PHARMACEUTI CAL COVPCSI TI ON AND METHOD FOR REGENERATI NG MYCOFI BERS | N THE
TREATMENT OF MUSCLE | NJURI ES 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 clainms priority to PCT Application Nos.
PCT/ 1 B2005/ 003202 and PCT/ 1B2005/003 19 1, both filed Novenber 8, 2005,
the contents of which are hereby incorporated by reference. FIELD OF THE
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1 supply to a part of the heart, causing damage or death of heart muscle cells. It is the leading

cause of death for both men and women over the world. Following myocardial infarction, there
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
nyocytes 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, fransplantation 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 myacardial infarction has resulted in some angiogenesis and myogenesis, but
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the location of the newy regenerated cardiac nyocytes appeared nostly

al ong the border zone where the blood supply is relatively less affected
1-3. Because acute myocardial infarction (M) brings rapid danmages or death
to nryocytes (heart nuscle cells), vascular structures and nonvascul ar
conponents in the supplied region of the ventricle, regeneration of new
cardi ac nyocytes to replace the infarcted nyocardia (heart nuscul ar
tissues) in the central infarcted zone (the absolute ischem c region)
through a sub- popul ation of cardiac nyocyte growth 4-8 or transplantation
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per i odcattered and seemed to have difficulty to cluster and form regenerating myocardia. This is

probably due to poor cardiomyogenic differentiation efficiency of the survived transplanted

MSCs. The knowledge that natural cardiomyocyte reproduction, including differentiation of

residential progenitor myocytes or stem cells recruited from other sources, such as from

endothelial cells or a niche in the bone marrow is insufficient to balance cardiomyocyte death

occurred in acute or chronically damaged heart, has damped the enthusiasm of the res.earchers

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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that is, the period frominjection of the donor cells to formati on of new
vessels; 2) early reconstitution of the damaged bl ood supply network in
the infarcted myocardia to sustain the 2 survival and efficient trafficking
of the transplanted cells and maintain oxygenation and nutrient delivery;
and 3) enhanced cardionyogenic differentiation efficiency of the
transplanted cells to enable nore survived donor cells to differentiate
down cardiac |linage. Therefore, to realize the therapeutic ideal of

repl aci ng necrosed heart tissues with newy regenerated functional cardiac
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bi ol odfPtEgatipgmyeeardiabnfaeipnt her apeutic effects. They may be isolated from
natural resources, particularly fromplants or they may also be obtained
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also on repairing of Ml ir vive. These compounds themselves are known in the art but they are

never known as possessing the above biological activities and therapeutic effects. They may be

isolated from natural resources, particularly from plants or they may also be obtained though

total or semi-chemical syntheses, with existing or future developed synthetic techniques. The

backbone structure itself possesses the aforementioned myogenic effects and various variants can

be made from the backbone structure through substitution of one or more hydrogen atoms at

various positions. These variants share the common backbone skeleton and the myogenic effects.

Of course, they may vary in myogenic potency.
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Formula (I) 3 The backbone structure of Fornula (1) may have one or nore
substituents attached. A substituent is an atomor group of atons
substituted in place of the hydrogen atom The substitution can be

achi eved by neans known in the field of organic chem stry. For exanple,

t hrough a proper design, high through-put conbinatorial synthesis is
capabl e of producing a large library of variants or derivatives with
various substituents attached to various positions of a backbone
structure. The variants or derivatives of fornula (1) may then be selected
based on an activity test on nesenchymal stemcells (MSCs), which can

qui ckly determ ne whether a particular variant could enhance proliferation
and car di ogbnbackefing tlaycane piiormvie () mepnbave@ne errraere sybeiteentsdtaghed e i n t hi s
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activity test on mesenchymal stem cells (MSCs), which can quickly determine whether a

particular variant could enhance proliferation and cardiogenic differentiation of the cultured
MSCs. As used in this application, the term “the compound of formula (1)” encompasses the
backbone compound itself and its substituted variants with similar biological activities.
Examples of these variants are presented in the following, all of which possess similar effects in
terms of regenerating functional myocytes as the backbone structure (i.e., the base compound
itseif):
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Ho HO HOH, (? HOOC OH 2 ~I 3 Il ,19 a 23-tetrahydroxy o urs-12-en-28-o0ic
acid off 5 Suavissinmoside R HOO HO COON COON HO U~ H01110 HO 3
Tormentic acid 6 euscaphic acid Furthernore, as a therapeutic agent, the
conmpound of forrmula (I) may be in a formof “"functional derivatives" as
defined below It is contenplated, as a person with ordinary skill in the
art would contenplate, that the above conpounds nay be made in various
possi bl e racem c, enantioneric or diastereoisoneric isoner fornms, may form
salts with mneral and organic acids, and may al so formderivatives such
as N-oxi des, prodrugs, bioisosteres. "Prodrug" neans and nactive form of

t he conpound due to thewatEachnent of one or nore ﬂgecrallzed protective
groups used in a transigft-fanner to ~alter or to el'w e undesirable
properties in the parent converted into
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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 skiil 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 atfachment 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 anather,




t he above di scl osed conpounds. As used in this application, the term
"functional derivative" neans a prodrug, bioisostere, N-oxide,
pharmaceutically acceptable salt or various isoner fromthe above-di scl osed
specific conpound, which may be advantageous in one or nore aspects
conpared with the parent conpound. Mking functional derivatives maybe
| abori ous, but sone of the technol ogies involved are well known in the
art. Various high-throughput chem cal synthetic nmethods are available. For
exanpl e, conbinatorial chem stry has resulted in the rapid expansion of
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cardi onyocytes in a mamal who needs to replace dead or damaged heart

tissues caubedphepageutipg spmpegition gkthe prgi?ewﬂ&@ﬂow&é%vld”?ré{eaﬁlnﬁfr@foe%rfi@h (M).
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steps o (a) .obtaining stem ce such b) contactlngﬁthe stem
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acti vatemb Reidkod SaMS dosage form, such as tablet, capsule, injection, solution, suspension,

powder, syrup, etc, and be administered to a mammalian subject having myocardial injuries or

vatives to

necrosis. The formulation techniques are not part of the present invention and thus are not
Jimitations to the scope of the present invention.

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-ferm slow-releasing,

In another aspect, present invention provide a method for freating 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 fonctional
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of cardiogenic differentiation prior to transplantation and (c) then
transplanting the activated cells into the infarcted heart tissues of the
manmal . This therapeutic approach is capable of achieving the foll ow ng
goal s: 1) enhanced survival potential of the transplanted cells; 2) early
reconstitution of blood supply network, and 3) enhanced cardi onyogenic
differentiation efficiency of the transplanted cells by ex vivo activation
of MSCs form ng cardiogenic progenitors prior to transplantation. In

anot her aspect, the present invention provides a nethod for treating
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part of this disclosure. For better understanding of the invention, its

operat5""ﬂ§“§€ﬁ7%Cfré‘b@'g‘s?'ﬁwa“%“pec| fic objects attained by its use, reference

shoul d be mRgRHePash®, thY pedeRtaveaiich prbRdds alefni Ber tRaS G ikdthR Rede) Whi ch there
are Jlustrate %ﬂﬁ\&descrl bed preferred enbodi nents of the invention.
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CMF- pret reat e shows distribution ejection fraction (EF) and

fractional I% ﬁglrapgtﬁf;rﬁﬁpeﬂ;g)e péﬁSfblg Imvgntwaygovma research reagent for scientific

research on cardiogenic transdifferentiation of stem cells, such as MSCs. The reagent comprises

one or more compounds of formula (I) or their functional derivatives. It may be in a solid form or
a liquid form. For example, it may be a solution of DMSO.

The various features of novelty which characterize the invention are pointed out with
particularity in the claims annexed to and forming a part of this disclosure. For a better
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.




weeks cell transplantation in three groups of rats (A: normal group; B: M
group transplanted with CM-treated MSCs; C. M group transplanted with
MSCs not treated with CMF). FIG 5 shows the therapeutic effects of CVF on
nyocardi al infarction (M) animal nodel. FIG 6 shows the enhanced
proliferation of cultured MSCs and myocardi al regeneration induced by
conditioned nedium FIG 7 shows the cellular source for CMF--induced
nyocardi al regeneration in animal M nodel. DETAILED DESCRI PTI ON OF

PARTI CULAR EMBCDI MENTS | Experinment Procedures Al protocols used in the

present invention conf d to the de faor

o aiGh § Sheerin <G00 o1 C0R o8 ot rasneeten <5 MRS i BeERT P heoal ¢, and
were agnphesaelAakiexplsiodriab. Experi mental Ethical Committee of The Chinese
Uni versity of Hong Kong. For the follow ng discussion, CVF refers to the
base conpound (or backbone conpound) of the present invention. Its

cheni cpig, 8 bhdttht tRerhfutiediivoes’ dueatrenthabed of lhnsplaotation of GNBpabbene.  Cbt ai ni ng
Conpoun(gé of the Present Invention: The conpounds can be prepared from

pl ant sM Pt hough it may possible to make it through chemical synthesis. As
an exanple for illustrati ng t he process of preparing the conpounds from

t t he f. t
sl at Fioh 4 SR G P ERT PG FRaianarg oot ol Slfetife b B BlehaddC *
Q her pbakatal ﬁdﬂ@;ﬂanmyn hahtealgmu&\ﬁrm (Azaonnas,hgmup,rlﬂcM@qupftmnSplaa%érrpl e, Acaena

tif . et i i , Ardi si

5 | aportib s My Gt Pror B ReaRBivrHSS: nRAREE M e schi nal ).
Caul i s Sargent odoxae, Cedrela sinensis, Chaenonel es sinensis KOEHNE,
Deb ' i fol ' [
Debr 95o% BBl HoHabl EhL SPEETRAMARruBRl Oy Brblgigy ) aponi ca

octoval vi s, Perlllafrutescens Perlllafrutescens(L.) Britt. (Lam aceae),

Phys OCEP;CP %’ %m'wrs] Eh% % ro!ﬁgrra&%};[ dfllﬁkl?urédr}\l«‘fééé Jnh q@ﬁ#ﬁtﬁiiglﬁ%ﬁ%@&%@ alﬁ’{h%{: troides,

Pour ou t°anensi s apont1 cum pel | a Rehd. et
Wt s. , bRosditiossemegara M chx, Rosa rugosa, Rubus al ceaefolius Poir, Rubus
al | egheni ensis, Rubus coreanus, Rubus inperialis, Rubus inperialis Chum
Schl . (Rosaceae) Rubus si ebol dii, Rumex japonicus, Salvia trlcg uga Diets,
St r as bHIg@stioars Hotoeibfax sourst ﬂoa@bﬁmwed/mym@i@bmwtwrr iregnéndl ¥pasidglohy | | a,
Vochysi a pacifica Cuatrec, Zanthoxylumi

DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

I. 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 () 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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piperitum etc. ! Isolation of cardioinyogenic factor (CMF) from Geum
japoni cum Referring to FIG 1, the plant of Geurn japonicumcollected from |,
Qui zhou Province of China in August was dried (10kg) and percolated with
70% et hanol (100L) at roomtenperature for 3 days twi ce. The extract was
conbi ned and spray-dried to yield a solid residue (Ikg). The solid residue
was suspended in 10 liter H20 and successively partitioned with chl oroform
(10 L) twice, then n- butanol (10 L) twice to produce the corresponding
fractions. The n-butanol (GJ-B) soluble fraction was filtered and dried by

spray dryi,ng.to yield. wder. fraction,. whic onfiJd ne for their
speci f-iaBg/r&‘Eﬁ’ Fpp St%”&ﬁﬁ’ﬁ*ﬁ%&?@%%‘fpéﬁclﬂﬁeglﬁ fra f#]cgi,’\@g)f :égﬂlscg;ﬁr%ﬁom in cell
cul t ur eedréla sinwais, Clihesmiididsatheintd IOEINE, Debsegedhinwnlicifobd, Eniobettyajepbnisol ubl e
fraction.(GJ; B) could t he rolji.feratiaon and,.cardi ni.

i 11 or G ERPEsgPor R AL ot R G Rl P LA B -5
fract i entowalss, Phriih fapptdng Peritia Butcsobnsifh,) Bfitt. Sbphiackex), Piis0@rmmg intdrndtiat ed wit h
10% net ha | yted with increasi Q ] i hanol in
wat er ﬁ&%@gﬂa\‘/‘?‘%}%‘ﬁf’%3%{{1}1%%‘5‘%]3%@%%%“&0%}93 %ﬂﬁ%%%t (r%tr%m%?ﬂ’géhea@le fractions
wer e t esfledmf Bosatbhléd Reheodt (Wil st, Rowd ladvideBGlicky, Rosagugops.tRaes algatiphtist y  t est
denons,r.at t hat, fr | 6 I | k h ar di ogeni c
di ffer%‘?‘ff’iRa(@?ft(g oh %}*eme@suﬁt’ F ﬁ?‘t{esgm\%@@g@@%%%[&ﬂjﬂ@%m"§ ugl%ﬁsac u|I~n\'/§chgorrpound was
f ur t he(Rdsseha)t Rubus sidtiobdii, Remexjhpmicas Salyia trijogOME!st Btraskuyperiavolwstdi scl osur e.
CVF s structur ek L I W th

1t er agtr e o RS TR oY VAR A E L ARSI T |

t r ansppiaaftam @n: The MSCs were cultured with CMF (10 sg/m  in growth
medium) for 6 days. In parallel, the control MSCs were cultured in growh

medi um contai ni ng equi val ent vol une of 5% DMSO. On day 2, expression of
endogenous ltlesysted cpiivlnyegeniagactos SekiEbion Feimimadeyt: Refsrinste FG.dnd West ern
bl ot . 3 ' ' LR s i dried
ot eoa T PR e R it o B BB ARE R M e e

conf i r tidgiand permeteindwith 3¢ ethipr (APOR rapmermpaiatiiedor Jdayhtveee- At i body

i fi , VBCs and th
speci ‘3 %Mé&ngﬂfgﬁbglsggyﬁ%ﬂ%% sop?%egldgﬂﬁk%ﬂoﬁa [ RRLEY, and the

contro Cs were ] i ] ture and made ready for
t r ans phusneraied Bnl0 livr Ebelrpd suseeseivelppmetiongd visdhehieraBre KA Indwicsiteggn-cel | s: The

o SO et SEEYR iaacaten, BURA (GER) s e bone
cont ai fkeitgn vsdilierad andrisied by ssirREopEIEORyWdsRactiog, Which was confirmed
for their specific ability to stimulate cardiogenic differentiation of MSCs in cell culture in a way
described below. It was shown that n-butanol soluble fraction (GI-B) could enhance the
proliferation and cardiogenic differentiation of the cultured MSCs in celi culture systems. The
| GJ-B fraction was then applied on a column of Sephadex LH-20 equilibrated with 10% methanol
and eluted with increasing concentration of methanol in water, resolving 7 fractions, GI-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 jor transplantation: The MSCs were 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-Aktl
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penicillin/streptonycin. The BM was thoroughly m xed and centrifuged at
1500 rpmfor 5 mnutes. The cell pellet was suspended in 5 m growth

medi um The cell suspension was carefully put on 5 m Ficoll solution and
centrifuged at 200 rpmfor 30 mn. The second |layer, which contains BM
cells was transferred into a tube and washed twice with PBS to renove
Ficoll (1200 rpmfor 5 mnutes). The cell pellet was resuspended in | NDM
cul ture nmedium containing 10% heat inactivated FBS (G BCO and 1%
penicillin/streptonycin antibiotic mxture. After 24 hours culture in a

37C i nwpgsts&rsemynmm@(ecg@chmﬁlg BOVRIAIROn 65/ 4 hybiiic SHeaGldRd and the

adherent cells are cul angln e every ays and the

cells Wé&%ﬁ@ss?ﬂéé{rlmyl“éWF%mﬁY#ﬂ SYestem %alm l\/ﬁi}ﬁmimeh wath figthevas t he BM

cell's, c4afRed @Fnﬁn%n@%to%&@tr} %dtW(%teglpélb%HM’&lm I ek 180 Hf%gfj% invitro
ur

and in vivo studies conducted 1 n the present bl ot

anal ysPsOn ggiol. Both ghe| CNAE-prefyeated M?C%f’ﬂéﬂ@l\‘;"FU‘ﬁJéﬁ(é?dv%@lab@efbwlfk@ﬂtlein cells

Were  pilgResrRGndY rda¥S ol GarlshiBniii@nl S Wi th 3 tinmes packed cell volume of lysis
buffer (50 nM Tris, pH 7.5, 150 M NaCl, 1 nM EDTA, 1 nM EGTA, 1% Noni det

P-40, 10% gf’§earenn of Seis mar Seﬂcémqwrg66(?Su?€hfpwﬁﬁﬁtasrdwa@se~ewlo my/

| eupepldnbved BolBhiibucaDiaby (3D rat?Hd tHEon®RGRO hSllshaargt offtﬁeuor' de, and 1
nmM sodj um or, Qgﬁgf?éate) on ice for 30 mnutes. Protein vyield

quant i PP yreprediimygaafainingslO3k hegt inactipgted FRRI(GIBEQ) and Ia(m)unt s (30 g)

of tot Qémctﬂi'h&hé}it(ﬁlnw @‘h§BRfI€w5sﬁ:}ﬁ§6dgﬁllﬁ}ﬂh%a a0 cektiuRAGE 1 ddph rgnsferred to
PVDM menbran,gh ”‘%@A {ﬁﬁ % The bl ots were bl ocked vmth phosphat e- buf f er ed
o pRltst Virow

sal i neM5IHrs: perdiddmS B ereplarydiue.Jhe S hFUSRERS08 WO / vol ) mi | k
powder ce(rEIBﬁJ Mt oﬁGﬁnImomscﬁlUﬂifﬁﬁandEe b E0EEd ETI0a P 3 i OTHR 8RB 8 laydror 60

m nut es S. ntl bLg es ag i nst rat phospho-Alctl (nouse)
or rat™ ﬁ’g‘h}g ‘gmf%ﬁfé’f Sty 2 b ek iy e;Ld HRs0Y ‘Fhrfpﬁisﬁgm‘“’% ter washing
ext ensgiteil mm qJﬂBﬁIrs nﬁ:h@esmhbb@n;ﬁllewraereaﬁpaﬂéd bMMmm&@ma@lm(sd)?m g
per oxi dase-.co ant| - m amﬁ@@& Ci ences%f&b 1/1000 dil ution
P PrsTRIROE A e BRoivalr 3R (AR (R Pl on T e by
cheni | milthesLrRNCS hoﬁg mw uaagmo 1ﬁéhb£15r Wies %O, Pthehdreah8dntWaifsrd 0 the heart
ti ssue:, The Spr eﬁ ts were used and all _ani mal procedures
vere aff %@éaﬂ% Lm0t S P B e AR e BYer R FAAEL f ar o Each
r at waseuame&tﬂm&ar@@dnﬂuemﬂemmp%ﬂchmneamusn@da&mlebmsakf&é@m A0/ kg) ,
i nt uba and chani cal g r&tl |lated with roomair using a Harvard
venti | owing, which were used for in vifro and ir vivo studies conducted in the present
d1sclosure
Western blot analysis: Whole cell extracts of the CMF-treated cells or control cells were
prepared by lysing the cells with 3 times packed cell volume of Iysis buffer (50 mM Tris, pH
7.5, 150 mMNaCl, 1 mM EDTA, 1 mM EGTA, 1% Nonidet P-40, 10% glycerol, 200 mM NaF,
20 mM sodium pyrophosphate, 10 mg/m} leupeptin, 10 mg/ml aprotinin, 200 mM
phenylmethylsuifony] 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 PVYDM membranes Mil!iporé).
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-Akt] (mouse) or rat MHC
(mouse, Sigma-Aldrich), difuted 1:1000 in PBSTM. After washing extensively in PBST, the
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683). After a left thoracotony, nyocardial infarction was induced by

permanent |igation of |left anterior descending (LAD) coronary artery. The

5 x 105 Dil | abeled CM-pretreated MsSCs (32 rats) suspended in saline were

injected into three sites of the distal nyocardia (the ischem c region) of

the ligated artery immedi ate after the ligation respectively (test group).

The control rats were injected with an equival ent anount of Di| | abel ed

non-treated control MSCs (32 rats) suspended in saline at the same

| ocation and tim ng. For shamischema (32 rats), thoracotorry was

perfor d W|th % ﬁ i gation. Sxt ats s%fy o o t.reatment were

set as %%yvﬁrglplog RY pgperadishppro ‘f’asf'ﬁgur’ é”inﬁoélﬁ? (311655 fﬂS‘HF‘FF rent groups

wer e Sa4a000 dibeicn ACRRETM, 66 ntin), exeapiesly washied ith PRST cind dewelopedind day 14

post -i nf arct:on after assessnment of their heart function by

echoca|h5i'1mb'<fffl Py cﬁeasurerrents The hearts of the sacrificed rats were

renoved, vv&”sdmufanmmdmof%@ﬁéﬂﬁe@éhﬁﬁ@f@ghwiremﬁmé:i’EheISpraglkLI the speci mens

harve i acin i gnal s of
e sl PR by SO REANRS p RSy S TRH RN ot VRO ARGanerat s on

of ny deamditiee orl Anmﬂaéwe&garfeclanai W aoesltﬂesze\dem&l ifbrdperitosdat pontobarbit] (F0er MHC

i rmon i onyogeni c

differ é{?é) %lng’%?e& %(L;? i 2%'31 |Vé¥ﬁﬁ%$ce&]{t11w°ffnl%r ug%lg?ﬁgw ca eﬁgf‘tgrc spge10| fic

mar ker688x mﬁgssie&rﬁhm@mmmcﬂ@w infiir¢tion avas owficed &b percenas igapien 648k SS, LSM 510

VETA) petie e with

rat - spaélgEi Fiésging&gﬁ%%gf&g%@ bH%P ohe! 5The éﬂgh %e?eﬁn%ﬁ% %éfe a?%?@rgryogeni C

di f f ertetatguspendy loﬁaltnh e ijedtelinb é‘deet sitanefdheadistaldnvBadiaftbe ihegla egener at i ng

nmyocar pdi cati ng

Chei 1 B e sl Aeep il TP Byl ohlorORPl K Chetondal ! 20 0

t er mi rafs “meftfu@ﬁeqhwtb@m MIWnu@émumtmﬁdewieﬂ nearitrp@ed qouingl b s (3@ @shs copl c

exam [

Cr ansp g 1o Sind b oo kAP IURRRN S L ENp AR S s

wer e r‘aafrar@lffwweé wﬁhel@daﬁmtl@tl% Sixteen natspubiggde novipaaent gem sgh, as sﬂam group,

CMF-treatgd group and non-treated control group (8 rats each). Rats were

anest hetl zed wWith intraperitoneal pentobarbital éSO mg/ kg), intubated, and

mechani cal Fipifwéiheickpsrimgntal rath frpm giffosent eroupsverasacrificed serowdéngt | at or (nodel

683). & érﬁﬁen@al Fﬁfx bn d&;hp&ﬁ%} D Dbst-HR%IBH Hrddlasse BEREGTHRR nWBSubddiEEd DY

pernmanent |igation of left "anterior descending (LAD) coronary artery. CMr

in 5%Wd€qgra_phy me@s(ywpq%’lﬁg heprig oﬁf@e @vp;ic%ggts were removed, washed with

PBS and photographed respectively. All the specimens harvested were paraffin embedded and
sectioned for tracing the signals of il and examination of revascularization, infaret size and
regeneration of myocardia. If the regenerating cells were Dil positive, further MHC
immonohistochemical staining was performed to confirm their cardiomyogenic differentiation.
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 celi origin,

with the specific positive staining of cardiac terminal differentiation marker-troponin I using
confocal microscopic examination, implying their cadlomyogemc differentiation of these
transplanted cells.

CMF direct treatment in MI model: Thirty-two SD rafs were randomly divided into four

11




injected into the distal nyocardium (the ischemc region) of the |igated
artery in 8 rats immediate after the ligation (CM--treated group). Another
8 rats were injected with an equival ent anount of 5% DMSO at the sane

| ocation and timng as non-treated control group. For sham i schem a,

t horacotonmy was perforned on 8 rats without LAD ligation. Further 8 rats

W t hout any treatnment were set as normal group. Conditioned nedi um

contai ning secretary proteins from MsCs or other cells induced by CM: The
M5Cs were treated with 10ug/ml CMF for 24 hours to activate/upregul ate gene

expressi ons_an n S [ &5k f Then 5 m
of fregrﬁu%s oW ]ér&?dS% %ﬂg‘g, bg%{%ufgg%*u gc?ndIFHEkrégtegnd CHT@I ec?g%g:after
anot hegacB). ﬁat;ssvecﬂfan@&ﬂietlmﬁ with intriperitensial pestobarbitalét mefkaleidtubetbridkd to as

condi t] g &%ﬁmw Hﬁgte&_ Qi Roo] IQISI g%@ﬁ%t&%ﬁﬁlaﬁﬁ%d&a 8% ArgonEdgnsed to a

vol une™s was used treatnent agent in the heart infarction
ani mal thoraooteiny asydedish lnmma%%@duceﬁi bxeparpanest igatiomofilef anteriypr acot ony and

Il gati ﬁ&c%dm{ggﬁmgcog%jpz{n&W@\Eq{?@ﬂ:‘]ﬁﬂflgﬁ‘?@]1@%%%@@I'H@CQ\QF)QJGES' mredi at el y

into ation. Fresh gro nedi um was used_as control.
Bone m%@WImﬁied@@hﬁlﬁﬁwﬂuﬂm (ths iS‘Fb&Mréﬁlm%B@ﬂ‘e ligpted @iery 15 SRR IBIRPISD 1 at s

were ﬁ@gthe l%’atl&qw&éa"gﬂl@?@ﬁ%%%'“ﬂfb infegi6d Witea eélhﬁfhlént\éﬁﬁb@ntl rritated

by 9.5 Irradi ation source iite nmracel | 1000)

at a dg&%@wo at thmxamaloqu ang tl@mﬁﬁ é%ﬁriﬂted&e%tfql &PUp- rf@f HBRdhefitow deri ved
stem C@r‘olfa%otﬁﬁl%m? plefhmedhd 8 laRRAINSE IMP Baatidx Fhldfer 89t RitBdus RENAREhend N 0. 31

PBS) were t ]‘ected through tail vern within 2 hours after irritation
usi ng aeEpet JAOHE! AEBRH e. One week after irritation and transplantation,

the rats w kb, Aholad ﬁ@%&rﬁ%nﬂf?;ﬂ@gw%faﬁﬂﬁ)‘o% Bofki MIThast olhok €11k Mhucgl BrIPS: one to
be treated directly with as cqntrol wlathout treat nent.

Heart CAMETEe WSWF‘-’Q@W&M& 19‘#@5*%5?“3"6 e Iqasretsmeeifdi™ss  descri bed

above. eifﬂ}é‘ssn%ﬁpﬁfdltﬁ%w&asm&h&&rgmym@ie&ﬁlv@&sId@eyofmdmcmbn Stul gereyh godtit r eat ment
for further assessnent. Heart @e eijI rrens %gslg C@Ifl wer e

obt ai n&wdiupg ‘i"astaﬁ‘éed§€>@’élchlé’ﬁ% angep Fg‘érélﬂo FUST ey e 1%10 dand their
car di ?méa&ﬁﬂw%s r%i’efréc&ﬁ@.@&dﬁ@ﬁh@é&l iR THOS hil 61 @abitithcdatediugi wdsni ng Wi t h( ).
specific antibo eart t t r oponi S Dako
5 e ety RIS ket By U 6 QP et B Rt s E R se. ( Sant o
Cruz) Wadelhs Qekclited aBb\S:UBhétE@aﬁeIB@le}ﬁQﬁdrﬁdom{yyanatllgatmdfb&Dl @2midiftheposi ti ve
st gnal cg\t?ﬁisltlocx)]gg gl(’ac\i/iﬁg wv.':lﬁs En?ec?edfn!nr%g letglg ?nr%g ﬁle dnla? par? gf‘?i‘%atm‘x"ﬁ‘es% g)rowth

medium was used as control.

Bone marrow replacement with Dil labeled MSCs: Sixteen 5-week old SD rats were used

for bone marrow transplantation. Recipient rats were irritated by 9.5 Gy of gamma irradiation
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 0.3m! PBS) were then injected through tail vein within 2 hours after irritation usiﬁg a27-
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 sactificed rats were obtained. All the specimens were
traced for Dil positive cells and their cardiomyogenic differentiation by immunchistochemical

staining with specific antibodies for heart type troponin I (Santa Cruz) and PCNA (Dako).
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Estimation of infarct size: Left ventricles fromexperinental rats
sacrificed on day 14 were renoved and sliced fromapex to base in 3
transverse slices. The slices were fixed in formalin and enbedded in
paraffin. Sections (20 mthickness) of the left ventricle were stained

wi th Masson's trichrone, which | abels collagen blue and nyocardi umred.
These sections were digitized and all blue staining was quantified

nmor phonetrically. The volune of infarct (mB) of a particular section was
cal cul ated based on the thickness of the slice The volunes of infarcted

tissue for all sections were added to yield gﬁﬂfl vol une of the infarct
f or e@pbm@aaemndwanuh@émqmugas&fl with ﬁ'&éﬂf@?h%%’fwéasﬁ “t"i‘ﬁusﬁ B i nded

pat hol,pgi, Qh APRifecS e DRIV sJ'lgﬂanf/a%ro%erﬂ’eﬂghthmﬂu‘deear density was

determ ne post| nfarction from hi stol ogy sections by counting the

nunbenmgtﬁsowe%gélcé) within the infarct area wusing a light m croscope under

hi gh powerEjﬁ,,%,gn btRdcr Live: i@@)/enuﬁllés floRiApTinanchl meneaifed appiylg  HPFs wi thin
the infarct filed were use Xessels in each

nt| n
sect i overefemoxsd anéf(‘l‘f‘é‘il f‘ﬁ%ﬁ‘??‘im%@i&ﬁ tra“?ﬁ Seﬁh?ﬁﬁgﬁ‘eéxcegéwse%ee P$% " each HPF is
aver agggh AR dnEitcgaa GelpaAsTih MR ctidhl (B0gin dhickieyDeths lqfieventiele. wekswabednent  of
regenerati ng cardi ac oc tes Ead nyocardi a. The S‘f %:s% s f Q%’]rg)mh CVF
pr et r edthaagpmvstrietems By éﬁ]?tlﬁ%?lséﬂ ELYE ?@é?yé’a“&%& ranspra groups on
da%/ g g;edtam ngfﬁ?‘m% ﬁra{a‘qiﬁhﬂif% mmiﬂamgﬂrﬁmyorhmmsnd em‘rm"avw retipeth <(:| MC)
antibodies to identi e .rege r di i ondary
ant i badsrcy iy E?ﬁ%‘t”é@?s\ﬁl?lwatﬂ ‘R%F?ﬂ&%ﬁ%&%%% lce ﬁ‘e Wﬁgﬁ'%()f “{\:/f?rgtgtgl ize the
posi t't‘té@ue%?dlﬂs‘éctnoﬁfw&é|a&’dedﬂaylelﬁfthenetﬁndoﬁdd@dﬂ'swaﬂcbﬁﬂsemp@’tltm'l%h@ﬁﬂaved ina
0.1 M EDTA buffer and ol ycl onal rabbit antibody with

al.ne
speci fH&FEgieHEP AY “P Yal%?q'é‘g a;\éah]fl%ls 00 dilution (Sant Cruz Bi ot echnol ogy)
and i ncubatmgiopees ddieginentin ifidct MElorrVashidyr density waswdetdraadhed ondaydect i ons were

i ncubated with a goat. anti t ated with
al kal i RRETHREPHER “g‘élé“’]é?gy ie‘ctéﬁﬁt%éi c?unk 9%%%‘ ggb@%%? 4 ‘%‘ m %m%@&{%&? he positive
nucl ei usY@raQIth ,-ﬁufﬂsgtope dndzs hlgapdxwdy Ificike (HPF)I‘(X 400). Six random and non-overlappmg

5- br ot no-4-chl hat. | azol i um
subst r BPEs \Wktmﬁu 3t fr?eldﬁ\géé? ﬁsﬁg T.eoun m ?.l v{# £ &1 veRbels 1? ofth YR b e

en sections from correspondi ng
par af fameﬂpbl&ﬁaﬁl héaﬁﬁ,kfhmmebermt‘wadisad e@héﬁ’rﬂugdwteraa@d apd@xprassed 48480 di | uti on of
rabbit anti - I\I l;lVFZO Devel opnent al Hybridoma Bank, University of
| owa) 2At5h e?-f'g further incubated for 30 m nutes at roomtenperature
ina 1:100 ,ﬂsdsmdnmfregfen@em@@ada&snwgnfwdveebagﬂbatTf@rﬁ@qﬂoﬁsaw both3 | gG

( Slogo/ MN étreerated Rfs%g-%ransppanw 1l donTRATE VECE: tragép?aﬂkﬂ QRRPZEADE pbdAB;  pl us

ligation were stained with Ki67 or myosin heavy chain (MHC) 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 [gG 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 overnightat4 °Cina 1:50 dilution of rabbit anti-rat MHC
(MF20, Developmental Hybridoma Bank, University of Towa) 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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the slides were investigated by m croscopic analysis. The regenerating
myocardi um area was delineated in the projected field by a grid containing
42 sanpling points. Approximately, 30-60 calculating points along the
border of a particular regenerating nyocardiumwere selected in each
section. This grid defined an uncornpressed tissue area of 62,500 }tn®,

whi ch was used to neasure the selected 30-60 cal cul ating points in each
section. The shapes and vol unmes of regenerating nyocardia in the central
area of infarct mere determ ned by neasuring in each section (50 gm apart)

of appr OXI mat el y ections a e
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each s‘é‘%‘f’?‘ﬁ‘?‘fi 1n IPWé?tegﬁggﬂ%%@ cQpipNE Q%e glngﬁ ﬁﬁ%%&p?%xﬁrgatgi 3g%ﬁpartl cul ar
ti ssuecdmémﬂﬁgwﬁ@ alafigiel batet of o pptitdat regonapiingimyordrdivinoread seleoedive and t he
full ste - uct. o the re n graphy
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si t uat '?@e’?eﬁat'flﬁ@ygﬁbqs%@%w cggtpaﬁareggghﬁgct V\(’v/%tre r%rllﬂérélﬁﬁn&g&37 rﬁéisurfn!éﬁ%&@l} ectrodes were
pl acedsectiad(56 thpart)df qgam@qnhgtelwég sectiesdhagbapes nldieamé opaupisii pedheanest hesi a.

Ty i A,

I mensi on t wo- di mensi onal
(2D) epdwoaﬁdlsm@bammure amigaddytbe eolvmediadedicrlponepartng ey aldioAe & short

vi ews agerggz}t%r ’}tﬂ{e'u%'m% e \%ct'r?)ﬂdv Y6 slit e@éﬂcﬁf?&%‘fgﬂ asliflsicfa di mensi ons, as

wel | axi s an |ast IC wa hi ckness were rreasuredfromthe
M node parnaldarrtgslelb!pcbwam gddedend ecnmfivirg teekjan theé?ﬁ)é’ﬁkumr@n@)welﬂﬁ]ét%?er i can

Soci et Echoc V end-di astolic (LVDA) and end- systolic
(LVSA) ¥t§1 ‘5%0%\/}5?%5‘% %ﬁ%@gyere ‘fromthe parasternal long axis and LV

e n d- di ast ol Eaimccadvdg»em«:sgeswm @ myorandialdincliEBghesadliqeApligytudies wWerg a| cul at ed
the Mforn%&gﬁmg‘t/\i@gn%é&ls I‘n' (@ﬁmfeﬁmédl&[) Witk MER Ginéak aGdyl onal

ShOI’teIEI)I ng erirved from LV cross-secti onal area in 2D short axis
vi ew. EBnsduget.TMEBhEst-of ExREWpRtENEDWeS %al@a% aHeePpssitpated imae SRS A) / LVDA) X

100% Vé&ﬁ{i‘a da\Ila(?:émg:p?cf,ﬁw1%!5‘@!@%0&&%&&51&@@%1& th{oéd?ﬂib%g Fvawl ations. All

dat a Fe- anal yze ine wmth software resident on t ul trasound system
at t he resotticd findeheontrglieddyesthasip. Feshepedmenish it easpivef] abastlitndexes were

present %c%l(}%ﬁ&ﬁb‘éﬁft@ﬂ@ eeritBhifS réRdiltd. TRo-dimensional guided M-mode and
two-dimensional (2D) echocardiography images were recorded from parasternal long- & short-
axis views. Lefi ventricular (V) end-systolic and end-diastolic dimensions, as well as systofic
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 (LVEDYV 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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consecutive neasurenents. 14 Statistics: Al norphonetric data are
collected blindly, and the code is broken at the end of the experinent.
Results are presented as nean t SD conputed fromthe average neasurenents
obt ai ned fromeach heart. Statistical significance for conparison between
two neasurenents is determ ned using the unpaired two-tailed Student's t
test. Values of P < 0.05 are considered to be significant. |Il1. CM-induced
i ncreased survival potential and Cardiogenic Differentiation of MSCs ex vivo
Referring to FIG 2, following two days treatnent with CV (10 pg(nt) in

t he cul tur

up- regul at §t tlf:%%ggr?égﬁjﬁ&ﬁﬁﬂg eé ?.IIEP@ %g{?(gs ﬂa@bnrfd\,{ﬁfcﬁkg é%%gt%é %‘ed by
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phosphQnfltdidd HBe Ligatat ed MSCs, nore than 90% of them when cultured for 2
addi ti onal days became positi veI y stained with the anti body specific to
nyocyte enhancer factor 2 (MEF2), one of the earliest markers for the

cardi qg@w.lddhmmasammav&t&ﬁw #hd CRAldB! %:@bﬁfe%aatﬁfn%@mcs@x&m nucl ei
(FIG 2a confir ern blo b: ifndircating their
conmi t nent %rrelértw%‘gérﬁoléowa f"é}@ﬁ% ‘if%iiif'l“f@hw‘ﬂll FNWa{éO Hﬂﬂ*éhnﬂh‘?&tﬂ“tf%e cul tured

MSCs  {he&@rddflbn @ﬂho@ﬁ@Aﬁlesﬁtgﬁifﬁhrﬂ@Qp@é%u Eéti'cm%gd /M iR AfbYeatefr! G 220 2),

as indicated by t bl ue nucleus possi because not all cultured MSCs

were CORYERE éﬂ“‘&é%ﬁedt‘:ﬁém%}%ﬁy@(jm‘%a‘ stipiog @F BatsatyidmnpeadisaeseciBy tovE or

' becauqﬁo@amm p@mwewwuetdg@ﬁn@a keRtnRshiy B thd\StdMBRTFRT. RN OfestddBCs -
Simlarly, the cul tured MSCs were gosmlvelxj stained with the
S

ant i bdtt %b@&eﬁﬂ@tm? wersaset eXRrgasian a{RYSARO te A 1plds gy ivetsgied edls| s bei ng
stain dxcrrez@ BAD. hh@n&:yﬂe R (CE|u§reg¥1&ted3/}8Csaﬁgre(i@dﬁfgo%mhéﬁywﬁéﬁst ern bl ot
(FI G %g 7?{% &B‘? “?%/E uIture‘ g g@ence of , while control
cel | s SHeted F gatqiienakdays Reeamp posiffye B’tsﬁf"é Wgﬁ i2tikody spscrisdg BEOYER| G 2a: 4 &
tZE Bse}lhan-Eélefact%@[@lﬂﬂgm,@he bmﬁa@mﬁ@maﬂcerﬁ\ﬁmeaﬁ&oﬁﬁ@n@x@ ﬁc%]ijivﬁ/gbiclgconfl r med

e |nuc car.dli o I O vel O (0] ex Vvivo.
I'n Flcgzm@ﬁta‘ ngd grangeda ﬂfeg‘r”& ('? ﬁﬁ?e@%y\%ﬁ?sfeén ot @%G it $¥at ed control .
L. Thﬁb@mgwelr@orﬁmt@@m wcmﬁg@mﬂﬂfﬁmlaﬁdnom waé ndvChathedulieRd RECW th CMF To
gle]E fe ;Eé‘?q% p%&aﬁéaseltwe yhs?atrlxe Ef ?u?‘t? E&Fﬁ‘éﬂt\lﬁﬁy EFIB p: eg)t g’f‘llndl%ar!]tgd t?ya;c e(-j faiogem ¢

nucleus possibly because not all cuttured MSCs were converted down the cardiogenic

differentiation pathway by CMF or because some minor impurities existed in the preparation of
MSCs. Similarly, most of the cultured MSCs were positively stained with the antibody specific
to heart type myosin heavy chain, positive cells being stained red in the cytoplasm (FIG. 2a: 3)
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 CMP-induced cardiogenic
differentiation development of MSCs ex vivo. In FIG. 2b, A stands for CMF-treated sample

whiie B for untreated control.

1. 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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efficiency showed ex vivo in MSCs treated with CMF prior to transplantation
woul d bring about 15 significant inprovenent in repairing of M in vivo,
or in other words, whether CMF' s ex vivo effects have any therapeutic

val ues, cell transplantation experinments with M ani mal nodel were
performed, where MSCs pre-treated with CVF were inplanted in the areas of
infarct. The hom ng, survival, proliferation, cardionyogenic
differentiation and maturation of the transplanted cells were traced by
the positive signals of either D |-florescence and by i munohi stochem cal

staining,for Ki67 and.M-IC i ectlions i f t arts on day
7 aha Sy Baaientt et AN TLLrE o In gl FltTpfuld e GRT (S PR &
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scattered .Di | ignal s _ ar . . nfaret. [ seen (FIG 3: 2).
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speci fﬁ?aé’ ';nﬁ?érd%ftp %%‘B%ﬁ“?‘ﬁ@d%%?’%s @@ﬁ{?‘!“g%ghr?@?gﬁ{ ? ’e]gﬂ ?%Qt?gl@.léi})sw red- green
over | applayd EB5.Gr 3) with thirchagatersticpdtrotype phuerdienmyqciie mgra dheerysd 1y fhgo

cardio eni c.di LAt | i ted MSCs
R R e e o f

posi t | whole drfirkiszofgdisaptiondn eoniot 2o (upestedi Wik (yP)epnigscatiergd Bt probabl y
because_ s { BEY] I f4rom dideisteanspl ant ed
R R A e R i ry e

bl ue camdodagtac(spéatiic tBpouin ZePyessigpeacenkyeaabeavad fF1G: dpba) 1A the Wholritiattt ai ni ng,

i 021106, 3,585 hidk k) P Al akd FIABAAR B0k v chpas com
cardi ogeni ¢ drfferentiation in vivo, or inpurities contained in the
pr epar atikentrefonivgEspression faeandresgted foxgllo waebpreenygraprisg cfesdt e ™ early as

12 hour atd OB Y rehiRiisn SMhAHuhi@hEchevessel s and
capi | | 3@%32%&%{0?{]%"39%{3%ﬁ{%ﬁdgfja%é@lagzmmr ereobslerved ilé tﬁe?qiglgol e, i nfarct

ar eas iransphated MACsgratraged ¢ viue with rdF- Ibwasqlse ngi thakayiedion PEUMEI ac

myocyt i I 373 @28 Sprbuasly bedblidd oink edpeddritiag 3: 1, yel l ow
circl egél.sc‘(%%arggee%f?ﬁ@%m?{]&gﬂn@eew y@%#(?rrrred yvessel S i g@f hgéféf arct area of
t he CMmypexesveste et dyBed fromdhastpnaninse A ePdM admiisly: alt e 8 f 2 per

hi gh pgx\ﬁtriveféeﬁg Gotft hhe (AP B BIRIGARYIC] 3: 41RVBIMRIe ndghdreneiopoamdel s were not
D|-poSitive, 1 ndicating that the cellul ar sccl)ur £& of the .ves(?el S. may not be
deri vednmpeasiaitieg, ingisating 2 small fraction of the transplanted cells did not commit cardiogenic

differentiation in vivo, or impurities contained in the preparation of MSCs.

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 regénerating 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 doner
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 eatly revascularization in
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cells. It is contenplated that the donor M5Cs nmay be activated by
CMF-pretreatnment to stimulate and upregul ate angi ogenesi s specific
signal i ng pat hways that induce the expression of certain angi ogenic
factors, which directly enhances the process of early revascularization in
16 infarcted iyocardia. By contrast, approximately 3 2 vessels per HPF
were observed in the infarcted myocardia of non-pretreated MSCs

transpl antated controls on day 7 (FIG 3: 2, yellow circles). As shown in
FIG 3, a large nunber of donor cell derived nyocytes were clustered and
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non- |to_r @géreadtiatg Wc&%ﬁ&iﬁfﬁ%ﬁ@b@&p{% agirﬁgé@ N’ﬁgrcis gs!/tayftﬁeﬁ,:fml in}gét vﬁﬂg@% O'hnI arction,
ejection fraction, (EF). o e _pretreated- -transpl ant ed, hearts was
o) oni 1 PO R e ol b S8 o ooy 0 2l Plppiegionity 2, "and
mar kedihy tdsnay@asitn glo6y (F1G. 3: 8, B 3JegeRerdidd cardize Rjacys; N, Qrdddidiing@bmstdy 14.

Si m'IarI%/{ fracti

S ek LRSI Rl Ll st Dot e |
and wagmesticgal ifipeaembny, s deneasael i e cdRockrddgtaphyBeadBedOnt F18% &P = 0. 002) on
e Lenal0 B bAoA RRETRA A Frdieh 855y & 35 Gyt L om0
di st ri pust inmctioh, ggetion frantiof (RR) bf the prekfatedaVISCS- ragp et hdags vani ng (FS) .
(mean élfgr{it%cEa}mﬁy hiEEer((glg.“)Q :‘I:: ZQ'Bé g@ 52,1 £2.54, P =0.03) on day 2, and markedly increased

(67.13 +£2.53 vs 53.3+ 2.31, P =0.001) on day 14. Similarly, fraction shortening (FS) of the

transplanted MI heart were significantly higher (29.43 + 1.35 vs 24.07 + 1.47, P = 0.01) on day 2

and was significantly increased (31.72 % 2.57 vs 23.49 + 1.99, P = 0.002) on day 14, The

significant improvements in EF and FS are a solid reflection of the functional recovery of the

cardiac myocytes (Table 1).
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2days l4dayst 2davs 14days J' Normal (16) 71.03 1 4.05 68.24 4.79 35.65
3.99 34.02 327 Sham (32) 70.45 } 2.67 71.34 2.77 36.03 2.76 35.86 }
2.13 CMF-pretreated (32) 59.79 } 2.33* 67.13 2.53* 29.43 1.35* 31.72
2.57* WMSC control (32) 52.1 1: 2.54 53.3 2.31 24.07 1.47 23.49 1.99 ,

Si xteen rats for normal group and 32 rats for sham operated, CM--pretreated
and MSC control groups respectively. P, Eight rats for normal group and 16
rats for sham operated, CM. pretreated and MSC control groups respectively,
* EF, P=0. 03 onday2; P= 0.001 onday 14, and FS, P=0.01 onday2 and P=0.0020n
day 14. 1V. Direct Therapeutic Effects in M Mdel without Pre-treating
MBCs and Tr a%mm@b lonnfcjaﬁﬁliﬂggn{ﬁhnlgﬁazhgm!:Aﬂg%ng(é) (Wltﬁ;l—)Lr EQ\M ng direct |ocal

i njection of found two weeks post infarction that
in the ceatret—group—twHthout— M~ treatment) thg yocardium on the distal
part of the ligation si Le_besan%—?ta-abgt—am-r—a—l—y—m—t—g—ﬂesﬁjl sual inspection
due to ischelnic necrosi &daypﬁq G : y‘_\ Dy 2dxe 8 day "CIUi val ent part in

7 Dy oTTC T oo, Cric ©

CVF- tr eat geghndi@ar t s wer e7ie as| vel2y:ned i nsssappear e e3yrobably due to

neovascul arhgation (Fl G,5:,4), whieh Wasssenpar ablse:bn the non- ischenic
parts of the heart and the sizes of infarg re significantly smaller than

those in CHE*EKProl hEFIST(FIE’ *57 2) 9"'?\/“f)w%over On transect of the
infarct amrseewdfR | eft wentrsi cl @3vaPl s ofm’f hé¥ CVBR #8ated hearts (FIG 5:
3) were st gul;ufou i L,dIIL |%/ i cKker T ngﬂ&‘p ,ﬁ%fm mgrq oupsp Lfgarts (FIG 5: 4).

Hi st ol §G7TH1 OB ol T r ot and Ghectidyzes in CMF-treat ed
hearts (g P—O%cnd&ﬂj’ mmonameﬁnage aq)p)ard@xunmtﬂ@wdaﬂﬂ 1/2 times smaller than

those in the control hearts (n _8) as was caI cuI ated by nmeasuring the

i nfar gt ]y@gcmrg er ligation.
By Masson Lgd hearts,

s fou il
myocyt e- |.¥%§Feme§rq FIE'r ﬁsf?@‘} %egtm Ogg:r%lﬂ M mo%&as e sane
orie nttgs Wedks %ﬁstﬁﬂiﬁ'cﬁdﬂftﬁbd’t(iﬁ ?el cmb@nm (wuthmt cmmam@hMngdWM| e
myocardi a, were tribut in Q £gi ons
(FI G thedisl Pa‘BW’@Bﬁ%“ﬁ%fm CHENS Sﬁ?iﬁ"@%ﬂg{ 1tgé:|{10nsg§1|1¥]¥'ﬂ§%1§ U tgﬁg%;ﬁls wer e
al MDStne6RdP{Fet.&: ). ByRuitRH thelyuitdldnt mmnﬂl\&'stn@tqdéphmmatlwmeml“ng al nost
no space for sible cardio S i (FIG5: 6).
Under agp%ragwglﬁﬂ&éﬁ‘ € fq ngoypscylrizat %ﬁgﬁe 5; lc}h{"r ast Q{&HP%%]JLS&JJP g bl ue
st ai ne‘l@l:hfsmilarp@dtﬁofﬂfeafeaﬂt andcthe$izeslof gfamn pfe(cﬁlg@ﬁcaltlﬁmall@rhﬁﬂﬂm¢ wthnfarct areas
in the CMF tre were fill hat | usters,
vel | SHaEdgears ? ﬂybg%’%%ﬁr Al tra?ﬂ%ﬂ 0t%llthle léfmc{a%%hﬁﬂ%] eﬂg{fc%g%gﬁ?fssue in
bet weeammM( krbdted Hearts/(FIG.@: Bhotg Imgmlﬁeanﬂy Meldhartth@ﬂsen q€81tr01 hearts (FIG. 5: 4).

Histological observations revealed that the infarct sizes in CMF-treated hearts (n = 8) were on

average approximately 1/3-1/2 times smaller than those in the control hearts (n = 8), as was
calculated by measuring the infarct volume in the left ventricular free wall on day 14 afier
ligation. By Masson’s Trichrome staining, it was found that in CMF treated hearts, myocyte-like
cell clusters, which wete 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 ipfarct areas in the CMF treated
group were filled with regenerating myocyte clusters, well shaped to bear myocardial

morphology with little fibrous tissue in between (FIG. 5: 7), although the sizes of these
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regenerating nyocytes were smaller than the nei ghboring preexisting
myocytes, probably because they were still on the way of maturing.

Furt hernore, echocardi ography denonstrated that the replacenent of
infarcted heart tissue with structurally integrated regenerating myocardia
and reconstituted vascul atures was acconpani ed by significant functional

i nprovenent by day 2 post-infarct in CM~—treated hearts, and further

i nprovenent by day 14 conpared with control hearts, probably due to the
growth and rraturati on of t he regenerat ed rryocardi a and-vascul atures that
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effects asl{l}p(g e | t|o

CMF- pr et r eat er%g&&%no&?cﬁégrgp%&g?rg?ng{ar.alt’t%cfa??&rﬁﬁe‘} @ g’e'tjt orllng£ okl Plim was  tested
wi t h bttshe WBCstrucwkal iy irdegasied tegenetatingrhpacetdia@nd aawmtutammulawReMes ring to FIG
6a, af y l'iferation
rat o or Rt Rl sBnct G SACHARR: BF Shdsbhogt i Lifhud gl TR
medi undnd fidlfes improgment Hyiday 16 bompamdamthlcnqlt@é héags, podbablyciued o thogrewthnedi um t o
the | SEOEMGafid Ul rQfendfhte g&l rd.&%@hs%ﬁﬁl{ﬂ&\é 'g&t Eeﬁ&l?eﬁ%(i,aaihfaﬁp was observed.
Briefly, nany regenerating c di onyocytes an ne ornmed vessel s
filled with blood cells were observed in the whol e i nfarct zone (FI G 6b:

2) COMpAE Gk ot NEedaR R medi L AGRIBPEMA G N, (FI G Bb: 1) V.

Cel | ul Al ocardla a rect CVMF Treat nent
Referring tTS’ qﬂtem‘lm?“’h@tbﬁ@b@b“%ﬁd wrdivp dentaining perigirinduead powgins egstetedenent wi t h
Di I | ahetfft-acRts- M@{‘l‘@w&n@ﬁhﬁkﬁﬁo&'sfnﬁﬁ ef?e\é!sqgﬂfvﬁ? diketa #ghc%n&ﬁdr' ular origin of

the redgenerating myocardium Were derived frombone narrow MSCs. One week

af t er BemplapiationohitheéMErpetreaied Migaiotthe infatchirea, ihareonditioped yedim wser f or med as

descri peds lvith bk MR RlurE M HeB® REARNA atﬂf‘?ﬁltméc@f el o Fté WA found that
the whole infarct regions in CM-—-treated hearts were wel OCCUEI ed by Dil

| abel eHeatipt th copditioRedyapdium fprgd b, %E@hferﬁtlﬁn e oTAMPCy lmraaseftted ¥2gi ons of

havi ngc&ﬂ%rd&&@@dfﬁrﬁhh&ﬂm\{ tt?é% Ero“/ﬂ%éﬂlﬁﬂﬁy}?&k‘&lﬁéto FIGESE, lgai inR@Rhbtve cells
were clustered together bearing nyocardial-Ilirke norphology, but smaller in

si ze ceMditiony mgdithn jortlee ssheryq rgon &l medeb &@ré@@ye%megeperam?n Wgy contrast,

only achLmes @'ﬁeflﬁﬁﬁﬂy FHigknpRml thriBm E&Jyl@aﬂaaﬁ@l %ﬁg{%ﬁ@kd%&agﬁtmw&hnf arct
border zone in ol infarcted hearts é To confirmthat these

wel | oP'@ﬁﬁ’]FeﬁéH’e‘&"PS"f)‘Gg in the whelg infarct gape(Fig 6b: 2) comparf:():l with the fibrous
replacement in control (FIG. 6b: 1).

V. Cellular Origin of the Repenerated Myocardia after Direct CMF Treatment

Referring to FIG. 7, studies on MI model with bone marrow replacement with Dil labeled
MSCs have provided direct evidence that the cellular origin of the regenerating myocardium
were deﬁved 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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regenerating myocardia, immunohistochem stry with anti bodies specific to
troponin | and PCNA were perforned. It was found that nunerous Dil
positive cells distributed in the whole infarct zone were positively
stained by specific antibodies for troponin |l (FIG 7: 3) or PCNA (FIG 7:
4). These Dl and troponin | or PCNA positively stained cells were

organi zed into nyocardial- like tissue in the whole infarct zone in CW
treated hearts (FIG 7: 3 & 4). Under higher power field, these
regenerating nyocardial-like tissues showed the typical norphol ogy of

ny ocar gl tifatith oGt @R mhMdRlkRh iR, WirsdaisQMISpiMRYo REFMRANNI BERAET at i ng
myocyt es, |nd|cat|ng the ultrastructural maturation of the I ndividual

r egeneVECIPREOPAdY FE fPynddhat Avaereus Rilipesive sellsidisbuted inghe wholginfargy t hout t he

struct yyR Iwemsceeaep bt@iﬂedwsyse&fb diBodi RESMRD A DEFICYR QY bereNAEGbet ween  the
regeneratlng ﬁgoc di um and g]pre exi sting viable myocardi um functional
&)

i nt egr & Thes d gopraky o S ArRositRslY Etﬁfleda‘t?fl? ‘O’Pff’)?rg%lﬁ‘l"‘ﬂ“‘i?d%yoﬁaé igaar ant eed.

These [RIARE iAHeehoIBRE ndin @Lqeuaatemeat\fﬁmmeﬂ B 69). BHa9hich&pobat al infarct
vol une _on day 14 post-infarct contrast, in control hearts, only a

few cefifld. %Féegsw%ms P pesHisi-like a??aeseiwwiﬁidgff typigal WW@ Beerdinhd ar ound

the Veﬁr&ﬁhl‘éaﬂmﬁeﬂcﬂaﬂe@@is& SnAdctibh BibwERNeeh@RinFRhydkytes) MauRingdhdy fi brous scar
(FIG 7. 6). These %gkts denmonstrated that the CVF |nduce9 regenerating
my oc ar WiraTHugRE! f”ﬁ’ﬁ‘ﬁaﬁl% e infiyidyalrrssagating myoe e e higeratsd myesgdium v/

Manuf aguar 7.y, Whissutiae emtotueaalmtéé@dﬁéﬁsetm&rtse Rpcherblifg mybls@s, dnilbetiveat | ng

i schem ¢ heart dlsea ce t he effective chem cal conmpound is

i dent | 1 EReAHRINg ApeFaf 36‘1? prg &ES@?%‘M PyPCER T f'ﬁ'F DEEBHR B8 ¢ he
conpousgiciabhow eatiafral aeuuhﬂsyemumot Boduaiahiagl. Thee e@ematmg nfyogainat ur al

resources such a henlca nt.hesi s ous pharnaceutica
o oefrpRt sy R I o e ARG ol A E et B e oy
subst agdniial hegrt ohleg ac‘mrmgl m@lreumm@pMn Bhndmgﬂ pospive asEwer® @ca&at’emrandevel oped

processes str CIfI of maki ) rmaceutica

Por mut 0 vories e B8 Glal P v oG BTk ZifPt g abl et

capsul gsulisidsmensdihnd thaStyé QMIF ifiduoed negmmamag myeapbungss faneiond tndaritedof t he
inventhon and q@#@ of ordinary skill in the art of the pharmaceutical

i ndust ngp@a@ G5t applying one or nore processes established in the
|ndustry to the practice of the present invention. Alternatively, people of

onctoe Y b b o R s R S B AR i oo 1
1

bet t er d"géja'ses in Mammals ) , the
pat ent =Gt pat erit appllcatlon dat abases provided at USPTO official website

contain ri C(Bncle 2QHEGRR B (rsorllrllprcl.w nc[’ms1 t%ie%ggé %ﬁ&ﬁ&tdrgﬂlsmntially pure

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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20 formul ati ons and products fromeffective chem cal conpounds. Another
useful source of information is Handbook of Pharnmaceuti cal Manufacturing
Formul 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"plant extract” means a m xture of

nat ural occurring conpounds obtained fromparts of a plant, where at | east
10% of the total dried nass is unidentified conpounds. In other words, a
plant extract does not enconpass an identified conpound substantially

puri f'ﬁﬁnﬁl&@dﬁshﬁ@pﬁ&@&tﬁmﬂ?ﬁcﬁ\% Héma@{l Hg&ﬁﬂ%};&ﬁ%er% lpéo%@éc'éf Crreans an

ingredient contained in a form inally active
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out f uaeamRAtahpdaY ﬂlbstﬁﬂﬁllrﬁlﬁﬁ’ieﬁffmm'tﬁe plaVERe AN pREMARRidEekclpiner Preferred
enbodi nent thereof, it w| be understood that various om ssSions and

subst | PEAT &M Eeripnceonitiged in 2dsve taantlesiomtha it nelet pdicinaly ative casboemtnent s

i |1 usttiatiach “anrwﬁéctﬁ'e aftBhe’ Bt B8 Qmdkitldha @ siifficlelo lidic MMhdri}Riic dgpar ting
i,nvention, The invention is not limted by the
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OH formula (1) 2. Use according to claim11, wherein said conpound is said
backbone structure itself wthout any substitution. 3. Use according to
claim1l1, wherein said conpound is selected fromthe group consisting of.
HOHO \ O\ O HO11l- = OHOI1l1. CH2OH = CHZOHO HOO2C HOO OH HOHOH O

O—lnigaicﬁ;mﬂ .rosamultin OH 23 Ho HOB COON Ham . HOIl- z O
CH20H Ho OH2c 33,19 a,23-tetrahydroxy O
urs-12-en-28-o0ic acid OH 5 Suavi ssinpbside RI HO HQ COON COCH

1. 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 regenerating
myocytes or myocardia in the heart of a mammalian subject suffering an injured heart
muscle.

HO

HO
OH

HO

OH

formula (I)

2. Use according to claim 1, wherein said compound is said backbone structure itself
without any substitution.

3. Use according to claim 1, wherein said compound is selected from the group
consisting of:

OoH

4 rosamultin

nigaichigoside F1 OH
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HOn', HOum HO HOD..... 3 Tornmentic acid 6 euscaphic acid 4. Use
according to claim3, wherein said conpound is: HOB HOU = O CH2OH HO O
HOHZC OH OH H nigaichigoside F1 OH 5. Use according to claim4, wherein
said injured heart nuscle is caused by an ischemc event. 24 6. Use
according to claim5, wherein said ischemc event is nyocatdial infarction.
7. Use according to claiml, :wherein said nyocytes or H&yocardia are
regenerated in a procesg. i Sing one or nore stepImsf i ncreasing
viability of myogenic pref br cells to enable said p 50r cells to

survive through an abs gchemc period; (b) Gr g a danmaged
bl ood supply netwogk |i g $ q

hédt regi on where nmuscle is
| ocat ed; andoi. ci'Bo~Car di onmyogeniyg, difTe i ci ency of
sai d precursor pwn car di ac | i neage, rformed
si mul t aneousPy 0% dny particul ar or deo® 3 claim7,
wherei n said gygoeni c precursor cells are nmesa | I's com ng

from bone marrow t hrough bl ood circul ati df°%9." Use accofding/to claim1
wherein said regeneration further conprises the steps of; [
plurality of 2&tem’Cé-PE @Y BB/t acting said stemcells wit
Lirs-12-en-28-0ic acid OH

5 Suvavissimoside R1

|
EEEETTEEH

HQ, 3 H

e
2
s

RO
HOH

HO

How"

3 Tormentic acid

6 euscaphic acid

4. Use according to claim 3, wherein said compound is:

HOl-

HO

S
HOH,C

nigaichigoside F1  OH

5. Use according to claim 4, wherein said injured heart muscle is caused by an
ischemic event.
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conpound or said functional derivative for a period of tine;, and (c)
transplanting said cells into an infarcted or damaged heart tissue of said
manmal i an subj ect. 10. Use according to claiml, wherein said regeneration
further conprises the steps of. (a) culturing a plurality of MSCs or

endot hel i A : LY t.al i i : d or said
functi onaqabggg{x%?g?llhgteoa?lgﬂ %fq%lgegéllggélgga CP‘?IRNQ ;e%%lg)lp%gg%egf@%agb% d culture

nmedi um ai ni ng secr.eta rotei.ns fromsaid Cs or endothelial cells;
Bnd (0) damspCioRRngf LR S Dot O I e R eI PR AR e o an

¢

i nfarct eSS IMPIRIERRSUMRPHSEPS &f (BHBRISBHRS Yebitibt AfBYeseniCor nul a (1) or a
f unct i ondtreqyesor gells to enalie said preceiserrsilntp susyive deough anageglatedschegiqryocyt es or
myocar di aerindi(hpragerstituting agdamagedrblopd pupplibjeswerkgnsdid heartregion whare ed heart
nmuscl e 12aidAnjrosvirousett iadotedi agl (cpertianging ddrdiontyegeiindisikrantisgorpound i s
sel ect ed efficendytod said poacprsoneis sibivaganlizsc HnekrersdiDst€ps bidhgd perform@i HOlI 11. O
CHZOH = Giidedncbik b aby phkicid oddeZC O OH 4 rosamultin OH
ni gai chigoside F1 OH 25 HOHO COONHOII-" = HOIl~ =0 CH2OH HO HO O

8. Use according to claim 7, wherein said myogenic precursor cells are mesenchymal

stem cells coming from bone marrow through blood circulation.

9. Use according to claim 1, wherein said regeneration further comprises the steps of:
(a) obtaining a plurality of stem cells; (b) contacting said stem cells with said
compound or said functional derivative for a period of time; and (c) transplanting said
cells into an infarcted or damaged heart tissue of said mammalian subject.

10. Use according to claim 1, wherein said regeneration further comprises 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
an infarct area.

11. A compound with a backbone structure of formula (I) or a functional derivative
of said compound for use in regenerating myocytes or myocardia in the heart of a
mammalian subject suffering an injured heart muscle

12. A compound according to claim 11, wherein said compound is selected from the
group consisting of’

o

OH

R . 4 Iti OH
nigaichigoside F1 OH rosamultin
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HOHzc®™ HOOC OH 2 ,3 fs ,19 a .23-tetrahydroxy off

OH 5 Suavissinoside R HOB HO COON COON HOUm HO lw HO = HOU.o,,.
Tormentic acid 6 cuscaphic acid 13. A conpound according to claim 12,

wherein said conpound is: H O- HO111

ni gai chi goside F1 OH 26

HO

HO

HOH,C

2 38,19 v 23-tetrahydroxy
Lrs-12-en-28-oic acid

HO -

HO

3 Tormentic acid

=0 CH2ZOH HO O HO#ZC OH OH

H

HOIn-
HOP™ ™
HOOC
OH
OH
5 Suavissimoside R1
Ho,  :

HOlne

How

6 cuscaphic acid

13. A compound according to claim 12, wherein said compound is:

nigaichigoside F1 ~ OH

26

urs-12-en-28-o0ic acid

3
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