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does not seem to be any natural occurring repairing process capable of generating new
cardiomyocytes to replace the lost muscle cells. Instead, scar tissues may replace the necrosed
myocardium, causing further deterioration in cardiac function.

Therapeutic replacement of the necrosed heart tissue with newly regenerated functional
cardiac myocytes is a treatment ideal that until recently has been unrealistic, because cardiac
myocytes were considered to be terminally differentiated, or in other words, the heart is a
postmitotic nonregenerating organ. This dogma, however, has recently been challenged by
Beltrami et al, and others, who reported that a population of resident myocytes within the
myocardia can and do replicate after infarction. In order to promote and improve the repair for |
infarcted myocardia, transplantation of cardiomyocytes or skeletal myoblasts has been attempted,
but has not been very successful in reconstituting functional myocardia and coronary vessels.
Transplantation of adult bone marrow-derived mesenchymal stem cells (MSCs) for cardiac

repair following myocardial infarction has resulted in some angiogenesis and myogenesis, but
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who thought myocardial regeneration would represent a promising method of treatment against
heart diseases.

The prior art seems to teach that there are three major requirements critical for
regenerating functional myocytes in the entire areas of infarcted myocardia: 1) increased
viability of the transplanted cells so that they may survive through the absolute ischemic period,

that is, the period from injection of the donor cells to formation of new vessels; 2) early

reconstitution of the damaged blood supply network in the infarcted myocardia to sustain the
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Furthermore, as a therapeutic agent, the compound of formula (I) may be in a form of
“functional derivatives” as defined below.

It is contemplated, as a person with ordinary skill in the art would contemplate, that the
above compounds may be made in various possible racemic, enantiomeric or diastereoisomeric
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,
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The pharmaceutical composition of the present invention may be formulated in a way
suitable for oral administration, systemic injection, and direct local injection in the heart or
implantation in a body part for long-term slow-releasing,

In another aspect, present invention provide a method for treating or ameliorating a
pathological condition in a mammal, where the pathological condition, as judged by people
skilled in medicine, can be alleviated, treated or cured by regenerating functional cardiomyocytes
and where the method comprises administering to the mammal with the pathological condition a
therapeutically effective amount of a compound of formula (I) and or its functional derivatives.

In another aspect, the present invention provides a method of regenerating functional
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understanding of the invention, its operating advantages, and specific objects attained by its use,
reference should be made to the drawings and the following description in which there are

illustrated and described preferred embodiments of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 outlines the process of isolating Niga-ichigoside F1 (referred to as “CMF”) from the plant

of Geum Japonicum as an example of making the compound of the present invention.
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refers to the base conpound (or backbone conpound)
of the present invention. Its chemical structure is

{8 i b 1) Rk Mdagl.

ri6.5 s R e R ot U SRl e GG B SRR e,
be prepared fromplants, although it may possible to

an. exanple.fao

FIG.6 shpp fleeh bR bERE O d et MR e R AR ips uced
by condifibdniium.al resources, the follow ng provides details

involved in CMF' s isolation and purification from one

pl ant species, Geum Japonicum her plants that my
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1. Experiment Procedures

"All protocols used in the present invention conformed to the Guide for the Care and Use
of Laboratory Animals published by the U.S. National Institutes of Health, and were approved
by the Animal Experimental Ethical Committee of The Chinese University of Hong Kong.

For the following discussion, CMF refers to the base compound (or backbone compound)
of the present invention. Its chemical structure is defined by formula (I) shown in the above.

Obtaining Compounds of the Present Invention: The compounds can be prepared from
plants, although it may possible to make it through chemical synthesis.

As an example for illustrating the process of preparing the compounds from natural
resources, the following provides details involved in CMF’s isolation and purification from one
plant species, Geum Japonicum. Other plants that may contain CMF or variants include, for

example, Acaena pinnatifida R. et P., Agrimonia pilosa Ledeb, Asparagus filicinus, Ardisia
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Cedrel a sinensis, Chaenonel es sinensis KOEHNE,

Debregeasia salicifolia, Eriobotrya japonica calli,
wErioohet3sya j aponi ca LI NDL. (Rosaceae), GCorei SPCT/CN2006/002885

Leucoseptrum stel lipillum Ludw gia octoval vis,

Perilla frutescens, Perilla frutescens (L.) Britt.

(Lam aceae), Physocarpus internedius Potentilla

mul tifida L. , Pot eri um anci stroi des, Pourouna

o AT R PR )P Ty 5
Cedrela Jitkai6is &Eha@h’&ﬂ&eﬁlﬂﬁﬁﬁflﬂbEHﬂE@éﬂrege‘Rﬁb yslicifoliegiréutioarns ja§0n1ca
Rubus cor eanus, Rubus inperialis, Rubus i iy Ial [ i -
calli, Erighpifye japenica LIFRE adoseoeae rngQB% hi; Lepraseqtium Abigylim, Ludwigia
octovalvisagé?macfHﬁescaQ‘él Ml thiitbdGR (E‘)erﬁta (IRnkiacdas), Qﬁfrdoaarpus intermedius

sta, Strawberry cv. Houkouwase, Ti arel
Potenullmmmdylu L oteviehyrsigropsize) Foutouma gafaneusis (Mma%ﬁ» Rigponticum

umﬂorurﬁ,c%?_s)a ]b%:lganmi‘{gledh Gt Wll%okggd lg&fé%{t Wh(}' R{}%éorgg% h %@%S%gceaefohus

aponicum erring
Poir, Rulpllsaﬂiéglmﬁleﬁ?ﬁ‘suﬁlmul 9 norearms cRiHue dhysatiatis, Rnb@sl im;bﬂnialipﬂbmm n%ahl.

I na Auygust was.dri Ok col at e
(Rosaoesgy. DY OF W N B A OO IR B aS B BofeSr & o
StrawbefrVe € Houkb@w &% ! Tiafella W phARD VO sidpcisips Evatetic] Zdnth@(ylum

yield a soli d residue FI kg). The solid residue was

piperitungyfpended in 10 liter H O and successively partitioned
with chloroform (10 L) twi ce, then nbutanol (10 L)
twice to produce the corresponding fractions. The
Isvldivranf otrdia@iyoBynis Bictdy| (€M) fiori Gevmieagofickm eRefgrringdo FIG. 1,
spra O~V C
the plamva{: ceﬁmv(é% G coﬁ{%&g,g rotm (t}ﬁlezﬁéud%rg‘é@? oL lg&i& ﬁ'll %\WB was dried
(10kg) afidl berddlatee V\dﬂhr"/lﬂ)l"/@@ﬁmcﬂ ( I:DOfLD er remhﬁahp@atum‘foi\/&ﬁsysi twiaeelhe

culture in way descr d bel ow, | sh t.hat
exteact SSQRGHSH SWSPIBY L7 QOUTI0A LGB R TER b i es
suspend&{ ﬁ&' lof 1RSI h daREe B A6l Paifbieddiitt @@oFdrmt (il onL) aface Rken n-
tured MSCs in cell culture systens. The GJ

butanol feraIdttwm tQuaEpdHpretie agrmsp@aﬁueﬁ]fr%eﬂe@# i nd?fut@@b(%'d%)(soluble

fraction ué's fleRAYhd HRLAS eyﬁéli) ég rgln%QcT/ 913k er ARl WhitH WistBhfirmed
Nncr easi ng conc ti 0] anol I n wat er,

for thelrrsescmﬁclahl@ty'm ‘smracltatemaedlogsnw@ﬂferema@n Bf WISCAih c¢lheulture in a way

descnbe%ééfogﬁg |I{ L%C é\(?rrl] ?he:g\ﬁ buKléleFSO?%lef ct1 Rg(l]f-Bﬁgc%le 'e}xl%/fm@%{h?

proliferdtica@hd edrdBgyves diffesdntiatitn vithe Eulﬁl.‘HTIlGMSCEI@ ctdhlre:itltﬁre systems. The
GJ-B fractlrog Ivv%g ‘?hre]:h ca:tppdlI1efdfo(:f‘1raec% le?rtx Iofo ergadex LH-20 equilibrated with 10% methanol
and eluted with increasing concentration of methanol in water, resolving 7 fractions, GJ-B-1 to
GJ-B-7. All the eluted fractions were tested for their activity with MSC culture systems. Activity
test demonstrated that fraction 6 was most active in enhancing the cardiogenic differentiation of
cultured MSCs. From GJ-B-6, a pure active compound was further isolated, which is referred to
as CMF through this disclosure. CMF’s structure was determined by NMR analysis and
comparison with literature, and shown to be of formula (I).

Preparation of MSCs for transplantation: The MSCs wete cultured with CMF (10 pg/ml
in growth medium) for 6 days. In parallel, the control MSCs were cultured in growth medium

containing equivalent volume of 5% DMSO. On day 2, expression of endogenous phospho-Akt1
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cul tured MsSCs. From GJ-B-6, a pure active conmpound was
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were renoved from Spragu
pemctlllb’@fm@t@mymm\ﬂihé By wmaﬁaofrdmgbemxed: andéentrifa gérbatelsS 00 ik for 5

d|u I ni % h acti vat ed
minutes. THY Al RRPTLERT bt stsPib ity oo oormt T s
carefullyt fre oo gl Bicol sobdioa radd cantifuigégendo aprg ffgtoﬁ) xlhﬂfﬂﬂl@ Becand layer,
suspe ed.in

5 wt h
which GBI TSPl Ve s BRG dniodrbe g B s i PR o e
Ficoll (1B0® @I fo? 8hkkhines). ?Moe@]egaléﬂ &é&%ﬁsﬁénd&% MﬁM &ﬂtu?é%néﬂxan

The second | ayer, which contai ns BM cel
containing F%4 Fiedt insgtivaiechi RS @Wélwde(sp@ucnﬂuv{s@epmmmmm

mlxture.rﬁl]ﬂ%?\iﬁ hgﬂxrg %Lllturé ?1?9 Q7Jcp n};lﬁba bg)ﬁethﬁga?-aﬁﬁxerent cells are

was resuspende d

dlscarded and thie Rdlrgert @%d‘t&abultmablﬁy &ahgdg EB&M&G@)@%M@B’%T the
clls bRkt At R b Sl b o g oo

MSCs int@8 fARR@KL %1&1‘%4@ uSdSoinS5Rs SR0HIRL sEd?ﬁesQ:@H@Jc%tm the present
cells are cultured by changi ng nmedi um once every 3

disclosuggays and the cells becane nearly confluent after 14

R Bl UL T 8RBT g LTl 8o
preparedanyolysing thie wellswitll el&nes packed celtlvolnme b€ lysisdséict (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 1 mM sodium orthovanadate) on ice for 30 minutes. Protein
yield was quantified by Bio-Rad DC protein assay kit (Bio-Rad). Equal amounts (30 pg) of total
protein were size-fractionated by SDS-PAGE and transferred to PVDM memibranes (Milliporé).
The blots were blocked with phosphate-buffered saline plus 0.1% (vol/vol) Tween 20 (PBST)
containing 5% (wt/vol) milk powder (PBSTM) for 30 minutes at room temperature and probed
for 60 minutes with specific primary antibodies against rat phospho-Akt1 (mouse) or rat MHC

(mouse, Sigma-Aldrich), diluted 1:1000 in PBSTM. After washing extensively in PBST, the
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di scl osure. Western bl ot analysis: Wole cell extracts

of the CMF-treated cells or control cells were
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pretrea

he "heart 'tissue: rague-
rats were [gjpgted witspn eﬁlavéelwt@ﬂ@uwfs@é)lh}@éelad nomtieated cwr@é&ﬁﬁgézﬂ rats)
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was perfarnted aypehoirtt ohBdigatien Sodeenivats aibj¢d @0 nafrkainent were bettae dormal
and mechanically ventilated with roomair using a
Harvard ventilator (nodel 683). After a |eft
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per manent |igation_ of Ieft anterior descendi ng, (LAD)
experlmeggﬁl Bl‘qa,oy gyﬂ@pg, dayrHbpast-infargison-gfier psggesmegt of their heart function by

echocard% gﬂ? S AL R VEERS hede df %’ie%)acﬁfﬁ@egqgtg Sfdrd RnRAkd %sl\lﬁﬁﬁth

into three sites of the distal nyocardia (t
PBS and |pb@thgmphedrr@g:egﬁn\)elxofAlt the speciyaans diawvested yererpaeaifiacmbedded pnd

secnoneatr g&?g%{ggéﬂe%%ngfgﬁg g)"flf,ér\tﬁ%k&n{ntaﬁ&{ oigcre%é?man{ I?i%{x qgﬁ‘%?{ze and

han equi val ent anoun
regenerali@befl reybcaniia. (f tha tepdnaatintgrcells WBEDI] Pasitiwd, $Yrther MHC

immonohistochemical staining was performed to confirm their cardiomyogenic differentiation.

control.

Colocalization of the Dil label and cardiac-specific marker expression were examined
with a confocal microscope (ZEISS, LSM 510 META). Briefly, the sections were
immunohistochemically stained with rat-specific troponin I antibodies. The confirmation of
cardiomyogenic differentiation of the Dil labeled transplanted MSCs forming regenerating
myocardia was carried out by merging the Dil-positive cells, indicating their donor cell origin,
with the specific positive staining of cardiac terminal differentiation marker-troponin I using
confocal microscopic examination, implying their cadiomyogenic differentiation of these

transplanted cells.

CMF direct treatment in MI model: Thirty-two SD rats were randomly divided into four
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of cardl onyogenic differentiation of the Dl | abeled
were set@p RIS &¥9EBd MSCs forni ng regenerating nmyocardi a was

5{&*0%’51 ﬂéﬁzuﬁ%a%?ﬁﬁf&cﬁemﬁr PPAtezPPﬁbﬁz'M‘%'sC@J dther cells induced by

icati ng their donor with t espeC|f|c
CMF: TlpmMSﬂs \mresttr@atw wigh dPugdal @wcfon: h@qﬁaro wiiveteupieeylaieissns

expresslg‘ﬁsraﬁ rthe;t Ivg%?l@dl &o%ou#ﬁlgrf? F1 ?r%]; Q&yug%fglg\gﬁ F’l?l%h G ml of fresh growth
medium Gvak faddeirtd itlat dubtarecdndtch léemedtaﬁan &mﬂmn Beldysef ¢udturig/he collected

di rec eat nen
med‘umr"‘éﬂﬁﬂ ﬁ‘ir?fi @i %?.C&%‘i‘“?%etdd“?d&u? S‘k“& gl Oftéép dl\{wm@%?rga%?l%s am
condensgd RUvolédEof I aal £ vek kgl a@fadreﬁ@lﬁbnt Bget Bdthe aedrt infar@ioa upimal
rats each). Rat s wer e nest het i

model a§ deseriprshabpwh @dfeﬂpfe#feéﬁéf‘r hprpotoRy aﬁgf E@‘}O“ ?fmé%?é’al of the

cond1t|oﬁ|5ak§jvar g&s&géﬁtqﬂeg%ég }Ylﬁl?xgalh@tngto\lﬂ)lé. lﬁzt:;aggiﬁ &f l[gaﬂﬁﬂl Foes@ growth

medluthracsma@cbasmwtrOhyocar dial infarction was i nduced by
B
for bond@a@ﬁ)ﬁraﬂ@:kantaﬁon Recipient rats were irritated by 9.5 Gy of gamma 1rrad1at10n
from a 137Cs source (Elite Grammacell 1000) at a dosage of 1.140 Gy/min to completely
destroy the bone marrow derived stem cells of the rat. Dil-labeled MSCs (2x10° cells suspended
in 0.3ml PBS) were then injected through tail vein within 2 hours after irritation using a 27-
gauge needle. One week after irritation and transplantation, the rats with Dil-labeled bone
marrow were divided into two groups: one to be treated directly with CMF and the other as
control without treatment. Heart infarction surgery and treatment scheme were performed as
described above. The experiment was terminated on day 14 post surgery and treatment for
further assessment. Heart specimens of the sacrificed rats were obtained. All the specimens were

traced for Dil positive cells and their cardiomyogenic differentiation by immunohistochemical

staining with specific antibodies for heart type troponin I (Santa Cruz) and PCNA (Dako).
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wabdogn43he | i gation (CVF-treated group). Anot hRCT/BN2@E@b6/802885

were injected with an equival ent anount of 5% DVMSO at

the sane location and timng as non-treated contro

group. For shamischem a, thoracotony was perfornmed on
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any treatnment were set dit d
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digitized @WHI;‘@Q %ﬁ‘?mﬁﬁ’épslque‘%ﬁﬁeéﬁ“%? %W‘C@YZH‘@' Yﬁlmf‘ﬁ at Hhnfor (mm’) of
a partncul%:os%?ﬂufrf \9&%@1(:“?&@&?%% hO RS JERREGica i BleW olukhd of hﬂarcted

part I gation. Fresh growh nedi um was used
tissue forall seasions were Adedtorpeld dw teiebyelemprefithepiaret forieaghppagiicuipr heart.

s SRR SRR AR, one, voed T bone
Aﬂgf Senfe ds¥esSiher@ amirgarct fegidnaVasenlaf dewita whs d&srisioed @reday 7
st o S TIRC ey 1900 By R 5AR et Ry BB
using a llgﬁt &#&Fos&ﬁ‘k unBd ik 1ppek @ die MIEPF) @XJOG)BSlﬁehﬂcB)rrSMﬁipﬁ)ndﬁdrlappmg
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HIPFs within e mlzrchiGl svers ¥eed Amepv i elmenty fogmad pesselg i gh section of
a5 G ol S ettt ome
number ofn/tessetswer IdPBups. one to be treated directly with CMF
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ligation \ggr% stained (\)Nslgh I%%% %? gn%/ogirrl eévryec 1alnP(lQ/h-Ié) antibodies to identify the
regenerating myocardia. Specific secondary antibody conjugated with alkaline phosphatase was
used to visualize the positive stains. Briefly, paraffin-embedded sections were microwaved in a
0.1 M EDTA buffer and stained with a polyclonal rabbit antibody with specificity against rat
Ki67 at 1:3,000 dilution (Sant Cruz Biotechnology) and incubated overnight at 4°C. After they
were washed, the sections were incubated with a goat anti-rabbit IgG secondary antibody
conjugated with alkaline phosphatase at 1:200 dilution (Sigma) for 30 min, and the positive
nuclei were visualized as dark blue with a 5-bromo-4-chloro-3-indolylphosphate-p-toluidine-
nitro blue tetrazolium substrate kit (Dako). The immediate neighbor sections from corresponding
paraffin tissue block were incubated overnight at 4 °C ina 1:30 dilution of rabbit anti-rat MHC
(MF20, Developmental Hybridoma Bank, University of Jowa) antibodies, and further incubated

for 30 minutes at room temperature in a 1:100 dilution of peroxidase-conjugated goat anti-rabbit
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wrdo7pessti ve cells and their cardi onyogeni c PCT/CN2006/002885
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iled were u or tin d.v
performechugaich S oo i Cassae Mree D i | PSSR BRC,

transdu&f "[‘h@%ﬁé%{ §f éx c@f6htaliRh Was sRmed &ﬁ@%lﬁﬂﬂwes(sﬁfua&ﬂeldt}ﬂmpme
unber vessel s per HPF. Assess

pos1tlonr<mgee\wmatg mg BaEdinale elastEndgs werease QF%ﬂcard‘%@’hy was
recorded Slgateﬁ' O rof lé@%ﬂe g@l%g EMen RE ek rn?eﬂ{a?gat MRER =4 Eﬁﬁlﬁ%@m ed

non-t transp anted groups on da
echocar@mgtabhghﬁfore nhenvsxperiseatahpdcaguten Twpegmgmmwbgmﬁecﬁ%myde and

oo ST Rk s RIS g
axis vieMs Kidfi RatriRiRS ghvay aﬂ%ymﬁc and end-diastolic dlmensmns, as well as systolic
and diastolic wall thickness were measured from the M-mode tracings by using the leading-edge
convention of the American Society of Echocardiography. LV end-diastolic (LVDA) and end-
systolic (LVSA) areas were planimetered from the parasternal long axis and LV end-diastolic
and end-systolic volumes (LVEDV and LVESV) were calculated by the M-mode method. LV
ejection fraction (LVEF) and fractional shortening (FS) were derived from LV cross-sectional
area in 2D short axis view: EF = [(LVEDV - LVESV)/LVEDV] x 100% and FS = [(L.VDA —
LVSA)/LVDA] x 100%. Standard formulae were used for echocardiographic calculations. All
data were analyzed offline with software resident on the ultrasound system at the end of the
study. All measured and calculated indexes were presented as the average of three to five

consecutive measurements.
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used to visualize the positive stains. Briefly,

par af fi n-enbedded sections were mcrowaved in a 0.1 M
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antibody with specificity against rat Ki67 at 1:3,000
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phospho-m?ctlnE(Ssmv%ﬂiéﬂ@ﬁélﬂghﬁirﬁéd r&ﬂnﬁalyqlaltmdyaipnda& ] nzas 1§1|W&@em
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blot confixppd thegih, éé‘%cé?jls?%e%‘?:?ﬁlo§é’éph<2§ﬁ HRHundeiddt Hlds w&aw&rﬁated cells

(FIG. zbusmomoﬁge t Hogﬁrfougmr %ghat@@m% th¥OEH oPBRNHRRS

measu he sel ecte 60 calculating points In
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indicating el ieREEUIManh ks STE I HBTSRUANo, A Aot fet M csfired MSCs
were not B pbaN <P st edl b ¢ asti-MISH2mBBo L (FUG L 24 @), 38 thdid=8dddsy thBlue

vol ume of a particular regenérating nyocardiumin the
nucleus F@éﬁWé’PCf’aﬁ%‘aﬁ@ﬂ cpfere Mipsoverp pogepd daskn thersardiegeiss

dlfferenttﬁlﬂgns Ege bﬁgoei@MPCJrLUeg &gé séthd mBRE Ih u;%mgleg E:xx @ﬂ{ {h'e?%gg{atlon of

wer e added and conp tain
MSC:s. Stroiaaly, mostiiigheaautiutedMEOs erstpesitvaly staed Methahe atibody specific

to heart R R R e RS PARR P BRBERRETRG Bee0

and confirmed by Western blot (FIG. 2b: 7A) upon 6 days culture in the presence of CMF, while

control cells were negative stained by all three specific antibodies (FIG. 2a:4 & 2b: Bs). The
sequential induction of MEF2 and MHC expressions confirmed the CMF-induced cardiogenic
differentiation development of MSCs ex vivo. In FIG. 2b, A stands for CMF-treated sample

vvh_ile B for untreated control.

IT1. Therapeutic Effect via Transplantation of MSCs Pretreated with CMF

To determine whether the increased survival potential and cardiogenic differentiation

efficiency showed ex vivo in MSCs treated with CMF prior to transplantation would bring about
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performed using a Sequoia C256 System (Si enens

Medical) with a 15-MHz |inear array transducer. The
web@3n4s362 experinental rats was shaved, the anPEEICNIE@S/002885

situated in the supine position on a warnng pad, ECG

linmb el ectrodes were placed, and echocar di ography was

recorded under controlled anesthesia. Each

experinental rat received a baseline echocardi ography
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Formation of new vessels could be detected as early as 12 hours after transplantation and
many more newly formed vessels and capillaries filled with blood cells were observed in the
whole infarct areas in the test group in 24 hours (before any regenerating cardiac myocytes could
be seen) and in 7 days post infarction (FIG. 3: 1, yellow circles). The density of the newly
formed vessels in the infarct area of the CMF pretreated MSCs transplanted myocardia was on
average 8 + 2 per high power field (40x) (HPF) on day 7. However, the new vessels were not
Dil-positive, indicating that the cellular source of the vessels may not be derived from the donor
cells. It is contemplated that the donor MSCs may be activated by CMF-pretreatment to '
stimulate and upregulate angiogenesis specific signaling pathways that induce the expression of

certain angiogenic factors, which directly enhances the process of early revascularization in
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the expression of phospho-Aktl was significantly
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waletwonst3sat ed by i mmunocyt ochem cal stai ni ng oPCT/082006/002885

cells with anti bodies specific to phospho- Aktl,
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cytoplasm (FIG 2a: 1). Western blot confirmed that
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ligation. By Masson’s Trichrome staining, it was found that in CMF treated hearts, myocyte-like

cell clusters, which were arranged in almost the same orientation as the infarcted myocardium or
the neighboring viable myocardia, were distributed in most parts of the whole infarct regions
(FIG. 5: 5). By contrast, the infarcted regions in control hearts were almost completely occupied
by fibrous tissue replacement, leaving almost no space for any possible cardiomyocytes
regeneration, if any (FIG.5: 6). Under a higher power field, in a sharp contrast to the overall blue
stained fibrous scar in control group (FIG. 5: 8), the whole infarct areas in the CMF treated
group were filled with regenerating myocyte clusters, well sﬁaped to bear myocardial

morphology with little fibrous tissue in between (FIG. 5: 7), although the sizes of these
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replacemehincantoldGiG iy Ijreasur enent s (FIG 4 & Table 1). In
conparison with the non-pretreated MSCs transpl ant ed
M group on day 2 and 14 post infarction, ejection
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MSCs have provided direct evidence that the cellular origin of the regenerating myocardium

were derived from bone marrow MSCs. One week after bone marrow replacement, heart
infarction surgery was performed as described in the above. Fourteen days post infarction, it was
found that the whole infarct regions in CMF-treated hearts were well occupied by Dil labeled
cells, which were largely absent in any non-infarcted regions of having the preexisting viable
cardiomyocytes. These Dil positive cells were clustered together bearing myocardial-like
morphology, but smaller in size compared with pre-existing cardiomyocytes (FIG. 7: 1). By
contrast, only a few scattered Dil positive cells were observed along the infarct border zone in

control infarcted hearts (FIG. 7: 2). To confirm that these well organized Dil positive cells were
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(67.13 2.53 vs 53.3 2.31, P 0.001) on day 14.
Simlarly, fraction shortening (FS) of the
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parts of the heart and the sizes of infarct were
IV Mansfagtuiihg dbatrhacestival IGempokitinng bod §hein Wies ioofitentig elaniis heart
diseases(irMamnidls 2) . Moreover, on transect of the infarct

area, the left ventricle walls of the CW treated

OB tfieSeffebtive chomica) coMspding igidedtifedahd Yartibll £ &edubbtA@ially pure

those in control hearts (FIG  5:
preparations of the compound are obtained either by isolating the compound 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 industry 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
compounds of the present invention. For example, the patent or patent application databases

provided at USPTO official website contain rich resources concerning making pharmaceutical
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Hi st ol ogi cal observations reveal ed that the infarct
sizes in CM-treated hearts (n = 8) were on average
wapprosEssately 1/3-1/2 tinmes small er than t hosSECT/ON2(06/002885
control hearts (n = 8), as was cal cul ated by measuring
the infarct volume in the left ventricular free wall
on day 14 after ligation. By Masson's Trichrone
staining, it was found that in CVF treated hearts,
formulatioY O ﬁ'o{l\ldclfsefr&ﬁ bre @b Sh&hRal é?ﬂp%En 5 f&ﬁotﬁ&r Lﬁ:gﬂf Goudrls of
al nost” the sane orientation as'the infarcte
informatioy et Hamibapk of Phatreaceeticah béanu fagtuving Fbemulytiomay eiitad bySadaraz K.

.. ' | but.ed i.n.most..parts of the .whole .infarct regions
iazi and i by EYESy Wb Feoed bl € Pogi ons | n
As apdd ialthdiastiitSpovificatiah ARb a0 ihe @drl SplOE SLtRICEUNERAS a mixture
¢ Ii brous tissue re | acement, | eavin | most no_space
of natura OGCULHE GIBPETIKIS @ i B A nlaéw_g Hitilest 1§% offhy total
dried maésik Gnidentfiled chiRP&Ind8. 1080 woP@WE plabi &lidet doBs RotNBSMpass an
.. .. contrast to the overall blue stained fibrous scar 1n
identified-epppaynd gebstaptigly rorifisd figym the planide termfrhammaceutisakexcipient”
te [ £ i t . Lng. ...
e S I S
The termrfion pfettogpmaennth réfertsttd thefanbmatithat is swfiieientto bt e drerdpllitia effect

5: .7),.al h the sizes of theseregengratjng,.
on the trefiea Qpicll. FRINE A Fas ViR o SRR 0 TG SBEL i B iy
dependingomalié 8Hes qidiveadel tedied, aowe of BaWinWeaGors tkdipiePushfte aNBiic
. ..of maturi rl% Furt her nor.e, echocardi ogr aphg_
possibiliyefisparassruth ethetharpreurie BraieRte Atpestonishillss it e ariermt
determink i SHBctWe oSt @lidhldteglAt ed regenerating
nmyocardi a and reconstituted vascul atures was
acconpani ed by significant functional inprovenent by
- oy . ear t further
K R B AR
inventiorpasodpplibd/ todugrefemed érebglimattithasel, ratillbauhdenstadd thhtevarious

. . _regener d cardi a.and vascul at ures. .t hat repai.red
omissiont A8 e Gone S Paifetin Db ragtd HlsGotn T HER P ied.
may be rhatduabode ¥kiMFimt the e adthMrCRepdring baY e RArivGRhO Bfvention. The

condi t.i on(gd medi um contaj ning certain induced proteins

inventions isdrobtiméfed,hy trembedimpiselasquibed abrysvdid 3ragreatied as examples
ly but Shbd AbdBitd faSioRSw hif @i scBRPA A e AEARR dRfined by th
omy > t ranspl alnt at i onoof %Wcm-prsg?ﬁatpeﬁ-w%%s tlrcl)etlﬁye ¢ appended
patent clginfsar ct area, the conditioned medi um was tested with
both MSCs culture and heart infarction ani mal nodel.
Referring to FIG 6a, after
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10.

11.

12.

treatment with conditioned mediumfor 24 hrs, the
proliferation rate of MSCs increased to 120% conpar ed

wao eoocos3snl nmedi um (fresh growt h nedi um . Ref ePCT/0Y2106/002885
FIG 6b, local injection of conditioned nediumto the
ischem c region of M nodel, cardiomyocyte
regenerati on was observed. Briefly, nmany regenerating
cardi omyocytes and many newy fornmed vessels filled

Refer%ée? bl ood cells were observed in the whole infarct

zone (FIG 6b: 2) conpared with the fibrous

Orlep DaeteatEBdnel marcontdlle regehtr@e ibfarctdd mydéardiahl Mdrare 410, 701-5
gbgi n of the Regenerated Miocardia after Direct CW
2PPLht ment Referring to FIG 7, studies on M nodel

T¥b,'C.DPHREn SR VIFW CAAHl, TS BRineyBIh& R dssiba P gthniaCs
have provided direct evidence that the cellular orjgin

mgsenchpmal sipahestls diffgentiptsda p rdinnpacste phenapus in theadgls eirine
h‘ﬂ;ﬁ{_ CHW, Y gﬁiogg_gv&@d@g.after bone marrow repl acenent,
eart In

_ arction surgery was Ferforrred as described in
Tomga,dhevd, AFologoesinandplpstapasol homk aragtomore]ls imprages damaged

th t.he whaol e..in [ in CMF-treated hearts
ey Wé"é%@%?"e%;ﬁﬁ‘g'sg@@'ed cell's, which were
Bleﬁfagﬁ,l A(.Pabt%rﬁvidmc%ﬂhyt el dafdidccipgebytes gl&]\ddinsafcei ntyavardigl

.the pr i St v C iomyocytes. These D |
”kf%@?‘g‘?'z\gg@r’i@eg%gelﬁouﬁ{zgpgd t oget her beari ng
KAV GANAEH -N &St PRb eRkiBH Yn erlddtageriatdi S failke $i Bimans. Proc Natl

con:gg_r ed wt re-exi sting cardionyocytes (FIG 7: 1).
Apgd &l # d¥5, YNy (189%)ew scattered Di | positive cells

r : 3 :

e RO o SE PR AP cacBlgBlact, oRL ARt Rt ar @R SR ocre
linedges. ¥agami438,64DiS3 (BNt i ve cel | s wereregenerating

ocar.di [ nohi st ochem st.r it h.anki badi .
EHEERTT Rt BUSER RSt G TR ML BT Plg AR R s s 4
9809§30-3 (2ab1)numer ous Di | positive cells distributed in

t he _whol e i nfarct zone wer ositively stainedq by .
Popa&ilpi (Viksani Hafdseatipe My ﬁgﬁ{t ﬁeae“%rﬁ?f@; mﬁg@gsfb%c’w%’
20k860 (2Go2#) - These Dil and troponin | or PCNA

positively stained cells were og?anized into

Brejrscks, &l altang M, Bedotski T & Adurih 616 Susviaplcintoggriion; andove
SRR RSEE TR LG Fond <ol o HDEGN o B ReEe

I'ng myo Iral - e tIssues
GhoNetbnt108, 193102 {1999r phol ogy of nyocardiumwi th cl ear

wgg}ﬁ &l %% zﬁﬁ]&?%ﬁ%rgﬁﬁg%ﬁ%’i&n%ﬁm??&ar AUPEAS oe\De%rp%gfornrgance after
skeletal myoblast transplantation. Nat Med 4, 929-33 (1998).

Yoo, K.J. et al. Heart cell transplantation improves heart function in dilated
cardiomyopathic hamsters. Circulation 102, 111204-9 (2000).

Mangi, A.A. et al. Mesenchymal stem cells modified with Akt prevent remodeling and
restore performance of infarcted hearts. Nat Med 9, 1195-201 (2003).
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WHAT I

ultrastructural maturation of the individua
regenerating nyocyte into integrated nyocardi um (FlI G

w(Q'2003)483%% t hout the structural integration betR€EEON2I06/002885

regenerati ng myocytes, and between the regenerating
nyocar di um and pre-existing viable nyocardi um
functional integration and synchronous nechani ca
activity woul d not be guaranteed. These regenerating
ccupi ed averagely 69. 3% of the total
gg%?ﬁgéfune on day 14 post-infarct. By contrast, in
6 control hearts, onIy a fewcells were both troponin

| and Dl itive.an e scatter d ar g t

v BB PRl DRSS Fh Sa BBl N nd st

3)éxélbiéﬁmhﬂ aﬁcéﬁikct(\lél dmount oiﬁa)com'ﬁh&ﬁcéwttbalbhﬂ&)one structure showing
enpnst r at e CVE, i ndug re er at

mybEATd It ‘Wésfh Upgiioes |d6H‘ci‘f“V§r‘? SR FoRRGTIEY B 496 ROt FRPIFR Y

N%%act b¥a MaAY fsﬁ@ LS dARIIBER A b a forCRARASA hdRNEscaqd

heir Uses in Treating i schemc heart diseases in

NEW#ﬁﬁbYCﬁﬂéhﬁh@d@ﬂﬂﬁétlve chem cal conpound is

identified and partially or substantially pure

preparations of the conmpound are obtained either by

i sol ating the conpound from nggur@al resources such as

pl ants or by chem cal synthesisg, Aari

phar maceuti cal conpositions o

fabricated frompartially

conmpound usi ng exi sting p

processes in th

maki ng pharnaceuti cg dosage forns

(i ncluding, but g i to, tablet, capsule,

i njection, syrup) frgmchem cal conpounds are not part

of the invention and| people of ordinary skill in the

art of the pharmaceutt cal industry are capable of

appl yi ng one or nore proggﬁﬁgﬁlestabllshed in the

i ndustry to the practice of the present invention.

| ati ons can be
tially pure
oxAut ur e devel oped
rocesses of

Alternatively, people of ordinary skill in the art may
o s FoiiaP kA RShRRANE IR Rh ROBSSE B REH fiBLe of

exiafgometiont hﬂlrmahﬁmhld@:bmpasxmsrt is apqzﬂ:i mateamrg dixtaaiises caused
prOV|ded at USPTO official website contain rich

r eDERFRELSSYE fi ng maki ng pharmaceutical fornul ati ons
and products fromeffective chem cal conpounds.

Anot her useful source, of ) o i
The pharmaceutical composition of claim 2, wherein said heart tissue damages are

caused by an ischemic heart disease.
The pharmaceutical composition of claim 3, which is formulated in a pharmaceutical
dosage form and packaged into a container and said information is shown on said

container or in an insert or pamphlet included in said container.

The pharmaceutical composition of claim 4, wherein said dosage form is selected

from the group consisting of tablet, capsule, injection, suspension, solution, powder,
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informati on i s Handbook of Pharnaceutica
Manuf acturing Formul ations, edited by Sarfaraz K
wok@zio4ssszd sold by Culinary & Hospitality | nduBCT/¢N2006/002885
Publ i cati ons Services. As used in the instant
specification and clains, the term"plant extract”
nmeans a m xture of natural occurring conpounds
obtained fromparts of a plant, where at |east 10% of
th%is%ﬂ dried mass is unidentified conpounds. In
ot eP Wor ds, a pl ant extract does not enconpass an
identified conpound substantially purified fromthe

I h " ec
opeted e R A AR ord R Fto TR AR afhn subjec

sﬁ‘f?&in%'aﬁ Fhj hﬁédéh‘éﬁﬂt wiiscloN®kiptisiap b stephd usieg mcbmpound comprising
effective anount” refer

.
s @fbﬁq:lgbp%qtrchxr% pf Eqrnpugl (Bhaé rdg%réeleqtlp gBlg? ;l é)gleq’ l’hC!tlf)Hal derivative of

ag}aject. Ef fective amount will vary, as
recognlg by those skilled in the art, depending on

t he types of di seases treated, route of

ratd LR t fohrk ttyelf
ot o SRl 8 BRIGABRRE et Tt
SKNMkﬁdmunmbﬂemﬂnt may determine an effective anount
under a particular situation. Wile there have been
descri bed and poi nted out fundanental novel features
of T tfethdW SRS, herddpbdi®cbrisbud ji efeeted drbnetio griupsnnsisting
thereof, it will be understood that various om ssions
anef: subst itutions and changes, in the formand details
of the enbodi nents idlustrated, nay be nade by those
skilled in the B¢t 4 t hout departlng fron1thﬁ)spfr|t
of the inventios = ' b

withint
ences 1. Orhb,q;,
PE(i nf ar ct ed

\~ . . u \ * .
mesepchPmal stem ¢élts fifferentiate to a
cardi onyocyte phe in the adult nurine

nigaichigoside F1 ~ OH 4 rosamultin

H

sl

Q
s
.

HOmm HOMm

HO HO

HORC HOO C\\
2a 30 19 23-tetrahydroxy

urs-12-en-28-oic acid OH

5 Suavissimoside R1
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10.

1.

12.

WO provsss2 damaged heart function.

heart. Circulation 105, 93-8 (2002). 3. Tomta, S. et
al . Autol ogous transplantati on of bone marrow cells

11247-56 (1999). 4. Beltram, A P. et al. Evidence

that human cardi ac nyocytes divide after myocardi al

i nfarction. NEngl JMed344, 1750-7 (2001). 5. Kajstura,

J. et al. Myocyte proliferation in end-stage cardiac

failure in humans Proc Natl AcadSci USA 95, 880%-5

(1998). 6. Ld%gwiiz, K L. et al. Postnatal Mgl | +:

car di obl ast s ully differentiated cargi®m

| i neages. Natu , 647-53 (2005). 7. Lefero

J.M et H gggneratlon in adult M
$30-5 (2001). 8.

Sei ence 298 21§§mm
) aQgy M, Bartosek, T.
ingloratlon and dlfferentlahhe
grafls: a study in normal &fld I NiIr ed>at hearts.
Circulation 100, 193-202 (1999) § N). Taylor, D. A et
al . Reg%ﬁ%?ﬁWFﬁgifunctlonal nyocardlun16@g@&@%gd
performance after skeletal nyoblast transplantation.
Nat Med 4, 929-33 (1998). 11. Yoo, KJ. et al. Heart
Ceht nleth@B 9Ptiaith 8] WRkteintRIIQ¥APohIRAEL function in
di | ated cardi onyopat hic hansters. G rculation 102,
[11204-9 (2000). 12. Mangi, A A et al. Mesenchynal
stemcells nodified with Akt preveat renodeling and
restore performance of infarcti@l hearts. Nat Med 9,
1195-20 1 (2003). WHAT IS CLAI k=i 1. A
phar maceuti cal conposition, whic pri ses a
phar maceutical ly acceptab 0

SUEV|vaI
onyocyte

HOli-

OH
nigaichigoside FI ~ OH

The method of claim 9, wherein said injured heart muscle is caused by an ischemic

event.

The method of claim 10, wherein said ischemic event is myocardial infarction.

The method of claim 6, wherein said myocytes or myocardia are regenerated in a

process comprising one or more steps of (a) increasing viability of myogenic

Circul ati on BODCN2006/002885

precursor cells to enable said precursor cells to survive through an absolute ischemic

period; (b) reconstituting a damaged blood supply network in said heart region where
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exci pient and an effective anount of a conpound with a
backbone structure showing in fornmula (1) or a

wo eovevasssml  derivative of said conmpound, and JdPEECN2106/002885
contain any extract of a plant, said conposition being
formul ated for treating a heart disease caused by
heart tissue damages. fornmula (I) 2. The
pharmaceutical conposition of claiml1l, which is

acconpani ed . iece i_nfor. ' i:nQ. -~
canaraampoerat inoreEaf(n SPHAETE G AR L TAEH e acn,
CRHRAMCPYT HRPFrecUrb @ TUls dtammgRdiac Bnagt reidpieps eingpeiforhed
conposition of claim2, wherein said heart tissue
d aivsiieeously oF MAWPAHEUR FFEheni ¢ heart di sease. 4.
The pharmaceutical conposition of claim3, which is
formul ated in a pharmaceutical dosage form and

13. patkagtwdiofchain 1@ onbeapinsridanypegrir arechISeT GellE pEsrmpsgnchymal

hown on sai d _confain ' i amphl et
" esrd oo g S b henl trBughORRRaBOn PO

conposition of claim4, wherein said dosage formis

sel ected fromithe grou nsi st.i.ng..of . :

4.} Freormeegaomeronon sERAT oIk lid B Ebund18RApRibone
A Jethed:sef witeenekatbigutmocyt es or nyocardia in the
heart of a mammali an subject suffering an injured
heart muscle, conprising a step of using a conpound

OITRL |d 3G 6t shiarcathipaund i sélscted from the
15, @%n@]ﬁ@iﬁg%l%}g?ﬁ ng»‘ﬁ oztcgagﬁ_tgﬁvgﬁal derivative of said

conpound. 7. The net grodp ednsistiag ok 6, wherein said

conpound is said baekbone structure itself wthout any

substitution. 840Th& nethod of claim®6, wherngn $aid

conpound is sel ggl om the group consistigg

O 0
HOlY HOIb:
HO
HO ~ 3
R N
HOH,C

. OH
nigaichigoside F1 ~ OH 4 rosamultin

il
T

0)
HO, 2

HOllm

HO

$
$
~

C

HOH;

2u 36 A8« 23-tetrahydroxy
urs-12-en-2g-oic acid

OH
5 Suavissimoside R1
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urs-12-en-28-o0ic acid 5 Suavissinoside R 3 Tornentic

acid 6 euscaphic acid 9. The nethod of claim8,
wob@reissssai d conpound is: 10. The nmethod of CPEI/AN206/002885

wherein said injured heart nuscle is caused by an

ischem c event. 11. The nmethod of claim 10, wherein

said ischem c event is nyocardial infarction. 12. The

nmet hod of claim6 wherein said nyocytes or myocardia

are regenerated ikn a process conprising one or nare

st eps of (a)Honcr£a3|ng viability of nyogenig

precursor ce enabl e said precursor cel I

wher®i n said myogeni ¢ precum@br S
stemcells conming from bone narr@ through bl ood
ci r cul at3it@fhnentkeid The pharnaceutPca congos %%%% of
claim 2, wherein said conpound is said backbon

structure |tself W t hout any substitution. 15. The

phar maceut i cal s|t| ere id
Comsoracevical aomeater shref GriiE sl PERFGeR s
Suavi ssinoside RI3 Tornentic acid 6 euscaphlc acid 16.
The pharmaceutical conposition of claim15, wherein
said conmpound is: 17. A pharnaqeutlcal product,

conpri sing the pharmaceuti cal tion of claim1l,
a

HOIn

3 o)
HOH,C OH
OH
nigaichigoside F1 ~ OH

17. A pharmaceutical product, comprising the pharmaceutical composition of claim 1, a

container and a piece of information about usage of said pharmaceutical composition.

18.  The pharmaceutical product, wherein said piece of information is shown an outside

surface of said container.

19.  The pharmaceutical product, wherein said piece of information is shown ina

pamphlet or an insert contained in said container.

27



20.

21.

22.

23.

contai ner and a piece of information about usage of
sai d pharmaceutical conposition. 18. The

w@ba@rinesseut i cal product, wherein said piece of PCT/CN2006/002885

information is shown an outside surface of said

contai ner. 19. The pharnmaceutical product, wherein
said piece of information is shown in a panphlet or an
insert contained in said container.0. The nethod of

cim,frherorisintetep A "
BB kiPng Ll . FrPH i rEPak Heaters e @) oubifbsaniygiv of
(Sjab@l csllg l(b):?inlteﬁztiv@ tdid sgh cé?lmm@ setid cgﬁpﬁﬁidd)r faid dricciowl

rivative for erio ti an tran nti

sdrriyabus fos ainsrigd aﬁtlmﬁfaaﬁg )& wgtS?éﬁ%BS @gwgﬁrcte”em
naggq@bfﬁﬂdﬁﬁmn%;ans%gﬁ .The nmethod of claim®6, further
conprising the steps of: (a) formulating said conpound
or said functional derivative into a dosage form and

Il aid

(*ﬁxe ﬁltoarg?glaﬁﬁG ﬁﬁ%oﬂlp?&ﬁg't%gsstiﬁ e&[ %ﬂl}%uﬂﬂng%@

func onal derivative 1n sal mto s
rraarmptbunamr saildjfextiond Aerivhtiee o hddsagé foiman (B)lsystmati@'llu

2% f{ld@gﬁ i esé‘f Cr@mplé)}slmf ﬁfj Se@t: d lforggﬁ H&%ﬁ rlg)%) Hgiggasge%ormncg said
Sﬂﬁlﬁﬁﬁwaﬁ@u{qea. powder. 23. The met hod of claim 6,

further conprising the steps of: (a) culturing a
plurality of MSCs or endothelial cells in a culture

EeL WRHRYrRIdM T, &ﬁéré*in%&lﬁﬂ@é’dﬁé f&'in fs%bféctfe&' RSk 08 gxloup
derivative for aperlodo time; (b) ectlng said
P

cabnsistiag wéthblat capae. aniedting selatipm SHIUP, wsmr@lqwn oder.
said MSCs or endothelial cells; and (c) adm nistering
or delivering said mediumto heart tissues in a

i Mhanetharad@laim 6, further comprising the steps of: (a) culturing a plurality of

MSCs or endothelial cells in a culture medium containing said compound or said
functional derivative for a period of time; (b) collecting said culture medium,
containing secretary proteins from said MSCs or endothelial cells; and (c)

administering or delivering said medium to heart tissues in a infarct area.
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