PHARVACEUTI CAL COMPCSI TI ON AND METHOD FOR

NEQANG OGENESI S/ REVASCULARI ZATI ON USEFUL | N TREATI NG | SCHEM C HEART

DI SEASES CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s application clains
priority to U S. Provisional Application No. 60/791,462, filed April 13,
2006, the contents of which are hereby incorporated by reference. The
application further clains priority to PCT Application Nos.

PCT/ 1 B2005/ 003202 and PCT/ |1 B2005/ 003191, both filed November 8, 2005, the
contents of which are hereby incorporated by reference. FIELD OF THE
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BACKGROUND OF THE INVENTION

Ischemic heart diseases including coronary heart disease and heart infarction are diseases

due to insufficient coronary blood supply or interruption of the blood supply to a part of the
heart, causing damages or death of heart muscle cells. It is the leading cause of death for both
men and wonen over the world. For example, about 1.5 million Americans suffer a heatt attack
each year (that’s about one heart attack every 20 seconds) and millions suffer from ischemic
heart diseases, |

During remodeling progress post infarction, neoangiogenesis/revascularization to the
infarcted heart tissues is insufficient to keep pace with the tissue growth required for contractile
compensation and is unable to support the greater demands of the hypertro?hicd but viable
myocardium, especially the myocardinm along the border zone of the infarct-the cardiomyocytes
at risk. The relative lack of oxygen and nutrients to the hypertrophied myocytes might be an
important etiological factor in the death of otherwise viable myocardium, resulting in progressi{fe
infaret extension and fibrous replacement. Therefore, the most direct way to rescue the cardiac

myocytes at risk apparently is to establish a new blood supply at an early stage that would allow
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the infarct zone. Restoration of coronary blood flow by rapid angi ogenesi s
should offer a direct and effective therapeutic nodality to intractable

i schem ¢ heart diseases. Although therapeutic angi ogenesi s has been studi ed
intensively as an alternative treatnent for ischem c vascul ar di seases
using growt h factors such as VEG-, aFGF, bFGF or PDGF, these factors take
weeks to act 1-6, while nyocardial necrosis due to coronary occl usion
occurs very rapidly within a matter of hours 5, 7, 8. The consequence is
that fibrous tissue grows rapidly despite the ischem c condition, which
replaces the infarcted heart tissues and leaves little roomfor any newy
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researchers routinely discard the tannins as debris. Ga nay be isol ated
exi ot PR E SREGERYBREIP i het i ¢ Fechn; ques.  be obt ai ned fhrough
total or semsche object of the present invention, there is provided a pharmaceutical composition
for treating ischemic heart diseases which comprises one or more chemical compounds sharing a
common backbone structure of formula (I}, i.e., the compounds derived by substituting one or
more hydrogen atoms at various positions of the backbone structure of formula (I). The base
compound, i.e., the backbone structure of formula (J) itself without any substitution, has shown
potent beneficial therapeutic effects in treating ischemic heart diseases by promoting
angiogenesis and protecting against endothelial apoptosis, resulting in revascularization in
infarcted myocardia and prevention of further ischemic death of the cardiomyocytes. The base
compound is referred to as “Ga” hereinafter. The compounds are known in the art but they are
never known as possessing the above biological activities and therapeutic effects. In fact, the
tannins, to which Ga belongs, are conventionally reviewed as non-active ingredients and in the
process of identifying the active ingredients in herbal medicines researchers routinely discard the
tannins as debris. Ga may be isolated from natural resources, particularly from plants or they

may, with existing or future developed synthetic techniques, be obtained through total or semi-
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chem cal syntheses. HHHOH OWCCH H\ - CO/y¥\ | OH 2CCH HOCHCO\
ONO1/ OO o--CI OHOR/ OH ON/ ONHI I oHON\ | ONCH Hoff HON
ON Formul a | The backbone conpound of forrmula | (also referred to as Ga in
this application) can have substituents at various positions and retain
simlar biological activities as the backbone conmpound Ga. A substituent
is an atomor group of atons substituted in place of the hydrogen atom
The substitution can be achi eved by nmethods known in the field of organic
chem stry. As wused in this application, the term"a conmpound of formula I"
enconpasses t he backbone conpound itself and its substituted variants with
simlar 0'?% Sn %pt|V|t|es It is contenplated, as a person with
ordinary h %5 art would contenplate, that the above backbone
conmpound or its substltuted vari ant may be nade in various possible
racemc, enantionmeric or diastereoisoneric isomer fornms, may formsalts
with mneral and organic acids, and may al so form derivatives such as

N- oxi des, prodrugs, bioisosteres. "Prodrug" neans an inactive formof the
conpound due to the attachnment of one or nore specialized protective

groups used in a tpansient manner to alter or to elimnate undesirable
properties in thejparent nDIecuIe which is netabolizeg or converted into
the active conpo in vivo) once ad st er ed.
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The objective o ¥ a new conpound
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SOst er ess Y41 pttar maceuti cal |y

The backbone compound of formula I (also referred to as Ga in this application) can have
substituents at various positions and retain similar biological activities as the backbone
compound Ga. A substituent is an atom or group of atoms substituted in place of the hydrogen
atom. The substitution can be achieved by methods known in the field of organic chemistry. As
used in this application, the term “a compound of formula I” encompasses the backboneA
compound itself and its substituted variants with similar biological activities.

It is contemplated, as a person with ordinary skill in the art would contemplate, that the
above backbone compound or its substituted variant may be made in various possible racemic,
enantiomeric or diastercoisomeric isomer forms, may form salts with mineral and organic acids,
and may also form derivatives such as N-oxides, prodrugs, bioisosteres. “Prodrug” means an
inactive form of the compound due to the attachment of one or more specialized protective
groups used in a transient manner to alter or to eliminate undesirable properties in the parent
molecule, which is metabolized or converted into the active compound inside the body (in vivo)
once administered. “Bioisostere” means a compound resulting from the exchange of an atom or
of a group of atoms with another, broadly similar, atom or group of atoms. The objective of a

bioisosteric replacement is to create a new compound with similar biological properties. to the
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various isonmers froma known conpound (such as those disclosed in this
specification) are wthin the ordinary skill of the art. Therefore, the
present invention contenplates all suitable isomer forns, salts and
derivatives of the above discl osed conmpounds. As used in the present
application, the term"functional derivative" nmeans a prodrug,

bi oi sostere, N-oxide, pharmaceutically acceptable salt or various isomner
fromthe above- disclosed specific conpound, which may be advantageous in
one or nore aspects conpared with the parent conpound. Mking functional
derivatives may be | aborious, but sone of the technol ogies involved are
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manner. The formulation techniques are not part of the present invention and thus are not
limitations to the scope of the present invention.

In another aspect, the present invention provides a method of promoting revascularization
in dead or damaged heart tissues caused by an ischemic heart disease, such as, for example,
atherosclerosis of coronary arteries in a mammalian subject. The method comprises a step of
administering an effective amount of a compound of formula (I} or its functional derivative to
the mammalian subject.

In still another aspect, present invention provides a method for treating, ameliorating or
curing a pathological condition in & mammal, where the pathological condition, as judged by
people skilled in medicine, can be treated or alleviated by up-regulating the expressions of
angiogenic factors (VEGF and FGF) that promotes early revascularization in infarcted
myocardium, and/or by inducing anti-apoptotic protein expression that inhibits apoptotic death of
cardiomyocytes in the infarcted hearts and prevents the progressive extending of further ischemic

injury and limiting infarct size. The method comprises a step of administering an effective
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anount of a conpound of fornmula (1) or its functional derivative to the
mammal . The various features of novelty which characterize the invention
are pointed out with particularity in the clains annexed to and formng a
part of this disclosure. For a better understanding of the invention, its
operating advantages, and specific objects attained by its use, reference
shoul d be nade to the drawi ngs and the foll ow ng description in which there
are illustrated and descri bed preferred enbodi nents of the invention.

BRI EF DESCRI PTI ON OF DRAWNGS FIG 1 outlines the process of isolating Ga
fromthe plant of Geum Japoni cuin as an exanple of nmaking the conpound of

the pr ese?ﬁhoﬁlﬂ\égg%%md%&n (1)3[ ﬁﬂ%ﬁgﬁ%@ﬁmﬁﬁ {1%@’%%%&?&%%%% neovascul ari zati on
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G for GAPHf,ErSg%fhgg Og%lﬁfnrv@imo&r HUpeTeng aivapiages,and sRegLG 0BispTS alapediby itgBiecul ar

ma ][ ker) . fefd@encs sl hdie (e ;:mﬁuge dnceihlfa esllovay c&%tfriﬂiéf@inl vgr}ﬁélﬁtﬁ&r% &le ang
infarct sjze. 1. ven days, after LAD ligation_(control); 2: seven days
after LAﬂlﬁ%‘f%baéff]aiaﬂaﬁfsﬁﬁb%r%ﬂe?”é@)e;mbgdmv@@oégﬁI’H’I"'Btéonanal ysis show ng

i ncreased expressions of phospho-Aktl with Ga treatnent; 4: Western bl ot
anal ysi s i i hcr eased. expressions of Bcl2 with Ga treatnent (Cand T
st andi ng g%ﬁf%ﬁfglgﬁ'[@ %D%gﬁvwﬁstreat ed group, respectively); b5:
trichrome staining of the rat nyocardium at 2-week post infarct (control);

and 6: trichrone staining of the rat nyocardiumat 2-week post infarct (Ga
t r eat ed) , "EhoRPhgesthepropsse afisolging & fecsn the plagt efi Gavinzloperricin senesmade ofass of

vi abl e nyaeaneindBhihd iRl Bf b Bredédk fRib:Rfonval | . 5 DETAI LED DESCRI PTI ON CF
PARTI CULAR EMBODI S 1. perinmental Procedures Al protocols used in

the present invention conformed to the Guide for the Care and Use of
were appravad Sy MRS BrERy Byt i on WP e H LB T i e ece
Uni ver si ttyea@flelﬂd?t/. tKenygatter left anterior descending coronary artery (LAD) ligation and Ga

injection; 2: two day control heart; 3: seven days after LAD ligation and Ga injection; 4: seven

days control heart; 5: RT-PCR analysis and 6: Western blot analysis, showing significantly up-

regulated gene expressions of VEGFb and VEGFc in the Ga treated heart tissues (A standing for

VEGFb, B for VEGFe, G for GAPDH, C for control group, T for Ga treated group, M for

molecular marker),

FIG. 3 shows the Ga-induced effect on survival potential and infarct size. 1: seven days after
LAD ligation (conirol); 2: seven days after LAD ligation (Ga treated); 3: Western blot analysis
showing increased expressions of phospho-Aktl with Ga treatment; 4: Western blot analysig

-showing increased expressions of Bel2 with Ga treatment (C and T standing for control group
and Ga treated group, respectively); 5: trichrome staining of the rat myocardium at 2-week post
infarct (control); and 6: irichrome staining of the rat myocardium at 2-week post infarct (Ga
treated), showing significantly reduced infarct size and increased mass of viable

myocardium within the anterior wall.




| sol ation of Ga from Geum Japoni cum For the experinments disclosed in the
followng, Ga was obtained fromthe plant of Geue n Japonicum Referring
to FIG 1, the plant was collected from Guizhou Province of China in August
was dried (10kg) and percolated with 70% et hanol (100L) at room
tenperature for 3 days tw ce. The extract was conbi ned and spray-dried to
yield a solid residue (lkg). The solid residue was suspended in 10 liter
H20 and successively partitioned with chloroform (10 L) twi ce, then
n-butanol (10 L) twice to produce the corresponding fractions. The

n- butanol (GJ-B) soluble fraction was filtered and spray dried to yield a

pouder 1 asiti AMEDIBESEAPPINOF PARTICUENRNSORIIENTE act on coul d

significantly enhance the proliferation o uman coronary artery
endothelial cells (Conetics, Inc.) and stimulate rapid neovascul ari zation

in infarct, Eg@m@ﬁtﬂl‘lﬂméﬁh@ model . The n-BuOH sol uble fraction was

appl i ed on a colunmm @g adex LH 20 equilibrated with 10% net hanol and
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fractions ofEalﬁﬁtbx?’An%nai%wtﬁﬁLd‘ﬁg% U SPRLK LTRGGl eﬁgrgfug? Vr}«?r%:l?%%@t%\éed the

potent activ Ih stinmutating Signi |can angr o
myocar di uﬂwf rgmpk Bxpeiimentd Btided Sominmitpeted Mhe @hmmﬂjmmmﬁybﬁﬂb@gsltoﬂgt s healing

effects on he struc .th % unds
contai ned in t gﬁgfléw ﬁ’??g W ORSHE g @? ?ﬁpﬁ’é ergi/‘%f\fkﬁ gw&ﬁ%ﬁg‘m@r
course, a$&acges |0btaale& fromrthenglend loﬁGema‘a;wraacmg E&fé{ﬁﬁglfmdi'lal, t}{b'q)yanth@g &tasned
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coronary arTeHySiee ke eesa u%YV%SsSB’FR?B dip 1 B@rWF“FﬁS‘“’@éﬁﬁYe&Y ni ng 0. 3ny
Ga) was i pjretiomed mmtamdrdﬁemd(mmtwmmmdim((qb@) tRELH Yidkled Behem ¢ region)
of the Ii ated e%y ely ter the ligation_ in the test group
Chavi ng. 68 tFapuRine Tabaoh By bt buriiap bie Apetemissdiiemasngamss dedss od o
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q eac wer e eut hanati zed on
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group 6 (fuflate rHid ndoRBe s
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the rats .
approximately 50% methanol, showed the potent activity in stimulating significant angiogenesis

in infarcted myocardium. This fraction 3 containing tannins was used to test its healing effects on
a MI animal model. The structures of the active compounds contained in this active fraction were
determined by NMR analysis. Of course, as Ga is a known natural occurring compound, it may
be obtained from other plants and produces satisfactory results.

Animals, surgical procedures: Male Sprague-Dawley (SD) rats, weighing 250-300 g
were used. Following proper anesthesia, a left thoracotomy was performed on the animals, the
pericardium was opened and the left anterior descending (LAD) coronary artery was ligated, Ga
dissolved in PBS (0.1iml, containing 0.3mg Ga) was injected into the distal myocardium (the
presumed ischemic region) of the ligated artery immediately after the ligation in the test group
(having 60 rats, i.e., n=60). An equivalent volume of PBS was injected to the corresponding
location of the rats in the conirol group (n=60). Fifteen rats of each group were euthanatized on

~-day 2,7, 14 and 30 post-infarct for morphological and functional assessment. For the sham group
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sacrificed on day 2 and 7 post-infarction were renoved and sliced from apex
to base in 3 transverse slices. The slices were fixed in formalin and
enbedded in paraffin. Vascular density was determ ned on the histol ogy
section sanples by counting the nunber of vessels within the infarct zone
using a light m croscope under a high power field (HPF) (x 400). Eight
random and non-overl apping HPFs within the infarct filed were used for
counting all the vessels in each section. The nunber of vessels in each
HPF Was averaged and expressed as the nunber of vessels per HPF. Vascul ar
counts were performed by two investigators in a blind fashion. Measurenent

of nyocyt qnaaq@ﬂgﬁr&oﬁmywwﬁéﬁ@%@yn&fw cgéfr%% we&ih MIBAD Apihe  TUNEL
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t he test ah@uPatABgst he control group on day 7 post-infarction. After
general deparaffinization and rehydration, tissues were digested wth
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three to fsewtmn t]?bamsmbersaévalsels:m&acﬂﬂdPF @Hﬂ)ﬁﬂﬁg&ﬂ dnd eﬁ@és’@;éd asthe didbRr s£CLI ons (5
pm t hi ck) ach ide a ined with I.ni.ng and
Masson's tFi %EP%;%PEI goij; c%gﬂ)we %&Wg “E’B?t}ga@éﬂnﬁlbaﬁ‘?@ﬂﬂorhyocardl um
red. These SecMa@litBen’feﬁDdﬁn@bd:yt@&popﬁstsWTEIVELQJ?@?E%F f BssBe SLHOHB/NTHOT

conput er 1..345 shand, Nati pnal

| nsti t ut eg%ﬁlls-%gfg'ﬂ’ﬁe aqgg%g t“g%ﬁé‘l in éﬁ’ﬂ%‘é‘?ﬂ’ﬁ? af apgﬂ\‘as%ﬁ thesiealerpelldpyed UeEr ences

as wel | amybmdlmaﬂgfdﬁo@ﬁssﬁmcmRwemuﬁeameah&ertest 836hakd thé&mtdine
i nfarcted |[%ort| ﬁ _? P’gf’frl eft ventricle was cal cul ated fromthese
& { pest-

measur enefito4P °4 tlipnop g esperpledisprrpiipigatina ind rehyfations ilﬁ*sé%mﬂﬁfé? ence of
the end ocaigéstwmmmﬂro%masﬂt DM B 15 Miki& oBh ik GENPRHENEF g&%ﬁsﬂ @i
sessnent of

percentage to define farct size 9, |o, Echocardi o

Myocar di atSEHTEResHe) ﬁoﬁ 6%’;11;]1“1*% PP Afigrdnoubation yad SPHARB Cwée) for 20
echocar di gghaghne PeNFT &AM FXPE5LTRANRIL BAB fﬁ%‘j,%xclﬁs?&?ecﬂacﬁéjﬁu%ﬁf %ﬂy was

recor ded
DNA fragmentation stained brown). Tissue sections were examined microscopically at a high

power field (x 400) and at least 100 cells were counted in a minimum of 10 HPF. The number of

the apoptotic myocytes per HPF was referred to as the apoptotic index.

Estimation of the myocardial infarction: The hearts of the rats, sacrificed on day 14 post

infarction, were removed and sectioned from apex to base in three to four transverse slices and

embedded in paraffin. Thin sections (5 m thick) were cut from each slide and stained with

H&E staining and Masson's trichrome (Sigma, USA), which labels collagen blue and
myocardium red. These sections from all slices were projected onto a screen for computer-
assisted planimetry (ImageJ 1.34S, Wayne Rasband, National Institutes of Health, USA). The
‘endocardial and epicardial circumferences as well as the length of the scar were measured for
each slice. The infarcted portion of the left ventricle was calculated from these measurements

and the ratio of scar length to ventricular circumference of the endocardium and epicardium of




under controll ed anesthesia using a S 10- MHz phased-gray transducer and CGE
VingMed Vivid 7 system Mnode tracing and 2-di nensional (2D)

echocar di ography i mages were recorded from the parasternal |ong- and
short-axis views. Short axis view was at the papillary nuscles level. Left
ventricul ar end-diastolic (LVDA) and end-systolic (LVSA) areas were

pl ani retered fromthe parasternal |long axis and LV end-diastolic and
end-systolic volunmes (LVEDV and LVESV) were cal culated by the M node

met hod. LV ejection fraction (LVEF) and fractional shortening (FS) were
derived fromLV cross-sectional area in 2D short axis view EF = [(LVEDV -

LVESV) / LVERMicos v QfresalthslsFersbihditerdo WAMAVRAL - 01L00% 12, St andar d

formul ae were Esed for echocardiogra cal culati ons. RT-PCR anal'ysis of
survi val assocteredd @éﬁ’é’%‘%ﬁ?@%’é’?’@ﬁ@ﬂ%’@#&%ﬂc@m Bealk A BhSB kegs rebrined

prepared bakhiLdcREbafIQEAhY bdbrelah SHREAE p%’c(eddrgg Ecﬂdc%fdlograpfg; \;v%qg(?)rde urer’

i mredi atel y after incision and stored at "-80C. Accor

i nstruct i B&%T cquollpd gurpthegiaising 6154 - uplianel-aan frensduRNestGE WinpMedi ivig Cat al og
Nunb 74 { d
e 38t g Bl U S PR SN

stored at -80C. The integrity o e ri con
was checledargermpHeng $h@§'3ﬁt§r‘msd%ﬁwm18dmvavvwatlﬂglﬁpdﬂalgeﬂluscles level,

I h he f
el ect r ophL@ediidular %ﬁdlggﬁ@gmﬁ PREGESS s{aﬂ a’fftvtﬁe){u &F werdry tme\tﬁég%g@gsse d by

Protein contam nati on an rati
det er mi ni Pajesterne! lpwg 4xis a6 endaibeetc @pwt aystpihwbbm(LVEBVlayd L@ nder f

Bi oPhot ongfidlated B?f]i@ﬂf ﬂode%’éh@@%qec%%a@”ﬁ B % a@[@ﬁfﬁﬁgsgo HEEFV\S éIQ Of the

above pre rcted nyocard t1ssue
liquid ni F‘i“(‘fﬁigf ﬁ‘i?ssrsﬁ?‘g'io%al prest ‘P@P S'(‘%‘G"We"f’r@“—s' [GMERYS LVES@)WDW@O% 1 v

EDTA, 1 niddESFALVIOA Novsaatvia14Q004 OYsahyeeionhula@@e %édl\f@fechgcgrcﬁ%apﬁﬂd' um
| eupeptin, 10 ng/m aprotinin, 20

pyr ophosph g 10 ng/ m
phenyl mat'f‘@c[ Fbnyl  fluori de, and 1 M sodi um orthovanadat e) was added to

the powder an®RmBCR Qﬂalyﬁﬁoffs@lﬁm@pasﬁﬂdhted &2 ﬁ@&ﬁ}%}sz}‘hﬁ Adsnﬂﬁ’i%h%‘?ém I{eaﬁ&teby
Bi 0- Rad DC gar%f i.n assay Kit i O- Ragz Equal anounts total
protein W& igfargtedypyqeaidind B%fu?)WISID ipiediguidmitregen inshediptely aft@r imjabpn and

menbr anessiokeAREGNA Koc to YRR R4 & dﬁ%ﬁz&% gﬁttﬁ%}l@r%ag é@/ﬂ%ﬁ%}lﬁ% @2)12@5'& fered

saline plus 0.1% (vol/val Tween 20 (PBS m | k
powder ( PNy MisrKis(Caalog Mumpasdhi o4 @ﬁlﬁ@h ey B Adsqivadtie 30-80x! ROGsarfice wi t h

speci fi ¢ RabREoRdtd: bosHees TRORLBSY I Bl BB BNA cottammationwas ™ =

checked routinely using formaldehyde denaturing RNA gel electrophoresis {1.2%) before
proceeding with the further analysis. Protein contamination and conceniration of the total RNA
was assessed by determining the ratio OD260:0D280 spectrophotometrically (Eppendorf
BioPhotometer, Hamburg, Germany).

Western Blot Analysis: About 50mg of the above prepared infarcted myocardial tissue
‘Wwere grinded to powder in hqmd nitrogen. 1 mL lysis buffer (50 mM Tris, pH 7.5, 150 mM
NaCl, 1 mM EDTA, 1 mM EGTA, 1% Nonidet P-40, 10% glycerol, 200 mM NaF, 20 mM
sodium pyrophosphate, 10 mg/ml leupeptin, 10 mg/ml aprotinin, 200 mM phenylmethylsulfonyl
fluoride, and I mM sodium orthovanadate) was added to the powder and put on ice for 30 min,
Protein yield was quantified by Bio-Rad DC protein assay kit (Bio-Rad). Equal amounts (10 g)
of total protein were size-fractionated by SDS-PAGE and transferred to PVDF membranes
(Amersham, USA). The blots were blocked with phosphate-buffered saline plus 0.1% (volfvol)
Tween 20 (PBST) containing 5% (wt/vol) milk powder (PBSTM) for 30 nyin at room
temperature and probed for 60 min with specific primary antibodies against rat phospho-Aktl
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(mouse, Santa Cruz) or rat Bel-2 (nmouse, Sigma-Aldrich), diluted 1:1000 in
PBSTM After washing extensively in PBST, the blots were probed by

hor ser adi sh per oxi dase-coupl ed anti- nouse |1gG (Amrersham Bi osci ences)
(1/1000 dilution in PBSTM 60 mn), extensively washed w th PBST, and
devel oped by chem | um nescence. Biostatistics: Al norphonetric data were
collected blindly. Results are presented as nean SD conputed fromthe
average neasurenments obtained fromeach heart. Statistical significance
for conparison between two neasurenents was determ ned using the unpaired
two- tailed Student's t test. Values of P<0.05 were considered to be

Sﬁe i ?ni fi cafiousd, Bantﬁi@fdzmduaﬂghlaﬁ(maﬁ@g&gﬁlh@ﬂ&ﬁ }n d?jlﬂteérl] mflao@m@msmgl%ﬂi um
eferrin tudi es reveal ed that many vessels were
new y fo?‘i%sg SO Bﬂ‘éﬂ%\ﬁ‘ﬁ)ﬁhe%h Of Eerp o ?C\:}’Zﬁ’?b‘ﬁ’é"dlsh ﬁ%‘l@iﬁ’éf‘%ﬁw?ﬂ}l@ agbint r al
areas andmbize I@@(Aiﬁérslﬁﬁf@%scﬁﬁhcéﬁ?ll{/l/ Ropaghtion iR bBETI 9@111§r5 | &ten%vél} wasbgre the

newy for se to by red arroWneads Some of the newy
formed ve g@%?é%gaﬂe{ Wﬂﬂm%ﬁe’é‘@l | s and ot hers were still at the
early stage OfBzo.sTtnfB@t:d&eﬁﬁ%{o gRARRlalviire dENALPRIRNL RARES G sas a

| umen |ike structure wthoﬁlﬂfl l1ing of blood celﬂ{s T?\e ? éiﬁ)’el‘ﬁ ary density

in the i el enmpuist f{Oﬁeth%verafgea@wrm@abmmdﬁmadnheaavﬁmgml 18 (183 9)

filling wg gnhﬁ

cal cul ate r%@? goﬁdj aﬁﬁ@%gtevféeé ?V%mg%gj\?vﬁigﬁ QYV%J &geﬁﬁﬁenésgﬁg &FH@’ des
from 15 Cailadrdedents t tsb Afeluss ofiPWellp ‘2er¢ BinGider2d tolbe. sighificanint r ast ,  f ewer bI ood
vessel s (52.1 per HPF) with an inflammatory cell infiltration were

observed in the inf arct zone |n t he control nmyocardi um on day 2 post M
(FI G 2: IR)Ga-induces ravasenla earl gtayrditapost M, the newy formed bl ood

vessel o 111 koMl Dhe kG IR DS (a1 00 I qugbaul e Lo

C ﬁ ntr afst thiohghoubiht eatire s mﬁe Sehudng theadetryl af)ell‘as Q&&H@b&rﬂiﬁ:&aﬁs be Hﬁﬁ?ﬁi‘s‘? nt dOf
the infarg ew qQod vessel s 2 at 7-day
post i nf a]rltf: |onwﬂ(ﬁa2;q ’évrﬂe?f)t qﬁ&“ﬁ‘i § ?‘%P?*“‘BTIB%‘%YI%%TFW%“S SABAst r at ed
that the of@m—newmmaﬂhdnemam@muezammw delld Bhd2theROMES st Dat il 3f dﬂtfgé of
rryocardl m was concomt accagpsE ied with the up-regul ated gene

expr essi 6Hs B Vﬁﬁ?—“ﬁé‘ﬁa ?)‘ff’ mept ¥59ei8 B dppRTEke siadite Withew dilling ofhe

expr essi biwwdablsyEGE-capinddnsityn ifaeniaR: zdn@ %Pfh@ @a'ﬂé%@ﬁf}b&éﬂlm s bficr eased
to 1.8 and 2.2 f }l’is respectivel FIG 2: & 6, T) Conpared wth their

expr essi &ngag%l 3. Drfdleauitnkl § e o8 @@ﬁﬂqﬂ@ﬂﬂ"@qﬁ@tmﬂ(ﬂﬁs ®rHPF. 5 & 6, Q

9 calculated from 8 randomly selected view fields on each of the 15 slides from 15 Ga treated
hearts on day 2 (FIG. 2: 1). By contrast, fewer blood vessels (532.1 per HPF) with an

inflammatory cell infiltration were observed in the infarct zone in the control myocardium on
day 2 post MI (FIG. 2: 2). In Ga treated hearts, on day 7 post MI, the newly formed blood
vessels filled with blood cel_ls remained (11+3.6) throughout the infarct zone but the lumen-like
structures were not observed (FIG. 2: 3). By contrast, the control samples showed mainly
fibrous tissue replacement of the infarcted myocardium with only a few of blood vessels (3+1.2)
at 7-day post infarction (FIG. 2: 4). RT-PCR and Western blots analysis demonsirated that the
Ga-induced revascularization within 24 hows in infarcted myocardium was concomitantly
accompanied with the up-regulated gene expressions of VEGF and bFGF in the corresponding
‘heart tissues. The expressions of VEGF and FGF in the Ga- treated myocardium were increased
to 1.8 and 2.2 folds respectively (FIG. 2: 5 & 6, T) compared with their expressions in non-
treated myocardium of control group (FIG. 2: 5§ & 6, C).




I11. Ga-enhanced survival potential and reduction of infarct size Referring
to FIG 3, seven days after LAD |ligation, the nyocytes at risk al ong peri-
infarct rimof the controls (FIG 3: 1) showed distorted and irregul ar
shapes conpared with the nyocytes at distal part of the heart. By
contrast, the myocytes at the peri-infarct rimof the Ga- treated hearts
showed a regqul ar shape (FIG 3: 2) and the nyofibers renmain healthy and not
as narrow and thin as in the non-treated heart. Wth the staining of
TUNEL, it was found that nunber of apoptotic nyocytes detected in the
Ga-treated |left ventricle myocardium (FIG 3: 2) was approximately 3-fold
| ower conpared with the non-treated controls (per high power field: 1.70
0.18 versus 5.04 f 0.75, P<O0. OOI FI G 3 1) These di fferences were

parti cul abl-ydaesnhapogd suryj 1 eniish andoes farct sizen  where the irregularly
shaped nyocyt f apopt otic
nucl ei , whi chef%\/\?ef%@n tal ne er@%%l? e§{“ Rﬁq@{aﬁ%’ 3%6’%‘3 er%scﬂgl%ﬁg?f ver

observed wfartirén pEthe contfoler (F1G3: 1) stmhé dlstoktadlaitdheegtn}ansl;apesccmlmtedhwtﬂldﬁ he

cur roundel By LRS! e B4 ook AL e B AR PRl 2R e B

t he i nf ar reatebmerinfhotad a Gaular shape@IGeir) snd By moﬁuermmmnﬁegthyfamtmwt y | ower

density of_capil I rie nd m)r nucl ei ser n t he
non-tr eat &4 he tﬁ‘m&fﬁ} n%iotﬁaeg%gﬁft‘ﬁﬁ)hﬁﬁ“ fW&sﬁ § ndi cat e
t hat the mngbo@fmmeioic mydcgmdleﬂa@ted‘ﬂrthas Gaitraaért leprenetls ﬁ@o@mﬁﬁt(m&i 3oy

pro- apopt ot i rocess

d i al d F
survival B ?ﬂﬁ’g xRy 3 fﬁ&#ﬁ%‘ﬁ'f?@ %Fﬁ@g'rt}ﬁﬁc%t ‘gjlnlfr 1gﬁp9 ki
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oeermn et her e uceal- optotlic e ec on e VI abl e
yocyt o6 HRERGRP RSt g her M SR B s e b e core! b bel e,

west er n bhighest aiabey 8T SpopRtienidd fWiisPdere khind@Broda mﬂﬁfofﬂateagoﬁt&@tnua@amre
Ga- i nduce V‘ctgtl on, of extendi ng {)ro apoptotic ‘Brocess of heart tissue

at risk éwégﬁ FPeriiars nmgathsrthan héal?BW?Srsﬂ&tﬂé 8 infapizoak FrdkdmeRs of
key survi Mgﬁxﬁéﬁﬂy Qigher dEAQLyDX BipﬂfaﬁbQﬁﬁroQﬁdeﬁ“Bg khe rﬁﬁ)kﬁes With Auch'] %?s%ﬁaslptﬁﬁ;ﬂ

(FIG 3: 4, T) were increased ds’ respective conpar ed

with the Wé%ﬁlfwaﬁ faygg isthe H‘f%fﬁéoaféﬁth%ﬁaﬁﬁmﬂoh@@ﬁ By Csllt&SMSngﬁcﬂnﬂYéﬂVGér to
i nvesti ga&&sfe@@msmaﬁa%a %f&@éﬁ%@ﬁucyél %@l BR-RALH Bl 18 %ucega %eaﬁ%ﬁhmogyt es

and endot hel’ al eri-infarct zone in
result i ncqﬂéféh@f)lllb rT Oéfffhﬁfﬂh%ﬁﬁéfwﬂtssméléﬂte thathp piziogenesisiindusedlby @a—fr@aémeﬂt ani mal

groups Wefky éﬁ?@isdnﬁreﬁgndxﬁ% ?ﬁr@%}oﬁ&rg&% m?b’o rngo %r | Cueﬁ&@tﬂa{ai L8 ano&kdas

col I agenous deposi tion ti'ssue nyocar
defi ned bsurviNglsdsdrs ‘@abhmmmmdﬂlémth@hams Within4be peni-infaret zoweasatl ed by Ga

(FIG 3 @n‘seq%@ﬁfgqfnﬁgw\éﬁ &poé?dlzﬁ %é?cn&&? In order to determine whether the Ga- induced anti-

apoptotic effect on the viable myocytes at risk was through expressions of anti-apoptotic

proteins, western blots analysis were performed. It was demonstrated that the Ga-induced
prevention of extending pro-apoptotic process of heart tissue at risk were concomitantly
accompanied by increased gene expressions of key survival factors. The expressions of Aktl
(FIG. 3: 3, T) and Bel2 (FIG. 3: 4, T) were increased by 3.3 and 2.8 folds respectively
compared with the heart tissues in the control group (Fig. 3 & 4, C).

In order to investigate whether the increased survival potential of the viable myocytes and
endothelial cells within the peri-infarct zone induced by Ga would result in reduction of infarct
size, the infarct sizes of different animal groups were measured. As shown in FIG. 3, the mean
proportion of collagenous deposition or scar tissue/ left ventricular myocardium (as defined by

Masson’s Trichrome stain) was 27.44% in rats treated by Ga (FIG. 3: 5), compared with 39.53%
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for those in the control group (FIG 3: 6)14-day post infarction,

i ndi cating that Ga-enhanced survival potential of both nyocytes and
endothelial cells significantly increased the mass of viable myocardi um
within the anterior free wall of left ventricles. The Ga-treatnent-induced
reconstitution of damaged coronary vascul ature and reduction of the infarct
size were acconpanied by significant functional inprovenent, as
denonstrated in the echocardi ography neasurenents where, in conparison
with non-treated control M hearts on day 7 and 14 post infarction,
ejection fraction (EF) of the Ga-treated M hearts was significantly higher
(55. 68 f f@.tsge usthel@on®pl gr@up?@‘IGFB :G)M-aﬁhg)ponmfeiayonz indfatingthepGfdnbantd y

fractt on SHaNp e R psBosts g ofioRPun ol ot EPe e Sl 1)

hi gher (2¥iaBB niyotariBmwseitiPthé iﬂ;t&m(ﬁ'?free Rratt oDleft VEntficled] A¥e GadackmbRiSinduced

significa lfACT e sed 29.87:3:2.66 vs, 2 P, = 0.002) on day
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conmpound akRaREY20 geds 8k Lher 3y 208a abw@ Ohlagy gpmpound from nat ural
resources such as plants or by chemcal sSynthesi's, various pharmaceuti cal
conposi tions or formulations can be fabricated from partially or
substantial |y puig IS hd f gevel oped
processes in the |?\1§13g@?weu ecl ?sgféiélﬁ%ggg%;%@hgg@%ggﬁe O up %g!#%g e%tl cal

f or mul at | psesaipes ofoFHgeanddF ﬁiE 11 qady egpustjtutibn of tload slupplvme,tdzotln indtgitd et ,

capsul e, _ n t of the
mvent | on® T s ookl eI, SPHRAIRS SR R B oLt ca

i ndustry w@omawtﬁs et ik, a}d}blnylgmg alomb significant ﬁngromelemﬂﬁremastoﬁhﬂeﬁl@dmed in the

d f I f
or i nary SeFRE pREARkAEGe L UCCRPRI AR ARG ol bERPR R A hnBEteS (o

better sumgditine id the treatment of 1schemlc heari diseases.

IV Manufacturing Pharmaceutical Compositions and Their Uses in Treating Ischemic Heart
Diseases In Mammals

Oncee the effective chemical compound is identified and partially or substantially pure

preparations of the compound are obtained either by isolating the comi:ound from natural

- resources such as plants or by chemical synthesis, various pharmaceutical compositions or
formulations can be fabricated from partially or substantially pure compound using existing
processes or future developed processes in the industry. Specific processes of making
pharmaceutical formulations and dosage forms (including, but not limited to, tablet, capsule,
injection, syrup) from chemical compounds are not part of the invention and people of ordinary
skill in the art of the pharmaceutical indusiry are capable of applying one or more processes
established in the industry to the practice of the present invention, Alternatively, people of

ordinary skill in the art may modify the existing conventional processes to better suit the
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conpounds of the present invention. For exanple, the patent or patent
application databases provided at USPTO official website contain rich
resources concerni ng maki ng pharmaceutical formulations and products from
effective chem cal conpounds. Another useful source of information is
Handbook of Pharmaceutical Manufacturing Fornul ations, edited by Sarfaraz
K. N azi and sold by Culinary & Hospitality Industry Publications
Services. As used in the instant specification and clains, the term "pl ant
extract” means a mxture of natural occurring conpounds obtained via an
extracting process fromparts of a plant, where at [|east 10% of the total

dri ed masgohBoudd SRS hrbdeBCinGANBL WaESambl, Bk Pﬁént\ﬁ%:ﬂélt appiiRhidtdagldseact does
not nean an 1dentified cogound subst ant 1 al purifjed fron}lt he Iant The

ext ract i ngropidse e54SIEQ pifie wybﬁtﬁmtwgcfaregqugés SCTTRIRE P ITg P %rwafﬂua
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predetermnned | ength of tinme, optionally separatl n& the solution fromthe
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extract, ({;%de Giﬂﬁﬁﬁrr& %%dlﬁﬂ?ﬁﬁ&ﬁsmh&%ﬁ%ﬁ@ésr ation and/or partial
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Mechani s menepdpeditOifREHERE SeatchdBiject 8 OEfdtclivdddbes willdary, as recognized by those
skilled in the art, depending on the types of diseases treated, route of administration, excipient
usage, and the possibility of co-usage with other therapeutic treatment. A person skilled in the art
may determine an effective amount in a particular situation using conventional method known in

the art.
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While there have been described and pointed out fundamental novel features of the
invention as applied to a preferted embodiment thereof, it will be understood that various
omissions and substitutions and changes, in the form and details of the embodiments illustrated,
may be made by those skilled in the art without departing from tbe spirit of the invention. The

invention is not limited by the embodiments described above which are presented as examples

only but can be modified in various ways within the scope of protection defined by the appended

patent claims,
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13 WHAT IS CLAIMED IS: 1. Use of a conpound with a backbone structure of
formula (1) or a functional derivative of said conpound in the manufacture
of a nedicanment for treating an ischenm c disease in a mamualian subject.
OH HOHOHOH'... HOOI0 OQyz HOCOOXZ \ OH™X0 ~O0OCHZ 7 HO OH O C
\' H{ H GWOAT -CLAMEKILO \\ OHOH OHOHOH HO\ OHHO OH OH OH CH HO
OH HO OH Formula (1) 2. Use according to claim1, wherein said conpound or
functional derivative exerts a therapeutic effect by revascularization in
an ischemc or infarcted heart tissue of sai d manmalian subject. 3. Use
accordi ng t,0 revasc at i occurs Within 24 to 72
hour s fgl I USJ; Qfam,o%qp Y}}{EﬁvﬁP %%agffog%f %HB“@RD g‘t“fcgﬂléaﬁ derivative.
4. Use acc Bsaé‘f‘é(flﬂ?oimd satfﬂgjr’r?aéneﬂf HERDER | scheni ¢
heart di seél%c Efeiasr?ﬂnfl %;imSB Je‘Eﬁse according to claim1, wherein said

I schem ¢ di sease I s caused by atherosclerosis of coronary arter| es. 6. Use
of a compound with a bagkbone structure of fornmula (I) or a functional
derivative of said cegpsund |n the manyf act ur e of a nedi ca -' for

revascul arization in @ ;
subj ect .

Formula (I)

2. Use according to claim 1, wherein said compound or functional derivative exerts a
therapeutic effect by revascularization in an ischemic or infarcted heart tissue of said
mamimalian subject.

3. Use according to claim 2, where said revascularization occurs within 24 to 72 hours
following a treatment with said compound or functional derivative.

4. Use according to claim 1, wherein said ischemic diseases is ischemic heart disease
or limb ischemia.

5. Use according to claim 1, wherein said ischemic disease is caused by
atherosclerosis of coronary arteries.

6. Use of a compound with a backbone structure of formula (I) or a functional
derivative of said compound in the manufacture of a medicament for revascularization
in ischemic or infarcted myocardia of a mammalian subject,

7. Use according to claim 6, wherein said compound or functional derivative of said
compound up-regulates expression of VEGF and bFGF.

8. Use according to claim 6 , wherein said compound or functional derivative of said
compound is injected directly into tissues in said ischemic or infarcted myocardia.

9. Use according to claim 6 , wherein said compound or functional derivative of said

compound is delivered to tissues in said ischemic or infarcted myocardia via oral
administration.
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7. Use according to claim®6, wherein said conpound or functional derivative
of said conpound up-regul ates expression of VEGF and bFG-. 8. Use
according to claim®6, wherein said conmpound or functional derivative of
said conpound is injected directly into tissues in said ischemc or

i nfarcted rmpoUss sticerdingto Chém 8CRBEdInRGidlcompb@idarGundtbfileielvaniedf s@dpound or
functional cggpbwattis UgivRedtatithues RIRARMEGelndc HShiay@sEdydQrdid $gues in said

i schem c Orsul!)dﬁtaﬁé@lfs(?ﬁ eEVRC Al hRs it ngééﬁon R dVeRbdsahfuQidn. 14 10. Use
according to claim6,” wherein said npound or functi onaf1 derivative of

sai d corrpqtlmgséa% éjrﬁ \{er ed todtl ) ues n sa ta%fgn l@@ fn adr ct ed
d Ubcu pre ] & Y WFieet yiont
m?(rzg\r/elngu\éﬁqﬁﬁﬁg?tdﬁl dﬁj@glﬂg% di ng to any precedi n]; claim vvherel n at

| east 95% by wei ght of sal d msdl canent is identified conpounds. 12. Use
accor di ng 14 ERACHTAREE ARy RPedine ey wheremspid comppanshis spid bselitenpackbone
structure Sredye itjglf wibeutsubssitutiont i on. 13. A conpound with a backbone
structure of formula (1) or a functional derivative of said conpound for
use in treds.iAgompoundctitnd backiberageacture o formiie(]) o Sutjeal daieiasof for
revascul ar s@@topound fHrSeB eiir€atRg ah eBéBicRibeideas ahehindnAfandubRArmb0AN

subj ect. i fdp rék%sculanzatlon in ischemic or infarcted myocardia of a mammalian subject
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