture of a blood yessel (haemorrhagic
10 stroke). The symptoms of a stroke include sudden numbngss or weakness, especially on
one side of the body; sudden confusion or trouble speaking or understanding speech;
sudden trouble seeing in one or both eyes; sudden trguble with walking, dizziness, or loss
of balance or coordination; or sudden severe headache with no known cause. Risk factors
for stroke include high blood pressure, abnorpial blood lipids, tobacco use, physical
15 inactivity, obesity, stress, diabetes, alcohgluse, excess homocystein in the blood,
inflammation and abnormal coagulatign. There are also non-modifiable risk factors such
as age, heredity, gender and ethnicj
[037] Treatment for stroke hagfhree distinct phases: prevention, therapy immediately
after a stroke, and post-strok¢ rehabilitation. The compositions and methods described
20 herein may be used at any’phase of stroke treatment, independently or in conjunction

a1 e msrimm m eatitinm ] o st e

apies including other pharmaceutical agents, devices or

11
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Formula |

wherein R; and R; are selected from the group consisting of lyydrogen; hydroxyl;
F

Ol yherein the alkyl group contains 1 6 15 carbon atoms;

3

s f Jomoe {7 Svn b |
5 , wherein a lower alkenyl group contains between 1 to 7 carbon

9] O

e (e Cophienyd
atoms; ;
0
O )k
O t, . . .
0 ;and substituted derivatives thereof
e 3 lowey adlieny L
and R3 may be bydrogen, or substituted derivatives thereof as well as

pharmaceutigally acceptable salts, enantiomers, polymorphs, prodrugs solvates and
10 hydrates gf compounds of Formula I and substituted derivatives thereof.
[039]/ The term "lower alkyl" or "lower alkenyl" as used herein means moieties
cortaining 1 to 7 carbon atoms. In the compounds of the Formula I, the alkyl or alkenyl
groups may be straight or branched chain. In some embodiments, either or both R; or Ry,
are a long chain carbon moiety (i.e., Formula I is decanoate or myristate).
[040] The alkyl, alkenyl, phenyl and benzy! groups of the formulas herein may be
unsubstituted or substituted with halogens, preferably, chlorine, fluorine or bromine;

nitro; amino and similar type radicals.
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[041] Organic and synthetic forms of phorbol esters, including any preparations or
extracts from herbal sources such as croton tiglium, are contemplated as useful
compositions comprising phorbol esters (or phorbol ester analogs, related compoynds
and/or derivatives) for use within the embodiments herein. Useful phorbol estefs and/or
related compounds for use within the embodiments herein will typically haye a structure
as illustrated in Formula I, although functionally equivalent analogs, copiplexes,
conjugates, and derivatives of such compounds will also be appreciagéd by those skilled
in the art as within the scope of the invention.

[042] In more detailed embodiments, illustrative structural médifications according to
Formula I above will be selected to provide useful candidajé compounds for treating
and/or preventing strokes, damage due to stroke and/ or/managing the effects or sequelae
of strokes in mammalian subjects, including humans/wherein: at least one of Ry and R,

are other than hydrogen and Rj is selected from the group consisting of hydrogen
)

e (Y Cobrwey afheny L
and substituted derivdtives thereof. In another embodiment, either

o 0
|
RiorRyis — 07 9% 3 e remaining Ry or Ry is — O Ciower alkst gnd R
is hydrogen.
[043] An exemplary embddiment of a phorbol ester compound of Formula I useful in
the treatment of in treatjfig or preventing strokes, damage from strokes, and/or managing

acetate (TPA)Y'shown in Formula I1, below.
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Formula II
[044] Additional useful phorbol esters and related compounds and derivatives withip the
formulations and methods of the invention include, but are not limited to, other
pharmaceutically acceptable active salts of said compounds, as well as active igomers,
enantiomers, polymorphs, glycosylated derivatives, solvates, hydrates, and/ér prodrugs of
said compounds. Derivatives of phorbol esters of Formula [ may or may'not be phorbol
esters themselves. Further exemplary forms of phorbol esters for us¢/within the
compositions and methods of the invention include, but are not lipdited to, phorbol 13-
butyrate; phorbol 12-decanoate; phorbol 13-decanoate; phorbot 12,13-diacetate; phorbol
13,20-diacetate; phorbol 12,13-dibenzoate; phorbol 12,13-dibutyrate; phorbol 12,13-
didecanoate; phorbol 12,13-dihexanoate; phorbol 12,13 dipropionate; phorbol 12-
myristate; phorbol 13-myristate; phorbol 12,13,20-tr#acetate; 12-deoxyphorbol 13-
angelate; 12-deoxyphorbol 13-angelate 20-acetatg’ 12-deoxyphorbol 13-isobutyrate; 12-
deoxyphorbol 13-isobutyrate-20-acetate; 12-déoxyphorbol 13-phenylacetate; 12-
deoxyphorbol 13-phenylacetate 20-acetatey12-deoxyphorbol 13-tetradecanoate; phorbol

12-tigliate 13-decanoate; 12-deoxyphorbol 13-acetate; phorbol 12-acetate; and phorbol

13-acetate as shown in Table 1.
Table 1

Exemplary Phorbol Esters

Phorbol 13- /

Butyrate

o
HO N M o L
(7T ]
HO. >\ /I\rrfcm
O=x 4}0
[

/27(orbo| 12- "7
ecanoate
i

P

e -0
¥3=Con

O s

10-—.{«.#«"%\5;4 O
on M O
A

!
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Phorbol 13-
Decanoate

Phorbol 12,13-
Diacetate

Phorbol 13,20-
Diacetate

Phorbol 12,13-
Dibenzoate

Phorbol 12,13~
Dibutyrate
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Phorbol 12,13-
Didecanoate

Phorbol 12,13-
Dihexanoate

Phorbol 12,13-
Dipropionate

Phgtbol 12-
yristate
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Phorbol 13-
Myristate

Phorbol 12-
Myristate-13-
Acetate (also
known as TPA or
PMA)

Phorbol 12,13,20-
Triacetate

12-Deoxyphorb
13-Angelate

12-Deoxyphorbol
13-Angelate 20-
Acetate
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12-Deoxyphorbol
13-Isobutyrate

12-Deoxyphorbol
13-Isobutyrate-20-
Acetate

12-Deoxyphorbol
13-Phenylacetate

12-Deoxyphorbdl
13-Phenylacetate
20-Acetate

18
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12-Deoxyphorbol
13-Tetradecanoate

Phorbol 12-Tigliate
13-Decanoate

12-Deoxyphorbg O\x
13-Acetate o

72N \?
L \,’fl
GHO OH
orbol 12- t |
HO~™ Sl
Acetate NI o
\ A
HO! B . s J() TC}
0= ]
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Phorbol 13-
Acetate

[045] Compositions as described herein comprise stroke treating cofipositions

comprising a stroke damage alleviating or preventing effective amount of a phorbol ester

compound of Formula I or derivative compound of a phorbol géters of Formula I, which
5 s effective for prophylaxis and/or treatment of stroke or stigke related symptoms or

4 <8

sequelae in a mammalian subject: A “stroke treating,” “dnti-clotting,”

% G

“anticholesterolemic,” “vasodilating,” “antihypertengfve,” “arteriolar resistance

lowering,” “ venous capacity increasing,” “heart pkygen demand reducing,” “heart rate

decreasing,” “ heart rate stabilizing,” or “neurgprotective” effective amount of the active

10 compound is therapeutically effective, in a gingle or multiple unit dosage form, over a
specified period of therapeutic intervention, to measurably alleviate one or more
symptoms or sequelae of stroke in th€ subject. Within exemplary embodiments, the

compositions of the invention are/ffective in treatment methods to prevent or alleviate

symptoms of stroke or sequelgé of stroke in human and other mammalian subjects
15 vulnerable to or who have guiffered a stroke.

1046) Phorbol ester tredting compositions of the invention typically comprise an
effective amount or phit dosage of a phorbol ester compound of Formula I or derivative
compound of a pHorbol ester of Formula I, which may be formulated with one or more
pharmaceuticglly acceptable carriers, excipients, vehicles, emulsifiers, stabilizers,

20  preservatiyés, buffers, and/or other additives that may enhance stability, delivery,

absorp{ion, half-life, efficacy, pharmacokinetics, and/or pharmacodynamics, reduce

advefse side effects, or provide other advantages for pharmaceutical use. Effective
ounts of a phorbol ester compound or related or derivative compound of Formula I

(e.g., a unit dose comprising an effective concentration/amount of TPA, or of a selected

pharmaceutically acceptable salt, isomer, enantiomer, solvate, polymorph and/or prodrug

of TPA) will be readily determined by those of ordinary skill in the art, depending on

20
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We claim:

1. A method for preventing or treating one or more of the effects of stroke in a
mammalian subject comprising administering zn effective amount of phorbol esteyof
Formula I, or a pharmaceutically-acceptable salt, isomer, or enantiomer, thereof'to said

subject

o 0 o {0

e e oyl s (Yo st alkepy], == O——C-pheesd, e f e G POV

O 7(
| -
0 ,and substituted derivatives thereof;
o [ Yo C bttt alkiony L
and Rj is hydrogén, and substituted derivatives thereof.

9]

e e A A L TR KO

2. e method of claim 1, wherein R; or R; is the
{)
i
aining Ry or Ryis ——0~—Heweralkd gnd Ry is hydrogen.
3. The method of claim 1, wherein the phorbol ester is phorbol 13-butyrate, phorbol

12-decanoate, phorbol 13-decanoate, phorbol 12,13-diacetate, phorbol 13,20-diacetate,
phorbol 12,13-dibenzoate, phorbol 12,13-dibutyrate, phorbol 12,13-didecanoate, phorbol
12,13-dihexanoate, phorbol 12,13-dipropionate, phorbol 12-myristate, phorbol 13-

49
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myristate, phorbol 12,13,20-triacetate, 12-deoxyphorbol 13-angelate, 12-deoxyphorbol
13-angelate 20-acetate, 12-deoxyphorbol 13-isobutyrate, 12-deoxyphorbol 13-
isobutyrate-20-acetate, 12-deoxyphorbol 13-phenylacetate, 12-deoxyphorbol 13-
phenylacetate 20-acetate, 12-deoxyphorbol 13-tetradecanoate, phorbol 12-tigliate 13-
decanoate, 12-deoxyphorbol 13-acetate, phorbol 12-acetate, or phorbol 13-aCetate.

4, The method of claim 1, further comprising administering at least’'one secondary
or adjunctive therapeutic agent that is effective in a combinatorial fopfulation or
coordinate treatment regimen with said phorbol ester of Formula ¥'to treat or prevent
effects of stroke in said subject.

5. The method of claim 4, wherein the at least one secgndary or adjunctive
therapeutic agent is administered to said subject in a copfdinate administration protocol,
simultaneously with, prior to, or after, administratiop'of said phorbol ester to said subject.
6. The method of claim 4, wherein the at leggt one secondary or adjunctive
therapeutic agent is tissue plasminogen activator, an anticoagulant, a statin, fibrate,
angiotensin II receptor blockers, angiotensih-converting enzyme inhibitor, beta-blocker,
anti-platelet agent, calcium channel blo¢ker, or diuretic.

7. The method of claim 1, further comprising surgical intervention in combination
with phorbol ester of Formula I $6 treat or prevent effects of stroke in said subject.

8. The method of claim 7, wherein the surgical intervention is a carotid

endarterectomy, angioplasty, stent placement, craniotomy, insertion of a pacemaker,

a mammalian subject comprising an effective amount of a phorbol ester of Formula I, or

a pharmaceutically-acceptable salt, isomer, or enantiomer thereof

50
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O , and substituted derivatives thereof:

i { e C. hiswesy b heny L

and R3 is hydrogen, and substituted derivatives thereof.

11.  The compositiog’of claim 10, wherein Ry or Ryis 0 7 ¢ 3l e

8]
remaining R or Ryis ==—0O=—Cdeseratibvl and Ry is hydrogen.

12.  The ¢gmposition of claim 10, wherein the phorbol ester is phorbol 13-butyrate,
phorbol 12-decanoate, phorbol 13-decanoate, phorbol 12,13-diacetate, phorbol 13,20-
diacetate, phorbol 12,13-dibenzoate, phorbol 12,13-dibutyrate, phorbol 12,13-

canoate, phorbol 12,13-dihexanoate, phorbol 12,13-dipropionate, phorbol 12-
yristate, phorbol 13-myristate, phorbol 12,13,20-triacetate, 12-deoxyphorbol 13-
angelate, 12-deoxyphorbol 13-angelate 20-acetate, 12-deoxyphorbol 13-isobutyrate, 12-
deoxyphorbol 13-isobutyrate-20-acetate, 12-deoxyphorbol 13-phenylacetate, 12-

deoxyphorbol 13-phenylacetate 20-acetate, 12-deoxyphorbol 13-tetradecanoate, phorbol

51
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12-tigliate 13-decanoate, 12-deoxyphorbol 13-acetate, phorbol 12-acetate, or phorbol 13

acetate.
13, The composition of claim 10, further comprising at least one secondary or,
adjunctive therapeutic agent that is effective in a combinatorial formulation with said
5  phorbol ester of Formula I to treat or prevent an effect of stroke in said subjéct.
14.  The composition of claim 13, wherein the at least one secondary/or adjunctive
therapeutic agent is tissue plasminogen activator, an anticoagulant, g/statin, fibrate, anti-
platelet agent, angiotensin Il receptor blockers, angiotensin-convegfting enzyme inhibitor,
beta-blocker, calcium channel blocker, or diuretic.
10 15.  The composition of claim 10, wherein the one or more side effects of stroke is
paralysis, spatial impairment, impaired judgment, left-sided neglect, memory loss,
aphasia, coordination and balance problems, nauseas/vomiting, cognitive impairment,

perception impairment, orientation impairment, fomonymous hemianopsia, or
impulsivity.

15 16. A method for preventing a stroke in 3/mammalian subject at risk for a stroke

comprising administering an effective Zgmount of phorbol ester of Formula I, or a

pharmaceutically-acceptable salt, ismer, or eniantiomer, thereof to said subject

Formula I
in R; and R, are selected from the group consisting of hydrogen, hydroxyl,

G 0 6 0

1 Lt e 1y e Y (gt alhriyl, e (== Cophenyl, s e C s 7

3
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8]

, and substituted derivatives thereof;

Rl # Sl SR STRUE VISR
and Rj is hydrogen, and substituted derivatives t

s Yo {ofom (o Cy ¥Ry

17. The method of claim 16, wherein R; or Ry is the

0
remaining R, or Ry is ‘“'“"'U"“"é}““*w vl and Ry is hydrggen.

5 18. The method of claim 16, wherein the phorbot ester is phorbol 13-butyrate,

phorbol 12-decanoate, phorbol 13-decanoate, phgrbol 12,13-diacetate, phorbol 13,20~

diacetate, phorbol 12,13-dibenzoate, phorbol /2,13-dibutyrate, phorbol 12,13-

didecanoate, phorbel 12,13-dihexanoate, phorbol 12,13-dipropionate, phorbol 12-

myristate, phorbol 13-myristate, phorbél 12,13,20-triacetare, 12-deoxyphorbol 13-

10 angelate, 12-deoxyphorbol 13-angefate 20-acetate, 12-deoxyphorbol 13-isobutyrate, 12-
deoxyphorbol 13-isobutyrate-2(¢acetate, 12-deoxyphorbol 13-phenylacetate, 12-
deoxyphorbol 13-phenylacegate 20-acetate, 12-deoxyphorbol 13-tetradecanoate, phorbol
12-tigliate 13-decanoate,/{2-deoxyphorbol 13-acetate, phorbol 12-acetate, or phorbol 13-

15 19 The methed of claim 16, further comprising administering at least one secondary
or adjunctive tierapeutic agent that is effective in a combinatorial formulation or
coordinate ¢featment regimen with said phorbol ester of Formula I to treat or prevent
effects of stroke in said subject, wherein the secondary or adjunctive therapeutic agent is

admifiistered simultaneously with, prior to, or after, administration of said phorbol ester

Formula I.

20. The method of claim 19, wherein the at least one secondary or adjunctive

20

therapeutic agent is an anticoagulant, a statin, fibrate, angiotensin II receptor blockers,
anti-platelet agent, angiotensin-converting enzyme inhibitor, beta-blocker, calcium

channel blocker, or diuretic.



