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WD 20051000245 PCT/ US2004/ 020277 COVPCSI TI ONS AND
METHODS FOR | NCREASI NG TELOVERASE ACTI VI TY Field of
the Invention The present invention relates to nethods
and conpositions for inducing telonerase 5 activity
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sengseenwe fiesilisieathy. o¥indeithe Joaypfitelamariegepeats in somatic cells, leading to
senescence, is augmented by low telomerase activity, induction of telomerase activity,

which has the effect of adding arrays of telomeric repeats to telomeres, thereby imparts to
mortal somatic cells increased replicative capacity, and impart to senescent cells the ability
to proliferate and appropriately exit the cell cycle upon repair of damaged tissue.

Potential therapeutic benefits of increased telomerase activity in somatic cells

include, for example, treatment of AIDS, wvhich is characterized by the early senescence

of the cytotoxic T lymphocytes (CD8+ cells) which are responsible for killing infected
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I WD 2005/ 000245 PCT/ US2004/ 020277 CD4+ cells (see

e.g. Dagarag et at, 2003); neuroprotection in
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adrenocortical cells (see e.g. Thomas et at, 2000) or
PO00e214dw or stromal / mesenchymal graft cePCE/USEOH020277
e.g. Sinonsen et al., 2002). Full citations of these
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‘Increasing proliferative capacity and preventing

Virol. 77(5):3077-83 (Mar 2003).

Farwell, D.G. et al., "Genetic and epigenetic changes in human epithelial cells
immortalized by telomerase", American Journal of Pathology 156 (5):1537-47 (May
2000).

Fujimoto, R. et al., "Expression of telomerase components in oral keratinocytes and
squamous cell carcinomas", Oral Oncology 37(2):132-40 (Feb 2001).

Funk, Walter D. et al., "Telomerase expression restores derimal integrity to in vitro-

aged fibroblasts in a reconstituted skin model", Experimental Cell Research

| 258(2):270-278 (Aug 1, 2000).

Hannon, G.J. and Beach, D.H., “Increasing proliferative capacity and preventing

replicative senescence by increasing telomerase activity and inhibiting pathways inhibiting
cell proliferation”, PCT Int. Appl. Pubn. No. WO 2000/031238 (June 2000).
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replicative senescence by increasing tel onerase
activity and inhibiting pathways inhibiting cell
proliferation", PCT Int. Appl. Pubn. No. WO
2000/ 031238 (Tune 2000). 2 WD 2005/ 000245
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1998hophys Res Commun 301(4):103 8-44 (Feb 21 2003).

Kang, M.K. et al., "Replicative senescence of normal human oral keratinocytes is
associated with the loss of telomerase activity without shortening of telomeres”, Cell
Growth & Differentiation 9(1):85-95 (Jan 1998).

Kim, N.W. et al., “Telomerase activity assays”, U.S. Patent No. 5,629,154 (May
1997).

Lee, K M. et al., "Immortalization with telomerase of the Nestin-positive cells of

the human pancreas", Biochem Biophys Res Commun 301(4):1038-44 (Feb 21 2003).

Ludwig, A. et al., “Ribozyme cleavage of telomerase mRINA sensitizes breast
epithelial cells to inhibitors of topoisomerase”, Cancer Res., 61- 3053-3061 (2001).
Mattson, M.P., "Emerging neuroprotective strategies for Alzheimer's disease:

dietary restriction, telomerase activation, and stem cell therapy" , Exp Geroniol.
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J. Bone and Mineral Res. 16(8):1453-1464 (2001).

Methods of increasing telomerase activity therapeutically have been investigated by,
for example, Bodnar (1997), White (2000), Hannon e al. (1999; 2000), Franzese et al.
(2001), and Yudoh ef al. (2001), all cited above. Inthese reports, telomerase activity is
generally increased by overexpression of hTRT, the gene encoding the protein component
of human telomerase, or by expression of proteins which mediate assembly of telomerase,

e.g. heat shock proteins (White). Franzese ef al. reported that Saquinavir, a protease
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c cultu vitro.or ex vivo, or in 0
o bR Biboftsgrs hergrpopifins S5 A coRpqup 1Rl L I,
or NG HEHcAKLdBET  ALRcAU $heakénti6 InéludEXB i TaidhsSof such
particul arly non-human mammuals. I n particul ar

nm%@éfs frssa in qoRmelG mpBaseriighandpbamaralical appligrsions inf

“parfi@i18Uh Apdlicatibns widre Inkleadfe Qﬁ%ﬁf&spgﬁlv%@&lls mgﬁh% Qé or

the | nventl on include fornulations of” such onpounds
expgased ig be, ibanefisinleMethodn of vsingahe tamnouadiang ifamé@t&w itleggof for

suck R@bflc‘%ﬁ&ﬁsoaﬂé a sb ﬁec;'v{’deg %&1{1&}{4’ %@thb@s B3P fﬂpisﬁr?% 1%?651@0 such

easi n rase’ activity in ce
fordnd,atlons aftex p:ieaateedi farpotmlyarsegeaf] in¢redsing mmedase @¢tlvus|1mgells or

" eelil %n%)o‘g nds .a formul ati ons thereof for such
HssUSSHTAS P51 GHEMIS al so provi ded, incl uding net hods for -
apwhybn&gm@ invaationindtdus) in @ns biphct, £ method @ﬂl'mfasiag tedsmérhe
for, or advanta i.ncreasin el rase .
actfiEy i SO rehsath | hagnothad P AR LT R ith
fornlk1@tiBh 85/ solafed @BinpBilhd TEOHARSY, fdrRuldTE opFPRflla TH below. In

nmet hod of increasing tel onerase
preferred embodiments, the compound is of formula I or II below. The method may

further comprise the preliminary step of identifying a cell or tissue in which an increase in

telomerase activity is desired.
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activity in a cell or tissue. The nethod conprises
contacting the cell or tissue wwth a fornul ation of
an isolated conpound of fornmula I, fornmula I, or
formula Il below. In preferred enbodi nents, the
conmpound is of fornmula | or n below The nethod nmay

o tdomeoomisnpri se the prelimnary step of i demrcirfugzaogom277
cell or tissue in which an increase in 25 tel onerase
activity is desired. 7 WD 2005/ 000245

PCT/U82004/ @ﬁ' P conpounds of formula I: ORS O
4230 pppoungs o formule Iy =55 " and X3 i's i ndependent |y
sel ected from hydroxy, |ower al koxy, |ower acyl oxy,
keto, and a glycoside; 5 ORS is sel egfd from hydr oxy,
| ower al koxy, |ower acyl oxy, and osi de; wherein
any of the hydroxyl groups on said gl ycoside may be
substituted with a further gl jde, |ower alkyl, or
| ower acyl, such that the_gf’“~ igcl udes a maxi num
of three glycosides; ' y and represents
a doubl e bond between or, in 10
preferred enmbodi meny sy~ g together with carbon
9, a fused cyclopropyl A\ zand represents a single
bond between carbons 9 and 11. yPreferably, the
conpound |ncludes ,Z€ro, one, or two, nore preferably

zer adrofiXioX’, agil )& ssndrpendemsiysselsttedifiosnhydsonsy fogeer alkpey lower
e I osi de. Preferably, glycosides are

szb%%ee% %1 %?g’ § occurring) configuration. 15 In

sel aR'ad s@mmld‘mm hyctroxy, Idvormalkexyl Jovesa etylorty, Xud aglpicosile;

dependent el ect ed fron1h ro
5 SRR E bl A A8 e BBV
mﬂmﬁclﬁyﬁn@mwermyebr Rivkpadyyl, sushehat aleydomponnd acdesand
COSIde In furthgr enbodi nents, XI is OHor a
%ﬁ%ﬁﬁ&% eel¥psgFs Bdand OR is independently OH of a
gl yogsi Hﬁthyﬁéiﬂ -Xrepfeserfthh %ulkl@b@ndﬁéft%ﬁi ae[r!ymﬁ@rmd ungls, in

of fornula | include astragal oside IV,

regfeTehanbatiasnst R AareaerBeT WHbrbgr ot f"d‘ed 9xplopgonyhEng, and

LY el 0ABHE ae8pe! |bcu§d gé%w%n QhisRyiRna si de, and
cycloastrageno - ﬁwdw%ﬁopyran05|de In sel ected

e b diefmehlysthe cgmgoqu Zierp, 98f.cu ttwe, peigpreferably zero or two,
ﬁ; orsf’agé In&?é cg%vﬂlé{r is Q%%h%?e?it\{zﬂﬁ %rfg}therab%;c%ﬁgg nf;llefcuﬁlﬁ‘j?j glycosides

are of the D (naturally occurring) configuration.

In selected embodiments of formula X, each of X' and X* is independently selected
from hydroxy, lower alkoxy, lower acyloxy, and a glycoside, and X is selected from
hydroxy, lower alkoxy, lower acyloxy, keto, and a glycoside. In further embodiments, X!
is OH or a glycoside, each of X? and OR' is independently OH or a glycoside, and X is
OH or keto. Exemplary compounds of formula ¥ include astragaloside IV,
cycloastragenol, astragenol, astragaloside IV 16-one, cycloastragenol 6-p-D-
glucopyranoside, and cycloastragenol 3-p -D-xylopyranoside. In selected embodiments,
the compound is selected from astragaloside IV, cycloastragenol, astragenol, and

astragaloside IV 16-one. In one embodiment, the compound is astragaloside IV.



astragal oside IV 16-one. In one enbodi nent, the
conpound i s astragal oside IV. 25 S WD 2005/ 000245

PCT/ US2004/ 020277 1 n conpounds of forrmula LI: 3 O~
X5 X4 1l each of X and X5 is independently sel ected
f h xy, |lower al koxy, lower 5 acyl oxy,
Qggg%bé@%goside, and OR3 is sel ected fron1hyd¥§%%%m”mﬂnﬂ
| oner al koxy, |ower acyloxy, and a glycoside, wherein
any of the hydroxyl groups on said glycoside my be

S upsdondpdtueld offdriwi IIf ur t her gl ycosi de, | ower alkyl, or
| ower acyl, such that the conpound includes a nmaxi mum
of three glycosides. 10 Preferably, the conmpound

i ncl udes zero, one, or two glycosides, \ngge of which
is substituted with a further glycosige; glycosides
are preferably of the D configurati/on{ In selected

enbodi ments of formula It, each of ¥pOand OR3 is
sel ected from hydroxy, |ower .~ | oner acyl oxy,
and a glycoside, and X5 is sglle¢t x’m hydr oxy,

| oner al koxy, |ower acyl
enmbodi nents, X is OH or
and OR3 is OK In one eXbo , Xis OR In
conmpounds of fornmula LII: "Xa OR4 Xe H X7 |11 each of
X6, X7, and X8 is independently sel ected fron%%ydroxy,
| og@g gabékRawé ib muqrendaﬁwd f m@{:%eddlfﬁim)hychfbd/, ovgk lylll(zoxy dewyer
n IS se|ect rom hydroxy, |ower al koxy,
aCY?CBWe‘fet%@W B%KEY,CO da%§g| ycosi de, 9 WO 20051000245

PCHRUSZHO4ZO8 hydroxy, lower alkoxy, lower acyloxy, and a glycoside,
wherein any of the hydroxy1 groups on said glycoside may be substituted with a

geto (=0 . In further
cosi de, and each of X5

further glycoside, lower alkyl, or lower acyl, such that the compound includes a maximum
 ofthree glycosides. | - -
| 10 Preferably, the compound includes zero, one, or two glycosides, none of which is
substituted with a further glycoside; glycosides are preferably of the D configuration.

In selected embodiments of formula X, each of X*and OR’is selected from
hydroxy, lower alkoxy, lower acyloxy, and a glycoside, and X is selected from hydroxsy,
lower alkoxy, lower acyloxy, and keto (=O). In further embodiments, X is OH or a

15 glycoside, and each of X° and OR® is OH. In one embodiment, X' is OH.

In compounds of formula TTI:

1
each of X%, X', and X* is independently selected from hydroxy, lower alkoxy, lovwer
acyloxy, keto, and a glycoside, and
20 OR’is selected from hydroxy, lower alkoxy, lower acyloxy, and a glycoside,
9
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wherei n any of the hydroxyl groups on said glycoside

may be substituted with a further glycoside, |ower

al kyl, or lower acyl, such that the conpound includes

a maxi mum of three glycosides. Preferably, the

conpound i ncludes zero, one, or two glycosides, none

VO puas/edo2dss 5 substituted with a further gl yogisoe/020277
gl ycosides are preferably of the D configuration. In

sel ected enbodi nents of fornula 171, each of X6, X,

X$ nd. OR ependent | ected fro 0
Frein Joc 06 The QPO L B S GV Eoegle g e Qe aged yigh o
ﬁnﬂfeegﬁts@hieylo%} g&y1e8 r [0 abydaeh thay t1R &?o@lﬂﬁ&ﬁieﬁ@mab@num
further enbodlnents each of Xs and is OH and

daeaelyosifes- and X7 is i ndependently sel ected from
h?_l"gfe?&)fﬁl atﬂgc&np;'ﬁgnal ﬁf& Qéésqgro bhe, oF {\M gl@%std@? one of which is

0|rrents each and Xa 138" OH, X 1S a

sulggtitnéagisivitea ﬁmeeglmqﬁléﬁ glmmmpreferdbkyr crﬁiilhan mmﬁgulsatlon
RH I, 1l

e i T

mdepdflﬂantyrsalebtedl frofn Hy dybxf, lmerlaﬂsﬁy loweredcllegy, ianda lgcoside, and is
f teI ase.a Vi.t

ordirSY Sees A B by By A BRSS! eobiments. paghyot X
ancae»lxése ,OHt anﬁ%aﬁi oﬁﬁ%aga gdt@i:hdeﬂeawennsi séléxted fote hydrowys ?;mg\ ;

ce s tre al Sol ve | .
glygesidey In stil ﬁé@fgw dipgnts; et Pﬂb%lu?’r%wgﬁé qunﬂ is a
glyBSRRdI ATESlefplab g oW Gornful £k RClidsfostd Rfoduce a

| evel of teI onerase activity in Keratinocytes or

f i Brrogfemed eompeyndref dormadp L AL ar HRamovgswhsp fompulatediga solvent
at %Mgcgﬁgrgfaﬁ Sf {,}Eﬁrﬂ bori§ s%ﬁgétlvg % Ex%'dgcﬁg\lﬁl/e? of treﬁ)%ﬁge activity

sal as heasur assa
in lcmampc)bajorifé)rcéﬂasts as niceppd mrayTI&bPrpssamdsle@sft Sﬂ%rgmltexsthan
thehlgelem Slal Céeqsq(eag%%?@ggls% ltverﬂ\/lg ™ FI én[ : ags%' gsln(?etsggbed

hereis T Agehropreferrdd eﬁla:@tiﬁmjmd as dﬂ)ﬁlprldll@ effétel)/e toEproduce alevel of
teli%B?rfngﬁBQ‘fl'ng)}n ggr&fué%;éljtes( ?ogle{sltsh %Q Irngas}ire%en Q"Fk% assay, “at least

10€% Yeedafea stk apeiRod] Gr PaiDcail ieARIRINOSI D) vent! as measured in a TRAP
(cycl oastragenol 3-0- D-xyl opyranoside), and 8

assebg?%f%eéﬁ%%@fem ). In selected enbodi nents, the

CORROMMShy ic8m ﬁéun%i@ begbeslids om xrﬁ&a@tlﬁeéaam&dqg Flgeﬁ ghd
as 1éastra gal osi de I , 2 (cycl oastragenol),
designsted gusinois)L, (asfr )b (elorsagechnd fastrigenoD, 4

d
(asieigfs fd%%el%g&?é;%"@??z?aé&x% Tep% BRydronrop mettl-19-
norfﬁangstg , Sdicoo)py (@mlmagﬂegenlohm-ﬂ g#(comahmsi_e) agteymMaftrhaoenol 3-B-
X r S| dae) .. r e e odl nts, e .
DO s Eaieq BRI isolon Sl PRl BR S theteogund i
seldeteddrons thode dihated H&elﬁ a§1 € gA1MRotb@Fa&s&%may,®

I s astragal osi de |vj§ ﬁﬁ¥ oast rageno
(astragonely bfeseagaloside I gl &ron 3 ¥4§16R9P<Y~3ﬁ 168 ﬁﬁﬁl@ydroxy—%-
ROHAGh QL1 91 d Goyblibastra@énol blg- it defYbnd 7
fhlgssue m;]y c1 rrp{rglﬁ‘li)a %?'lé or rag nsoa{S cé’nt 2 r&ﬁads ofan
(cyclgestiagénol Bgp-R-yEipyranoside). In further embodiments, the compound is
selected from those designated herein as 1, 2, 3, 4, and 5. In one embodiment, the
compound is astragaloside I'V (1) or cycloastragenol (2).

The method of contacting a formulation of an isolated compound of formula X, 1T,

-or II with a cell or tissue may comprise, prior to said contacting, identifying a cell or
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10 WD 2003/ 000245 PCT/ US200J/ 020277 tissue in which
an increase in telonerase activity is desired.
Benefits to be realized by increasing telonmerase
activity in a cell or tissue include, for exanple,

nt of the replicative capacity and/
span 6@ Sald cell or cells within gald ¥|ssuégy?kb&ﬁmﬂn”
nmet hod may i ncl ude diagnosing a condition in a subject
such that increasing 5 telonerase activity in the

tissG@inl vehi€l arl ih&844€ irDfelonkieraSeIijtiORY isidesitas Bessts tadd realized by
admnistering the, forpulation tqQ the subjec

incigppjecielomesasp ARIVEY H? Gl oRtistHa IncAe. sfaﬂo?%raﬂe E?eﬁera%nt gfthe

rephém@ ca%uaiy%a/o? [1fe%§£1'1 Ittsaid SHFGr &LROithih 9iStig¥Y | ncl ude,
for exanple, HV infection, various degenerative

di Beagethod macicide degneosiag)a aenditianie a gibjeshgigh that increasing
|
el EAR0SE Ry Y LB Tishe of E SRALES At Ml oGl e
forlmﬂatabrt toghssubRcial Be snubg:éom theprefiorahlys: mammodlipe subgesty sechaas a
hunza;r]lé Ifagt of %th % guczln oIt 1tli]oense aly %lnec'iuné'e for g‘)%ﬁl?leaﬁIV r&%ctlon
vartb'ui éegeferhipri diﬂeasea,tsaeld abmeﬂbdég&ﬁeaﬁvaaimasea@gate,ratﬂe disease of
hr oni ¢ .venous. ul.cer ul.cer, a conpr.ess

the e or oA ECEEPEion, AFAROSTS GRbuRmg MR ET s
alsd iQEL@E Wonds AE 6efladagd Yr chidgiciconditibris@f tmrepMerdeﬁ siiaht 3 0fd B

of trgatlng a condition in a patient, §é’ %%
exapRlss & Dpig; HRbEIsIRPean BEiSIoN: axadt Hts> ¢ sighs VARG tays
agehf) a €Rlohi @ﬁoﬁs'ufo‘ék’ @ Rhbéthfulcdad édfressioh BlcBeh BRGsure sores, a

conpr|S|ng ad n1n|ster|ng to a patient in need of such
mugqsglatqepand kgloidifgrpatiozti on of an i sol ated conpound of

f oé&‘sl&cgn tfd mf/é?ﬁleh' k)?o{n'des REth8ds Jﬁfeﬁﬁﬂoaa c!ohéhtto@ﬁl a patient,

I ne %o onposi tions may be adm ni stered by
sucly ag ﬂhosﬁantmb@ge b&mcreaarmteéomer@ﬁeapm\yty i @B$ extissye ofghe
r

paclfl AUFEAId domofilind anpﬁztgﬁg%@na Satieh 1 hedd Yl ERathent, o
formmlb:qlcemf ahmsoﬂate&iactdmmmudd}of fnmnms iofi prinela dfyer aforrada Il 4sy

i n or tls ue of th ster
ccsiB FheE:, b sy Shay o4 a0 o ious RS d® S
oraWQfﬁcfaﬂWQtparenf‘eea‘llpound of fornula | or H in a
BTt S3be P b s B Sl T Lt
subﬁ&ﬁ%'tféﬁﬁne@it BRinbResied télb8RtasSktiRly i M&ﬂ oPlissEd16RE Subject, arnd
condition of the epiderm.s, conprisi contactin
admigptgangmporaraupd offorruda Ldd jo& Bl as dloseH a?«vvsnprsﬁra&%
corp ROREDERTARTPOLTC 464 phAbRicavelltc R ikt in 1840 ouch
treagm@ddi ments, the conpound is of formula | -or formula
C
R RO Byl P ERIRENR P PRLACH Sionic

condssion a@ﬁia@plddzani ‘éoﬂlﬁﬂsmg comwetmgaqildea@dmells with a toplcal

formulgtxon o} 1so?a?ég %%%Iund of formula I, of formula I, or of formula III, as

defined above. In preferred embodiments, the compound is of formula I or formula I In
further embodiments, the compound is selected from astragaloside IV, cycloastragenol,
astragenol, astragaloside IV 16-one, cycloastragenol 6-B-D-glucopyranoside,
cycloastragenol 3-B-D-xylopyranoside, and 20R,24S-epoxy-38,168,25-trihydroxy-93-

methyl-19-norlanost-1,5-diene (designated herein as S).

11
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cycl oastragenol 3-0-D- xyl opyranosi de, and
201 t, 24S- epoxy-3(3, 16(3, 25-tri hydr oxy- 9( 3-
nmet hyl -1 9-norl anost - 1, 5-di ene (designated herein as
5). 11 WD 2005/ 000245 PCT/ US2004/ 020277 The cells
with which the forrmulation is contacted may al so
wWiE kaosieomespl ant cel I's whi ch are contact ed ex PEiI§2004/020277
e.g. for cell-based therapies, or other cells in
culture. Accordingly, the invention provides a nethod
of enhancing replicative capacity of cells in vitro
or Bhe oellywith edishihe favmulation aceontagted amay akse|ipdudg exg 1y cells
ffectiv f {1 | S
whigh 3t sefBaPTPLMhe, e for s YRR raf; GPGRE, U Aiture.
Atddrdingly, thelaiventiod padyddes, a inpthbd df enhasehgxspbeativaiowariiy of gells

. of the conpounds. as def|.ned .abqve...In refe

indio HoPaco B BB HAE 10 Brtrgitdh P A G o2

cdohpositid kb RangetRapatd of iatildE o Sormfilatileorof fpouial, as
as defined above. In _general, the cells are ng In

dqtinglboseriBelbRE s eth BB iDents f Theicarpaincs A el Abgve:

plrggﬁ‘f’xl‘eg %h%édiﬂféﬁs,stﬁéfé&ﬁ Unfis SERRANAS 1 o} GrRARATBEI@W sSeRbted

one marrow strornal cells, young or early

erpbebugus ditheretmpongs epfefived abevst de epneebbe erlls e 1
tr&?s?&ﬁ%@ Fﬁﬁ:@na‘fiﬁl Letis; ﬂfj{eféaféﬁ%ﬂo@ﬂenfs? tHeSelld 1348 Glef cells, such as
satellite cells,

osteobl asts, retinal pi qrrent ed
bepi tharelw sitm cells, boneanatrow wremshoells tveunmSerly passage degmgl

el at ed aspect ' ' QM| 1e satellit
R PR B ER ool bR AT, Al cols, musole satelte
ciBpogrmbRstk,iretiall yigacatdtepishalial edliscérel HIY -reotmotsd 4P & f cells.

f I depi d ab M e foer d
X2 TR Pl SBhraehery VelbE br o Rk P ihith o

 cothi@®0g, id OMRFmaceeid M hccdpeibls vehitde, a coinyeesi ddomia lss
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keto; OR 1is selected from hydroxy, |ower alkoxy,
dericted 2o GIVEE: and a gl ycc side; 20 wherein any of the
hy dE Q% bk XOERUDSs RA ef@idinty ¥i@sdddeoiBydrbey, sskstalliontyeibwer
with a further glycoside, |ower alkyl, or |ower acyl,
acylety, ktiatand AEYERWSHGUNd i ncl udes a maxi mum of three

gl yg@ iides; and R2 is nethyl and_ represents a double
bon ’Ietvvéen carbons 9 and 11; or, in preferred
enbOR' isewetested Remfhoydnexy, tavpselkexy, W v er asgeroind 2 glycpised

CYCLARLANYY of 108y dth ESGURe a3 baghGRASE with a
bet \‘Aﬁgfﬁ‘“c%?f é{r%lg §dr§% gf%&sﬁ{rngs%r%g{b \ etﬁhaz conpound
fiirtted pfesidegiovsr kg, oclowenacyl|sydoiatibs sompavad gfclideseh
I S. SUbEI it %ﬁed ‘¥\n th & further glycoside, and
IEAFRHR PHEEC HE°BESt AR D configuration. In sel ected
enmbedigmshd a6d --L-hepreesmpos déublnbondbetveeeDehrbpnsad and 1 1; or, in
I [ . .
prgefgr%e%selmc‘jb%&in?egtds, P%ﬂf%g'mg,f together with carbon 9, a fused cyclopropyl ring, and
---—- represents a single bond between carbons 9 and 11.
Preferably, the compound includes zero, one, or two glycosides, none of which is
substituted with a further glycoside, and glycosides are of the D configuratior.
In selected embodiments of the composition, X'isOHora glycoside, and each of
%2 and OR' is indeperidently OH or a glycoside. In one embodiment, the cormpound is
astragaloside IV 16-one (designated herein as 4).

Alternatively, the composition comprises, in a pharmaceutically acceptable vehicle,

a compound of formula I as depicted above, where:

12
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X2 and OR is independently OH or a glycoside. In one
enbodi nent, the conpound is 30 astragal oside IV
16-one (designated herein as 4). Alternatively, the
conposi tion conprises, in a pharmaceutically

vehicle, a compound of formula I ;
3‘@%?@"?’2@‘%190%, where: 12 WO 2008/ 000245  FeIUS2004020277

PCT/ US2004/ 020277 one of X and X2 is selected from
hydr oxy, |ower al koxy, |ower acyl oxy, and keto, and

t he o0t Bex' dnd x2isBLGeS Ef: hyddsly, aa0é alifox K31 aéfbxyl, 8nd keto,
i ndependently sel ected from hydroxy, |ower al koxy,

ndfsrothenisa glvepsideaed a gl ycosi de; 5 wherein any of the

hy drQo¥df ra&ﬁ@ﬁl RRnRBk Sy SRl rofPydRSx B Whedrialitdk§dower
with a further glycoside,” |ower alkyl, or Iower acyl,
asyloty, aicha glydosideonpound i ncl udes a nmaxi num of three

| ycosi des: ' .. . ]
Son SRR ek AR o AP b win
fprtiet glycesiilesloverkilkg nirdowdR2closueh that thg eethpround inkludes don

9,.a fuzgﬁ C clﬁgrp | ring, and 10_ represents a
RPHGYE H e BEPHeEn Car bons 9 and 11. Preferably, the

conplidethfich@ide SeaRn@laydoatic dend bdtieh ciasbame® and 11; or, in
substjtuted wth furt her cosi de,. an ich is of
T ook R, et e T ST @ e optohyh Bl and
-_'L(._zre'is&lsﬁﬁ!t, @gn%é sundqa)éﬁ;}daﬁ%rb&gaq@ki 1|6.— 0-D-gl ucoioyr anosi de
esi gnat ed herein as and_ cycl oastragenol . . )
3- me%ﬁrﬂW WipOPULOCds PREbErite FBich l_gél_o Jebstiigted with a
2 ERASKS I wililiFis BBk TRERInGAén. 08 BROEh{bo@ient, the
conpri'ses, in a pharmaceutically acceptable vehicle

campownsis rlects fropy engloastragengl 6kPrlueryBR Eide Gepigpatediherein as
' { g [ above.
6§ hq}?cgér;&ec %g%agglxo?%# t 1Bg{ty ﬁogwggbn%u@% % s{eta %g?% (%ﬂ?:j gnated
her eiliermsivay, terhainmeeuticabeonmiosiiop canpprises. inembaumrgsutifally

f | as_defined. ab | g 2 .
e benshtle Be s ARRME rr AR Bve 2 RoREiefbluBlaiments
of eERLPPuidsard 418 defided higivat Brbreembbdingst, Fhe cdmpaand is that

rel ated aspect, the invention provides a topical
dspignatelch®® & fornul ation of a an isol ated conpound

of ok ietidn als8fprévidedieb@pdunds 6f forhulh O a8uliefideli lbowas including
defi ned above. Sel ected enbodi nent.s of _t he cop}g{g%gggt

saleeted pmbodimenthasicfingsl above. ningng papodigenisths oMo ;
({egirgn oipoung 4 s of fornula | or fornula I'l. In further
enBodi nents, the conpound is selected from X
ast dagsdlgsd abpeck,Vhe ipyeition pravidse A dpicahpharagepmical formulation of a
a%sigorlaqg%o%ﬂogr?d Jf\formula 1, of formula I, or of formula III, as defined above.
Selected embodiments of the compounds are also defined above. In preferred
embodiments, the compound is of formula I or formula II. In further embodiments, the
compound is selected from astragaloside IV, cycloastragenol, astragenol, astragaloside IV
16-one, cycloastragenol 6-3-D-glucopyranoside, cycloastragenol 3-B-D-xylopyranoside,
and 20R,24S-epoxy-3p,16p,25-trihydroxy-9p-methyl-19-norlanost-1,5-diene (designated
herein as 5). The topical formulation typically comprises one Or more components
selected from the group consisting of an emulsifier, a thickener, and a skin emollient.

Such compositions may be used for treatment of wounds or othier acute or chronic

conditions of the epidermis.
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16- one, cycl oastragenol 6-(3-D gl ucopyranoside,

cycl oastragenol 3-(3-D xyl opyranosi de, and

20R, 24S- epoxy- 3( 3, 16(3, 25-tri hydroxy- 9(3- et hyl - 19- nor

| anost -1, 5-di ene (designated herein as 5). The

topical formulation typically conprises one or nore
wonpwrents 30 sel ected fromthe group consi sPCRYSYNVEATT
enul sifier, a thickener, and a skin enollient. Such
conposi tions maybe used for treatnment of wounds or

ot her acute or chronic conditions of the epiderms

11n anothen relateshispact, tOEHAVERESR BRSSP aceyfical of OI§1UOIIS

comgﬁén@gt £litASRRIEL folaRBation VERY isSlRtelcOMAFRGd B FormQRUY offadmula
onpositions conprising a nutraceutical fornulatlon %i
SO

I, oa nf fostroula T8 dasctsfipesiabgve f Sefasted grapodimgnts p§ phe pogipopnds ags
deﬁnefl %ﬁ\;emfn rei‘énl eﬁﬁ)oﬁliﬁ{elx@ etge é&&}(&mdﬁ%lo?%r?rgﬂaef@qu‘ms

oun s are ned above. In preferred
mcluaiﬁgmemeaem tiabodikents ambﬁnndohbpse oln further prabodigents,ghggpmpound

i ncludin
sl RS, SRS Bk BRk o pe Bl aasoloNe,
cycl@airhgasl @Qiﬂiglubbﬁyrﬁmgxkl@&?&lbﬂgeg@iol BaBﬂ)-agepyzrlanomde and
astragal oside IV 16-one ast i)
20R G PO 3 HO ST IS TSR L >-dine (designated
hereffi 4 %) DIntHR %B@i%ie?@ th@ﬂﬁ’trao%@&a?ftﬁnﬁﬂﬁi@ﬁ edmprises, in addition
3, 16(3, 25- trlhé roxy-9(3-net hyl -19-norl anost-1

to tl@-xsqu@wbco(r@@gn@ gqula I; er ]Z\[I,aas,mggacepﬁcql gquﬁleqxtract which may
be agggpgg Qf g(i%PﬁzeW%ﬁ&e%yt ical formulation conprises,

to the 1solated conpound of formula |,
| IAndsoldted componud phfoeutla £, ¢rdlb ab defingdahoyve, \Aml‘é‘hnﬁﬁk?ded

emb8§ﬁ‘68ta Ay ?§F theg ra%‘u c%naagﬁ%l b‘é%s&? fqgrtﬁ@ ?&% | X df agﬁ%ds%lﬁx@nt
for tréaGihgl 6 didenss albguet Rokreatndan dy rmmasmgselcbesmss petivita oy eell or

I b
R T Lt e R e

isoldtBFécRfrouigot BHANE L % oralt dv/ddivied Bbdves aidludnrg s‘b&cted ssue.
Exanpl'es of such di seases are, di scussed

embB @GNS a8 9FEAit Apove fen FEET1eH B SHP STRHTSH? B %F‘g“af“e“t

for Jr%ﬁ%m%{t of k birofiS of (e:r‘édt@&g\dﬁltéﬁ\é? thel dpfdelt i AngeéfeGe@enbodiments
ments as descri bed above, can al so be used for

of stdhensem thefisabatest eonfound ived fosaizrk or fpsmule i dnaudipg %ﬁ‘le%d
embsgr on of fi rmH%CIgor%or%?ﬂhdﬂta% 84cH ed :ﬁ)%\%p' derms. In

such uses, the isol ated
c Oﬂﬂmpmcﬁdecﬁs afmdtiardaflseledtingia coopruwhd efﬂactmeﬁ@ ingeeapegelomerase

actx%lgrlslg %It glgdl% n‘ggn%lg\lr\%gt tt%f, %{e/'lihfg ﬁf}ilérgfatwg ﬁfag{)ﬁp&ﬁxdlolffcﬁﬁmla

1, fo‘iﬁ\lturaqj:,lmuﬂh D e dufitkd abdvecisitested for |msca|bé1a§sm inerleanewelaserase
actl vi N a ce

actq}gylp\],( NRCYiSH oaﬁ%rghlﬁ%gﬁg %%ggug%q ﬁdﬁz{b asfsa, ?ﬁ?egcrﬁ)ﬁd héfein.

Thd gér%ﬂn?e ik bdioctdSit, dleh REFURRAVE a sbiSetre &t Lebnbiratibs of 1 pug/ml
Ity to |ncrease t el oner ase aCt|V|t

i.n
or lessyiseffvtieytomsodice kilgyebef telemerasgactiyatydp lké@txgg,cyées-phﬁp{oblasts
as r5easured A ﬂ%ﬁg E&SQ)?, d; 6% 80 greater, and preferably at least 100% greater,

than that measured in said cells treated with said solvent. The derivative can then be

formulated with a topical, pharmaceutical or nutraceutical vehicle.
Also provided, in a related aspect, is a method of selecting an agent for treatment of
acute or chronic conditions of the epidermis. In accordance with this method, a derivative

of a compound of formula X, formula II, formula I, as defined above, is tested for
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25 The derivative is selected if, when fornulated in a
sol vent at a concentration of 1 Ag/ml or less, is
effective to produce a |l evel of telonerase activity in
keratinocytes or fibroblasts, as neasured in a TRAP

J east 50%greater, and preferabl St
6\8@?}0@{9@% er, than tghat nmeasur edpl n said Zel%pg}u%gow/ozozw
treated with said solvent. The derivative can then be
formul ated with a topical, pharmaceutical or

wdaua he&ieg idtiony m\&@kﬁtxﬁb@tcs’ﬂ& rStaded, V4 esch dsBaydhsidelcbes
s .a nethod of sel ectlngl an agent for

heftﬂ}ne é‘i%ﬁéﬁft“’aﬁ’f’e is seleqies it han payuad sﬂ@gtﬁ?t&ﬁg agmepgyeed in a

scr8ith dQhyTaPa cdrﬁexﬁ%@ﬁ gen &%/ﬁll\f Ethleftﬁ S@A'E?éalﬁé?‘ihana:h?t ofa solvent
der|Vat|Ve a conp f or nul , formu

coftgl,miefarably fat le@ss 1€ |gneaieratb@vﬁlat pfaa sobsnteapnfror The dm/atwe
carPAIPHORAAAR. PR USRR0ANARARTT wound heal ing activity
eratinocytes or fibroblasts, in a scratch assay as
dedbese bsﬁothﬁeubmots and Fieatuies di/die inventics it beatneedmorke fulty

ap[gigezné )\a/uhg\rgéﬂg golllg)\gv?n Icﬂa xlgﬁtcfgﬁcng orf o%@eiﬂsvggtg)g 1§ rggtg i %&ry%cuol?l
witgltlmdoeampdngingﬁhahng@f a solvent control, preferably at
| east 100% greater than that of a sol vent control. The
derivative 5 can then be fornulated with a topical
vehi cl e. These Bmfpggkg{ptgm(ﬂqhgmmm gat ures of the

i nvention _will q[ﬂgcone nor e apparent when t
f o BB herThehoxs the grerduess .05%619»?1%7 COREAYER PR tbesmethods

and ohxﬂox%Qi%kdﬁBQd h&Q8n W th the acconpanying draw ngs.
10 Brief Descrjption of the Draw ngs Figures | A-H show
t hEigute2 she v esingiease REHPlPREIAsE aifyBY HORgoRasH kemeinpqytestieeated
H@t 2Btk HESP d herein. Figure 2

wit o(%g%ﬁrl nc})gggglg%yécpﬁganer asc%é g}gt ivity in neonatal
keFlgmleﬁcsbwsam ineresse énl telomcrlaSGan@wX:inoasmamigala'ohgcyteaby 1

(asﬂ?{%ﬁ? odldE m ‘f% E%ﬁmaé’nstﬁa glgé a%lg ﬁggﬁlgr%q\é\:?nt?&, as measured

ease onerase

.maKERAPIaswy:yt es by 1 (astragal 03| de IV) in corrparison

Wi igura%%bs %egigggp cq%{fagﬁgegsegxle%ge%énég%t é%wxag wourrl‘réa ﬁlealfinc activity
of pcaemgamdg eNgh agﬂg adUTR GeStiSdt9vds g HAsLREd Mestra@h assay”.
activity of 1 (astragaloside V) in aging adult

k H1gYE ﬁdwfe@gs oLompEEETgeagrated iRases shaips wRyad ealingertivity
of F 11 St Bloside ?V)aanagqcfcﬁ)&ftr %&I&BQB ?Bur%er{%@ﬁéﬂl &erakilBGR3

owi ng wourd h Ing activity astragal osi de
| \ligwrn @ iva gesipe piresoptryeseoppteadimpgassowinp waved healing activity
of f‘@gﬁ%aﬁgﬁg f@%n ag h% H&%‘uﬁo& esCalofd én%sm %He d)r%sgxéﬁei orjf]' 61 telomerase

Show ng woun
mhlhmtng whg(yml@citxdt (Gaau 63); at ool bhgonudecagie I(GRIN137227).

t o l%‘?rér éss% gh sh%w?nngew%ﬂgd Le%h}lg gctp rt? %F {] ((:a%trggaloaside IV) in aging

. neonatal keratinocytes, in the presence and absence of the telomerase inhibitor GRN163,

and in comparison with ~2 nM PDGF (platelet derived growth factor).

Detailed Description of the Invention

L Definitions
The following terms, as used herein, have the meanings given below, unless

indicated otherwise.
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i nhi biting oligonucleotide (GRN163) or a contro

ol i gonucl eoti de (GRN137227). 25 Figure 7 is a graph
showi ng wound healing activity of 1 (astragal oside |V)
in aging neonatal keratinocytes, in the presence and
absence of the telonerase inhibitor GRN163, and in
wanpevdisan wWith -2 nM PDGF (pl atel et deri ved Pgragr0a+/020277
factor). Detail ed Description of the Invention 30 I
Definitions The follow ng ternms, as used herein, have

iven ow, .unl ess  _indicated otherw se.
S A oS e i iS58 s Il S oLt S
desé‘ltl&mh@ém)ﬁ shéVeh SIS nﬁq&a eitht EQmpBoRREk@hidii® IPfack the 19
conpounds described herein is shown bel ow. (Note that
carbenrprsLieraepayndsefistrustyredy jack Hak 1§ pasboroshowaimihis schamee-
I
AcqEpRRBY e ihodink dGletlels fRoAE AL 1HH: (Ricba %%i?fs’ihﬁot
invémtipended to limt the conpositions of the
invention.) 26 2 2s 4 27 18 20 12,17 21 19 11 13
16 911085 34576 "Akyl" refers to a fully
saturated acyclic nonoval ent tcgl ~eont ai ni ng car bon
and hydrogen, which may be B'anched or |inear.
Exanpl es of al kyl groups_arse 2 hyI ethyl, 10
n-butyl, t-butyl, n-hep ad Féopropyl. " Al koxy"
refers to a group of”t , where R'is alkyl as
defi ned above. " Ac to a group of the form
-OC(=O R, wher as defi ned above.
Accordingly, "aé to the group -C(=O R
"“Lower al kyl™ (or Nower al koxy, or | ower acyl oxy)
refers to such a group having one to six carbon atons;
in sel ected enbodi nents, such groups include one to
f dtidkydardbermto a fully saturated acyclic monovalent radical containing carbon and

hydrogen, which may be branched or linear. Examples of alkyl groups are methyl, ethyl,
n-butyl, t-butyl, n-heptyl, and isopropyl. “Alkoxy” refers to a group of the form OR,
where R is alkyl as defined above. “Acyloxy” xefers to a group of the form -OC(=O)R,
where R is alkyl as defined above. Accordingly, "acyl" refers to the group -C(=O)R..

“Lower alkyl” (or lower alkoxy, or lower acyloxy) refers to such a group having
one to six carbon atoms; in selected embodiments, such groups include one to fqur carbon
atoms, one or two carbon atoms, or one carbom atom (i.e. methyl, methoxy, acetyloxy).

"Stem cells" refer to relatively undifferentiated cells of a common lineage that retain
the ability to divide and cycle throughout postniatal life, to provide cells that can
differentiate further and become specialized (e.g. stem cells in basal layers of skin or in
haematopoetic tissue, such as primitive cells in the bone marrow from which all the
various types of blood cell are derived).

By "effective to increase telomerase activity in a cell", with reference to a
compound, is meant that a composition contairiing the compound at a concentration of 1
ng/ml or less is effective to produce a level of telomerase activity in a keratinocyte or

fibroblast cell, as measured in a TRAP assay as described herein, which is greater, by a

~ factor of at least 1.5 (i.e. at least 50% greater), than the level produced by a similar

formulation not containing the compound, as measured in a TRAP assay. In preferred
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15 atons, one or two carbon atonms, or one carbon atom

(i.e. methyl, nethoxy, acetyloxy). "Stemcells" refer

to relatively undifferentiated cells of a conmmon

lineage that retain the ability to divide and cycle

t\b??hﬁ&%@d&ﬁs postnatal life, to provide cells tlnﬂt/us%n']/ozozw

differentiate further and becorme specialized (

stemcells in basal layers of skin or in

haemat opoetic tissue, such as primtive cells in the
embedid e, thevorh i ¥ fbtivy, ht 4 Béncéfiratidniof U §igll PR fesQto produce

bl ood cell are derived) ‘effective_to increase

2 leveh of felpmeraseadtivijy w% age QP measufeq iy a AR asseeasidgsegibed

her@@anBﬂéH & grbferBH actbPat at@ea§9m(310e9 laf 1‘e£’§ﬂ lg@ﬂtg?éafé'r)"&iaﬂ 1€ level
Ound at a concentration of g or less is

pméf“?eélctty aamilay foymydptioa nat F%‘(‘/@Pln&ﬁhﬁt ‘élﬂm%ﬁ%se activity in
a KEefddddO &Y idtni@5trat dnklgq &gfouﬁ@{cl ap nﬁ%’?%&@e afhgﬂnt;

TRAP assay as describ whi c greater
refezsth arcameund ifestive traineredsefelpmeease activity astthe Sﬂ%og tisae ef the

patC a mrs]uéhrlﬁat] aec%/(-:g1 redgtﬁlgrqg&x%g rgs)ﬁltais g&lﬁé\}egr In rePer % rea?men? of

al nin nmeasur
cellk in pnefaf ek edto, ahG'eﬂ'&tﬁz@ @.ﬁlbﬁﬂﬂ ZéﬁrstGTEﬁ hﬁiﬁﬁﬁéﬂ'@@ﬂé 7(7 mcrease

C und is.ef ect
telofERRg AP e LS SRR Migrt Rt Feplgi FaChs oy e span
of thé cdl] onerase activity in such a cell, as neasured |n
a TRAP assa as descri bed er Whl C ter
O TacnpaROuepiaset horph asb (av) MUHP Crbbor R 18
solit&rail séiRent! %ﬁéxan@[@dqwawby:al sl ar fornulation not
contﬁlq ning the conrpoun In reference to

rapfalen giangsolated S%W"tf%fefé 9 atf@rmauoxanrepared by
combiihS el i¥Rat 8 R ound WRh&hs Jrondil oﬁﬁpﬂgxtedi%ﬁtts BGhiLY Baf Be

i ncrease tel omerase activity in the célls-or tissue of
actiy¢, er inpetiviednaredieniv o praducaithedformdetionh Vhgse theicompeund) has been
dlre'cﬁ oer%%ex Vlhgtgx[a? g&frsg?lfe eé:}ﬁa%/eg %g)#o%u ngtopﬂ) (fé‘ q‘é&u?’reg fhat the
commumm (prm‘rft@tlmfwmmdnh basdme e putifédome leas tham ¢90-fold gompared to

h I t her eby. i ngreasin icativ
the é%r o% l#endo\é’né)gﬁm? he Ct esoéle%l: s%Frﬁ%Q%%ogg)ﬁP?cglts urlﬁeé{
direeot)pfremseexchtthelrsaune,a&e Wa\ﬁd €i9 olatk@ @6mpavind) refers f(fssmﬁlﬂﬁmdl that

1 qutem ol yent. For _exa 0. 1% vv/v =1 )
Prifio e FotRSlaf e Kerofioed Y RaBp el i B armerg ksl
synthesidstbgy, Faghidihs B prepaani@fofthe c6APRINAIthA id dmot Ba 1BAesY

compound with one or nore other 1ngredients (which may
(WELPAEY act i ve or inactive i ngredi ents) to produce the

formul ati on. Were the conmpound has beers directly

purlfled froma natural sour ce, the phrase "i sol at ed
HONS e ast AGvithr to t he

o oqgénggxwmﬁ RSB BB o Bk 03t R A0 Bl

conpar e urit
for merteasing tebouarase actWitynn atchlla homaondanlca wittnibe mpthoifd el or tissue

is contacted with a formulation of an isolated compound of formula I, II or III as

disclosed herein, in an amount effective to increase telomerase activity in the cell or tissue,,
relative to the level of telomerase activity in the cell or tissue in the absence of the
compound. The method may also include a preliminary step of identifying a cell or tissue

in which an increase in telomerase activity is desired.
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directly froma natural source, the phrase "isolated
conpound” refers to a conpound that 20 (prior to the
formul ati on) has been produced by a process invol ving
one or nore chemcal synthesis steps, resulting in a
preparation of the conpound that is of not |ess than
S0 200sw00345purity. 11. Methods and Conpositi o@ETU§R004/020277
I ncreasi ngTel onmerase Activity 25 In accordance with
the present invention, conpositions and nethods are
provided for increasing. tel onera PCtIVI y in a

c el one erpbetinent (i egnwuln% ‘Strﬁ%reﬁ%‘itﬁcggy gl " or ¢ ssue
is contacted with a fornulation of an isol ated
conpound of formula I, Il or Il .soﬁﬁlsclosed her ei n,
i n an anount effectlve to increaseiel onerase activity
in the cell or tissue, relatiyefo the |evel of

tel onerase activity in the cel ) tissue in the

“met hod may al so
engifying a cell or

tissue in which an de:
desired. 17 WD 2005/ 45 PET/ US2004/ 020277 I n one
enbodi nent, the co S represented by fornula I:
OR OR HX3 Xx1 An fornula |, each of X', X2,
and X3 is independently sellect ed from hydr oxy, Iovver

ﬁ'\é}/r@_l\a ](,) ieac 15% Ss)é eéﬁc} %eﬁ]u{gleﬁglgde%ﬂ séf?c?g'd ﬁlgm hg%icf\s r1]<§zver
alkb)@/\/ﬁ{jweﬂ adlidRy ket ﬁdd f&lg@bc)siﬂésazdlitzhel gﬂo@g@ﬁb tseseuected from
nbodi nents, each o epe
by e 8 kP B ERGHFY TSI I ] SRS cach of
x! ﬁﬁm}{am nQieiJéh@&tQ%eleétéﬁ §6h agdesdy SohefhireaL Sovadr adcdoribal a

is nmethyll and_ represents a double bond between
le@%ﬁl(b’ons 9 and 11, as depicted. In other enbodi nents,

R21f QfiRd elltng&ﬁrtngﬁg of fEIJQmiM i R2GaLRAYI Shd A-- frHﬁr%ﬁen(t_js a double

cyclopropyl ring, and_ represents a single
borbbbmm cethpixohanddl 1aascepitteda dn Wﬂbg¢1ﬁ@g§r@| formp, fogether

w1t§ Bd f]ﬁséd?cgglongogyl rthls: an@y—-— r"p%las}éﬁg‘sa Sifle b&R Bé?v@é@n carbons

to~an € -subject conpounds of

9 aﬁ@lllm.dsah‘mﬁn fot bxanmpte, inl dombounddb(xee:f‘hg Mgs thereof), is

e gta glr;fcom ]:a talg Sse rl‘lgx%ﬂl mnr fgrggéed%San ot Hie subject compounds of
formulas I, II, or III (or derivatives thereof), is meant one of the known glycosides (i.e.
riboside, arabinoside, xyloside, lyxoside, altroside, glucoside, mannoside, guloside,
idoside, galactoside, and taloside). The glycoside is typically in the six-membered ring
(pyranose) form, e.g., glucopyranoside or mannopyranoside. In selected embodiments,
the glycoside is a D-glycoside; that is, it has the configuration found in naturally occurring
monosaccharides. Specific examples include D-ribopyranoside, D-arabinopyranoside,
D-xylopyranoside, D-glucopyranoside, mannopyranoside, and D-galactopyranoside.
Preferred glycosides include D-glucopyanoside and D-xylopyranoside. In further
embodiments, the linkage is of the B configuration; e.g. 3-D-glucopyranoside.

Any of the free hydroxyl groups on a glycoside ring present in the subject

compounds of formulas I, I, or III (or derivatives thereof) may be further substituted
with a further glycoside, lower alkyl, or lower acyl, e.g. methoxy or acetyloxy.

Preferably, at most one such hydroxyl group is substituted with a further glycoside. More
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ri bosi de, arabinosi de, xyloside, |yxoside, altroside,
gl ucosi de, mannosi de, gul osi de, 15 idosi de,
gal act oside, and tal oside). The glycoside is typically
in the six-nmenbered ring (pyranose) form e.g.,

nosi de or mannopyranosi de. |In sel ect )
gﬁgggpﬁgﬁts the glycoside is a D-glycosidefsﬂﬂg?m¥@@zn
it has the configuration found in naturally occurring
-nmonosacchari des. Specific exanpl es include

pré¥efabROfy fuah @Fdreig] glonisabibsiauied 3bsi flgher glycoside; ie., the
anos nno n05|de

d gl
sl SRR HET 3l Fish 68 FRsi. a0 PRt ek 81 HEBY dBons
enibBQx'.rﬂéﬂ? alPofihe 999&@[‘9%&1?590 | c&ﬁhé{@)’aﬁ@ﬂ%‘bﬁﬁuteﬁ n

he in

further enbodi nents e is of the 03

cormrefenablas 2 %ﬁxec@oglpowd@févmléwr dilfer a dmxﬁﬂw theppef)

IR T R T

In d@cqt&da«tmhnésnmtseﬂle obmpovery irchidas ﬂt:rime pnes obiwo gluccsdies monh of
a.f. l.v:cOS Quwe K

i RL SYAOELAG o208, e BB 0

pahy;dlad)( y&hthgéspetm to forsulb & tthé cdrﬁﬂowdtlhchadefs wedoletwo glycosides,

nofs S aPb Rl b e i A RS Y up 15 subst i tut ed w t 1

a fidldvedd @ibpaiastd af form@la X, &duh of Mihsd KP wlhwpeh&nﬂpmcted
such as_acetyl, or |ower alkyl, such as meth

|,
aCfYVé’ﬁ ¢ @Wbeik?f@nlpweafrqyloa% $1Heon¥wpesé§;|an Fﬂa@gar&%lc%h@d X
is &le)éfe@%o@?ﬁﬁﬁo@”@w%kb@@lb%é} ﬁsgxlw@r @étsr g}@éo\pyraaossaebh@@t

conmpound of formula I, 11 derivative
xylopwpaeside Breferﬁ?lydmshsairmxiomﬁﬁa&@w, méer w&eéb@él keto.

rm 1
23’?%‘5; EhRRend FHAINT, R 0 W AT S, oo alkcoy
lownr atzybxsg Iayd:bé) -gidepyranoside; &F is wﬁec@d frem chbstcy,tlwg@lkmy,ﬁower
soflab P YRS o e R D57 R AR e
acylowg, untbseta er@)) ard QRIds gélgmsfrdﬁshydroma,rlewaf alkdyyclwesacyloxy,
%ﬁgi tuted wiith a further glycoside. 10 In sel ected
an §”ﬁ@ﬁf@“ﬁ@efornula |, each of X' and X2 is

I n @eﬁ@malemdcﬁéd sRb&Ehess otffbﬁﬂhm[dkb?é)()}l bpWBlycadided¥ath of X
wer acyloxy‘|l 8Iucop ranosi de, ;and xylogyran03|de
¥

an%@& jsendgpgndsatleGH o 2 Blspsidry and ) 1s PHgs ke sfyrther ower
emBEY XY, ealﬂ%?xl A1 5C YRy FRR 9%19&@@ NAR’ %YHP A BEGSHEE In still

preferably f m hydr oxy, I'6wer al koxy, | ower acyl oxy,
furghed ebodiments, X s Eexylcmquauﬁlﬁm{sls GFDiebroanyranaside5OR ' IsOH,

ancgib fs%%fj %r%mep);(r%o fi"" é)’({" aé[?P gacyl oxy,

opyr anosi e I's” se droxy,
| oWer eagh Ioﬁth;se desonbed emimﬁimet;ts, farther embodlments mclude compounds

| 3 | d f h
in OGP AR S Sreferesslyn Ry SR RG0S RL O ffppgenerty
prdférreilﬁlneﬁxﬁe torhonndshy el R? fbaE fvidhl difboy 9, b Qwed criypr&p¢Y ring.

and | ucopyr.angsi de.
Exemplar%]r compgl}/nds of structure I for use in the methods of the invention include

those shown in Fig. 1, and designated herein as 1 (astragaloside IV), 2 (cycloastragenol),
3 (astragenol), 4 (astragaloside IV 16-one), 6 (cycloastragenol 6-B3-D-glucopyranoside),
and 7 (cycloastragenol 3-B-D-xylopyranoside).

Other compounds having the backbone structure of cycloastragenol (2) substituted

with a 3-B-D-glycopyranoside are also considered for use in the methods of the invention.
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In further selected enbodinents of formula I, X is OH
or a glycoside, each of X2 20 and OR is

i ndependently OH or a glycoside, and XX is OH or keto.
In further enbodinments, each of X and X2 is CHor a
glycoside, OR is OH and X3 is OH In still further
wopodiaens s, X is 0-D xyl opyranosi de, X2 i s PCT/US2004/020277
(3-D-gl ucopyranoside, OR is OH and X3 is OH 1In

anot her enbodi nent, each of X, X2, X3 and OR is CH

For each of these descrlbed enbodlnents further
Preferpli theparapquad inglidesaiopth . @8e 0p &P BlyRARILS. figached to separate

carﬂ% BY{he BRGboh ERALRE Fl% & gff«}'%s@d@i@ Ret a@flePfotfirther

odi ments, genera erred, include conpounds

glydosidehi Emmaks firghuds thewamnalgacwmlsg compasdeiasipeileres py I 2,
n f

a7 By FRTR B P YRl K350

\wnﬁbgn@ﬂ and deS|gnated herein as 1(astragal oside 1V),

hfércl: | Og‘?g arlla ;(ergglg §O[§§{1Pa%gegh8$%gpn%o;mo éo?nsptrirsfrxﬂlg one? rrﬁjoere

co ﬁﬁdsQ&f@‘éW RABRE IR )of X ' AhdaXTds felbayd Froatlydrggioher
D- xyl opyr anosi d

a h d
alkoa%tchewsmcygww@é&ﬁf@ 6‘!‘3 6 EF%CS{Q% 5 g 83%’36 S@)r}g§fe%gv'¥’?“ﬁ%lgas the

COU@othsaarg’sépec%dQ%dﬁ?ﬂﬂh’é @éﬂ‘%ﬁ'a% @afa 2l protﬁ@rr@xh%ﬁﬁ&ﬂtsf 186
se in the nethods of e i nvention.

phago@sHtiabeonpopitivy issidex? eropqund qfrfefrévlaglnywhlph & is keto; in one
emb%%qp %gqge %&&ﬂoﬂ R the E&ﬁcp%hélﬁfdegg F(atgél al Yo gl ycosides,

eparate e backbone
s tIn Lanbuheraspcct gthe inmentigh puoddebephasmasutiea! cambesitiony cemprising

comg B PSRRI Bl osi des A 1, 2. and 7 as

wel | as the astraverrucins | and Il _(which can be

i sol ated from Ash agal us 5 verruge®Bs). The invention
al so provi des pharnmaceuti cal Ositions conprising
one or nore conpounds of foRNmupa |, wherein one of Xl
and X2 is selected fromh d 0 y | oner al koxy, | ower
acyl oxy, and keto, and 4s a glycoside. In
further enbodinents, t ouﬁds are selected from
t hose desi gnat ed 6|an 7. | other enbodinents, the 10
phar maceuti cal i ncl udes a conpound of

formula | in mhlch Xé is keto; in one enbodinent, the
conmpound i s the conpound designated as 4. In another
aspect, the invention provideéﬁpharnaceutica
conpositions conprising conpounds represented by

f ol Fornduld 1, edoRJf XHandSX libirkdependently selected from hydroxy, lower

alkoxy, lower acyloxy, keto, and a glycoside, and OR’ is selected from hydroxy, lower
alkoxy, lower acyloxy, and a glycoside; where "glycoside" and its various embodiments
are as described above. As noted above, the compound includes a maximum of three
glycosides, more preferably a maximum of two glycosides. In selected embodiments, the
compound includes zero, one, or two glycosides, none of which is substituted with a
further glycoside.

In selected embodiments of formula XTI, X*is selected from hydroxy, lower alkoxy,
lower acyloxy, and a glycoside. In further embodiments, each of X4, XS, and OR® is
independently selected from hydroxy, lower alkoxy, lower acyloxy, glucopyranoside, and

xylopyranoside. .



10

15

20

25

In formula I'l, each of X4 and X5 is independently
sel ected from hydroxy, |ower al koxy, |ower acyl oxy,
keto, and a glycoside, and OR3 is selected from
hydroxy, |ower al koxy, |ower acyloxy, and a

side:_ where "glycoside" and its various
ghé%@?ﬁ&ﬁ#é are as descri bed above. As notedxgwgvg“mﬂn77
t he conpound includes a maxi num of three 20
gl ycosi des, nore preferably a maxi num of two

gl V16 Bsrtde smbddin&d &’%ﬁﬁulﬁlm%qundtdlé is 00120 %0 hydroxy,
i ncl udes zero,_ one, two, gl ycosi des, none of_ which

loyer ks lopit asdflow-1and a slyqesidrareisraplydilopyrapssig 0Pt ed

glmﬁ%mt sndol® ib %é&gdaﬁ&ln hyzﬁszjyslo%%1 eﬁﬁ&&d Iof\xfePE@yloxy, and keto
g%drox omer al omgr acy

yEtﬁ§€iT@héy in iheﬁmbhélmegm&ﬂ mawmted hxcirow,lomsalk@nydand
10\933ac§£1%x§§n& ﬁ%&@g&?&%ﬁj h?uc%%t ed from hydroxy, |ower

ko 'ower ac yranosi de, and
xyllo mrﬁanembcuﬂenemt\mrﬁman RAEREEX PR /and su@@@bm@eﬁzﬁﬂy OH

Ln furth di ments of f 1],
or gy PEOE Gz, DR PERI G BF BigCBtBngrios, RS %fﬁhsmamglmems
)@asy)[fbm glpaodide, sl yen U, rﬂrcelﬁelrs aH. yln[arn)é)ehtbb&maﬂtpéalcﬂ ef X*,
T T R S R
trxﬁifd@&@_,@}phﬁhhyll- -hdiRa6st-SITRAHNBER [desigfk¥d HefeiS @ £Ct ed from

hydr oxy, |ower al koxy, and 5 | ower acyloxy, and is

roridie FRERIGUANOProKidps @Wlpomds rforayla Hndhowe.misreseagh of X' and
SfIanHEBeﬂdén'tl sQ@&&i ﬁ’ém &dro&%_lo%gal% fodvek QW”@&@ bhya

or a %a COSI pyr anosi d
glylgogd@ cop P mglfe@ed from Imimxy, I)énwer Alkpxye m.ams and ax4

oSS e IR 8 og gt G S ol bty i

ﬁud;lmlrgbmmkie( fomermlkylyorriamd a@dRIn mwm)by»d@(eﬁtslﬁé Soround

dro (3- t hyl - 195 nprl.anast, -
indiler Y. el edocs BABERD Bien i Sl s s of
thecD mp@ﬁgmdﬂloﬁf If farthed stnblddimeigesch ofbEaed ORCH séiécté(ﬂfrcaﬁ] d

X5 ig independently selected fromh
hy SRR AR, 1SRG UPEAGRG, GRTGE TP oy P LR
lowé aﬂ@b@ qbwet d‘cylaﬂy Qﬂdjk@@é)(r—d)Owﬁtxlﬁﬂuhﬁé%)émﬂoﬂmmsax%b OHer a
| ycosl d rein any of the hy droxygggrq ps

sl ) OB il (ot 5 2t bl o O K Py R s

OIglz)éth%'cg ourdWREig@ddt ereilaslsOVer aryl. In sel ected
embod |nenP t he conpound i ncl udes zero, one, or two

gl ¥ aSirtheraspentcthe inserition rra¥idesamathgl pE instedsing iglogerase in a

celg {STI,‘S‘%SS{E b?{l 'cént?cftm% %&%FIPQE ?QIJSQ%L Ifog&glg*l@n {)fﬁélti%b?%?% compound
of fcyuhubom Alzamgethe alelost mayl iovlede theysteprof jdeatififing agel ontsisubein

t . | koxy, |
Wity R b RS (i ther enbodt ment s,

X4 is OH or a
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15

20 gl ycoside, and each of X5 and OR3 is OR In one
enbodi nent, each of X4, X5, and OR3is OH, i.e. the
compound desi gnated herein as 5. In a further aspect,
the invention provides a nmethod of increasing
telomerase in a cell or tissue, by contacting the
o) toogeootssssue with a formul ati on of an i sol &C&AS2004/020277
compound of fornula M Again, the nethod nmay i ncl ude
the step of identifying a cell or tissue in 25 which
an increase in telonmerase activity is desired. 21 WD
2005/ 000245 PCT/ US2004/ 020277 X& OR4 X6 H X~ 111 In
formula 111, each of X6, X7, X8/ [

i ndependently selected frop R dr04y, | ower al koxy,
| ower acyl oxy, keto, and § gl de, where
"glycoside" and its 5 enp ~'-¢nts are as defined

above. Preferably, C
two gl ycosides, i €eably a maxi mum of one

gl ycosi de, nonedgg

further glycosi el e5-r ed gl ycosi des i ncl ude

D- gl ucopyr anosi de and ngylopyran05| . I'n selected
enmbodi nents of structure I1l, each of , X7, X$ and

OR4 is 10 independently sel ect ed from hydroxy, |ower

al koxy, | ower acy

q .
or briopiap s gpededt et ¥ o wg?lg&%ﬁa?éfn ¢ angsé?%@ommdmxy,
lowle &ﬁé@ﬁi 1&vé}(ady18@1k&oo{nd85 élyé‘dslél'éewhérb "g19@s:staeo£nd>its and

is OH and each and X' is independently

embQdiments grefas G ebwéy Pr%ﬁwbb( ﬁwe@gp%i inglu des a@@mum of two
g]y@sﬁ&@ 3] x% 5"&’!31’951?1 a lndnitind BE6n gﬂdgex{gné of eh H&u%tuted

Preferably, each of X6 and X$'1s I'so OR and
with a@xyh@giy@esxdmrefﬁ@nimglmqs@@@ mb&sin @-EWC@HYFWIQ?? éndl | | | S

’ RH , designated herein as 8. 111. Sources
D’%&%®§§B?Heses of Conpounds of Fornulas I-III The

c ofipeeisotid eabodiments ofisricture M sath lof X cXh )@ ené ﬂéﬂ isy be

s e e VO IHoRE ot Pkt B PV SRRl andis
pregeiiéﬂljﬂﬁeﬂg&éedfi}:@lﬁfhﬁ&mﬂ laSglgmmdé an aceus root, as
escri be Qr exanple, in Kadot

NolB iybarEptbpdigenis P simctueTh é}%lr‘i*q‘d f é}%.lﬁogﬁ@( Shor
andUX 58 WRiehEndkatly sel@@t'e& lf‘ro &&Mﬁ{cﬁl %Brédélc@V@y [?@ e from

various sources of bene | ci al, i's refluxed, wth
gluganoranopide. In further embodiments, OR'is OH Preferably, each of X° and X
also OH, and X' is a glycoside. - An exemplary compound of structure III is ginsenoside

RH]1, designated herein as 8.

IIT1. Sources and Syntheses of Compounds of Formulas I-X

The compounds of formulas'T, II and III can generally be isolated or synthesized
from naturally occurring materials. For example, astragalosides I-VII can be isolated
from Astragalus membranaceus root, as described, for example, in A. Kadota ef al., JP
Kokai No. 62012791 A2 (1987). As reported therein, the root tissue (8 kg), which is
commercially available from various sources of beneficial herbs, is refluxed with MeOH,
and the concentrated extract (200 g) is redissolved in MeOH and fractionated by column
chfomatography on silica gel, using CHClz:/MeOH/H20 mixtures as eluants. Each

fraction is worked up by reverse chromatography on silica gel, using similar solvent
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and the concentrated extract (200 g) is redissolved in
MeOH and fractionated by colum 25 chronat ography on
silica gel, using Cl1C 3/ MeOH H20 ni xtures as el uants.
Each fraction is worked up by reverse chromat ography
| gel, using simlar solvent 22 WO
o4 hcr Ueng 040 5 0 9 7y m xtur 66 PSS ER
the foll owi ng approximate quantities of isolated
conpounds: acetylastragaloside I (0.2 g),

mi ek &a@m%ectsudmﬂ«sa r@s)matesqaaﬁﬁtrea@aiseﬁtede;o&xb@mﬁis g)
astragal osi d al oside 111

acehdpstagalos 148 2|g9/ ae@a%l%gﬁealzt%tg?gggawagw@sve I%@ﬂ ﬁ)’g)
ast?a%‘él%ﬁg@h‘@ BAd§ oMbaghfside B - (1 @'%91 a@tsr%a?&ﬁieqsﬂ @8 éf | istrﬁ@al&slde \V4

| s6"Ki t agawa et har m

(0. ggk 2ptraeRsito B[ (00BYpynd a&t,rtagdgadeﬁﬂc@ lig) @e@gl*p‘%a@wa etal,

CHFLE Ry SRR OIS L enent st

Cy EAlsm@toslﬂg B Gesig@}eddmreibes by epaslsdotiyined mathenpresend fiuthors
as al osj.de IV h_.nmethanolic HCl, followed by
fromti Iy’ Fﬁ%ﬁdu {Og}%ibgr%‘ {BPRup, and purification by
1009&16aﬁggeﬁglr(ap¢w be @&pd@)&l&fyi thatndnt of magaqwd meql? alith ]
ec n e 1 astragen n.al.so be
mefiipolic et %ﬁl B 73 'ﬁ@aélzatéav PR {ﬂfpea{l Ry

chro¥MRraphy A6l dQLEYER I Ak E&@d&uﬁ@ﬁtal%c@nmétoammxamsrenact of
Ast ragal us nenbranaceus, as descri bed bé‘)” -H Wang et

Cyglpastragenchgan @lse benltaneddyt oxidasiveglegradating atmegt W%lg@ws?n
and dméRd sodt¥ik) &‘%%’Eaﬁgleeﬁﬁéct( gf)As?I Kgal% ﬁz@m?f'an%btu@' :«ﬂ%gscrlbed by

according to the procedure of 2%avva et al

P-FCNéang ePia/nChiBese |Cherg1S02) 48893199(2% o datiagengh@) and
d
cycg&ggg’%ﬁgf(z G390 8L 81513&%%[ Gddr Ofﬁ@g% Pclc&au?& Bﬁﬁﬁ{g%a etal,

yranosi oastrageno
Ch@isz/D‘lwyBﬂiD)ﬁI@B)(f@Q{ﬁQ7 (msa)obt ai ned by refluxing a

{
e Thesoreothds RSty 0 &5 6 Lvabasrtt B Ds b el
and-N(d30@ERAEIBNY- D-&yld?ﬁﬁiém wiefe dBtgindadpaefluiy adolution of
section_bel ow ? Al sa é@yobt ai ned wer

. the ..
astqagélppgﬂgeﬂ,é And %lll%%qd ig rgﬁaartql}efo %ﬁéan iardévorl%up an% silica
oelQMfan%@éri 9eR@kscfiBed in th-EhExﬂeﬁianéﬁttaPse%ﬂmm (Bxafpte 2). Also

ar ed by acetylation of the glycoside hydroxyl
obtgit 195py§redhe wawangerasd prodect Yang @maggce@nebye ﬁy‘%lpwrﬁgqalﬁi ).

ch

¢ oL FERERRE B s b Rbafly BB ion e Bl ko @l o
growps bf stagalosidb 6V ohlwvdd by pymleml(n t:ﬂgmmhroatateadmdatm@ sgthe 16-

ited abo Pr ar g t he varioqu

by ERIeTHor o G rPact hiifpSiu bt feal BBt sodivmyi g
borvhydtlde @sed BitagRm e bl Aok adited ab®IE). acyl ation, or keto

gr Qups, .ca e preparedq. acco 0 nown net hods of

orgaeaﬁreﬁ%‘xﬁfltt arigu %Pg'd“?fﬁ% efévg ek ﬁgmaﬁwda?mmg

var§iBaegeésaf bikylation or acylation, or keto groups, can be prepared according to

known methods of organic synthesis, using naturally occurring and/or commercially
available starting materials such as cycloastragenol, astragenol, the astragalosides or
astraverrucins, or panaxatriol, with separation of products as needed. Several examples
are given in the Experimental section below. For example, the less sterically hindered 3-,
6-, and/or 16-hydroxyl groups can generally be selectively modified, e.g. by acylation. If
desired, the unreacted hydroxyl groups can then be separately modified, e.g. by alkylation,,
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avai l abl e starting materials such as cycl oastragenol,
astragenol, the astragal osides or astraverrucins, or
panaxatriol, with separation of products as needed.
Several exanples 30 are given in the Experinenta
section bel ow. For exanple, the less sterically
Rhigwdes@oh43-, 6-, and/or 16-hydroxyl groups @aw/us2004/020277
generally be selectively nodified, e.g. by acylation.
If desired, the unreacted hydroxyl groups can t hen be
separately nDdlfled e.g. by al kylatiaon,
follpped bp optians! reapralied tisuacybereurs: GamnasRds O%fyffalﬂ% 1 bvans a fsed
cyc.?~I g)qg%/ﬂ'uéé) ; ué Iggd&%%/f!éﬁ"%%r ?/T be?éHr | nmg%elfjr%. Rnpb i d¥thh@Ang a 19-
methybgma;s amsgéh dowle oamd (yq; @stmgemlédaytsglfermmﬁmmﬁav T hig

reaatéqwrg@/rﬁeg C (3m1%§7u éLp?P' %ly%osgycaltxag,tua?éa ﬂ}dthg %hagtlons of Examples

9B LA COB Welovay be acconpani ed by degl ycosyl ation, as
shown in the reactions of Exanples 5 9B and 10B,
below. V. Determ nation of Biological Activity A

v TRAB ASiB AYonRrBislegtallA&ivabi | i ty of a conpound to
increase telonerase activity in a cell can be 10

defer rTRAB Assavdyotos@l TRAP (Tel oneri ¢ Repeat

Am@hé £Hll?£§tof QEOIE]%&B@ %8 |1ﬁcré’a§§ &Yomé/i'@dechlatlhﬁr inkeNVBaniye t he
; Kime Pat ent No._ 5,629, 154; Harl ey

detg;tmlmd us@cshe mABIﬁTelomnc é_},{eggpi A@g@(ﬁcatm Brgtogolh assays Avhichis
knorvExf #nqge?%rgﬁet% GhleY bk JUSS ﬁJFeﬁ"’NB edgid . ﬁ%‘ﬂg @ﬁﬁ ay's. Patent

efers [omerase activity as méasured
Noké,Bat b3C ﬂselsedilerém biteloinasiss acivdp pslinpgpurey i ltl h@RAP assay"

ek RS 05 8 moBed il bt SR St
foﬂ@ﬁi&@lprﬁtfocﬁlu dihe @eﬂvhts 15 qlpg:ally aortxp}irmmnhs ectity isiiilasly @&gured
reater t
i Fori S AP F0r e PR ARy P Er i i 2
solldniBantfdIpr obl asts (NI1F) or nor rral human ker adnocyt es
(NILBC), can be obt ai ned fromco rci a sour ces ‘fH
as Celctings suiebls; for wigite dbe 559 PLgida ChoTR e Hragts (W)
or r%‘rﬁﬁf ﬂlﬁman%%l &hHéﬁesQNEf[KTP Mt BEAiRES BOm(AIRIkGARoTkYHEsuCT as

ture Collection nor mal human fi brobl ast cell
Ca$qaﬁ<e5mlqamsc?prﬂ@rah or 66&11@@% Renals, Ralgorwepirgpithe ATCC

(el H3pe OB LR Oy T EC eyl i RS, i

camtedbcated en t;he AFSIC wel slte Naadtidenfor exanpie. FJelp5e CCRbY, and

chgggor Suppl enrent + 60 nM CaCl2, supplied by Cascade
iologics, Inc.) for two days. Test conpositions in

a celid A0 blateﬂ al yEnex. SN00kekdwdb i gohinokediom (BSEpi-Lafee

Megd de d S el e 3 ?c%ztﬁactor STlpSle 19360 Inl\/f EQEE,nstuf) el Y Cascade

Bmlogms, Inc.) for two days. Test compositions in a suitable solvent, such as 95%

ethano!l or DMSO, are added to selected wells in a range of concentrations and incubated
for 16-24 hours. For the data reported herein, the solvent used was DMSO.

Cell lysing solution is prepared by addition of 3.0 mL Nonidet® P40, 1.0 mL
CHAPS lysis buffer (see below), and 1.0 mL 10X TRAP buffer (see below) to 5.0 mL
DNase-, RNase-free Hz0. (DNase—, RNase-free water may be generated by DEPC
(diethylpyrocarbonate) treatment or purchased from vendors such as Sigma.).

The morphology of treated cells is first observed under a microscope, to verify that



for 16-24 hours. For the data reported herein, the
sol vent used was DVMBO. Cell lysine solution is
prepared by addition of 3.0 nL Nonidet(r) P40, 1.0 niL
CHAPS | ysis buffer (see below), and 1.0 nL 1OX TRAP
[ eebelovv)toSOm_ 3 0 DNase-,
%‘Si/ Se- RNase-free water nmay be gener at 63/%50%3020277
DEPC (di et hyI pyrocar bonate) treatnent or purchased
fromvendors such as Sigma.). The norphol ogy of
therd ﬁ_a}hs S}isﬁﬂ Isigas2 difsrr%'gglg% %;?gﬁmrlz{edxggfégggdoﬁtmg?ggp €and tige
erify at .
oelftin @hes BrnFPS dgig o) %@%&?f@@b@ﬁf prefgeRly gp ice,
and EellMPATHEEr 5@651&&}%13%&&&(@,%5! 1dve.! éﬁf«’{»vlel@ 2 EritlilafI
twice in PB free). The shes are chilled,
pipsitiag &p apd ‘}owsew@l tlmaﬁ dTlaeé}eils ppdheingylrefedron(ieetor E)éP‘va)
5 is added (approx. 100 | per well) and triturated by
pi petting up and down several tinmes. The cells are the

i ncubat ed on ice forMYﬂM@S Lysi s Buffer
St ock or 1 nL Final concgt yTris- H 7 5 10 1
10 mM Cl2 10 1 mm A 2W1 AEBSF
11 0. 1 Wr1s1 64 oHAPS 50 110800 59 BSA IOJmMg 1 ng/ m
100% A yMddg6k 100 | i 10%l HNase-, RNase-mMee H20 936
pl (t . $MEcTAhe CHAPS detgrgent is addedmmist before
use of;qh buffer. hngadditi on, ?ﬁ;ﬂ.ﬂ (2-
am no ernesul fon |b | uori de oS added to
t he J er just pri 0 the extrac% °on
step. BS%x TRAP'Buffer StddR8For 5 m Filfd msn 1M
Tris- H(QD%@H:@OIS 1 m 2001a0d 1MVHCL2 75101411 15 MM I M
KCl 3.08asel, ROBE:-fve HEpeen 936 ul @odimii)nger Mannhei m
25111 0. 5%
°The CHAPS detergent is added just before use of the lysis buffer. In addition, AEBSF (4-(2-

aminoethyl)-benzenesulfonyl fluoride HC) is added to the lysis buffer just prior to the extraction
10 step.

10X TRAP Buffer
Stock ForSmi Final concn.
1M Tris-HC1, pH. 8.3 1ml 200 mM
1M MgC1; 75 ul 15 mM
IMKC1 3.15ml 630 mM
Tween 20 (Boehringer Mannheim) 25 ul 0.5%
0.IMEGTA 500 pl 10 mM
20 mg/ml BSA ‘ 250 ul 1 mg/ml

25



10

15

20

25

0. IMEGTA 500 111 10 mM 20 ng/m BSA 250 pl 1 ng/nl

25 WD 2005/ 000245 PCTI US20041020277 The fol | owi ng
materials are conbined to generate a master PCR M x.
Stock Per Reaction (40 !'rl) Final concn_a 10X TRAP
Buffer 5.01d I X 2.5 mMMdNTPs 1.0 !'d 50 PM Cy5-TS

Wo #oes/00of4s1 ng/nil) 0.21d 0.4 ng/m  ACX Pri rrem/qsec1/020277
mg/m) 1.0 Irl 2 ng/m. TSW2 Int. Std. (1 pg/nm) 1.0
111 20 fg/nm U2 Primer (0.1 ng/m) 1.0111 2 ng/m

Tag Pol ynerase (5U .4 111 t -,
TheﬁRg%\@ng?l/r@gqng @?()‘."Rmﬁne‘?fooge&?ﬁe at‘gagit:ﬂr? SS on final

VO of 40 I PCR m x 10 I I Iysat 11.
5 PCR m x includes t ) r%'@sgg&"—‘
CyBXTERAPiBdfer a 5' - Cy5 1@Beled ol gonucl e‘g‘%l de

hay$ e dNEPsequence 5' - AATRICCG TCG AGC AGA S@MM3'  ( SEQ

IQ; 9VEX Plimet 80 an@h@nera@;gusubstrate Depero4 agmbn t he
A@fﬁfrﬁ? ‘itn'1 y of thguedium tel oner) fepeats
'ﬁ%{t}g}t ée ece..ﬁﬁﬁ )vvlllbeadzg)efgtothe

: % telo se extended pro 'S, al so
reTﬂ%Pfl@éf@ol me/mly| orreras’eoﬁfoducts or TRAP Zp8/m
proaiRalgnerFee SN pr i merQ.4bhvi ng t he sequerfceni®' - GCG

CGoNEET FAGG Gl HACC  CTT30A08 @IA0AGRA) (SEQ | D NO

2)apac Pon mal‘%‘l%ﬁl%f% ﬁ‘dﬂ& BEio'C]E&enUs‘ﬁé Syfridizes to

the'tTe orrerase ext &i Podu The TSU2 i nternal

;t a&%ard li g @eotl de haV| ng‘&;%&g ueng?ee_gyS labeled

oligclébtide %g £Be Sdnce 3DAAT COC BOS ABCHGA IGTTFS (SEQrED
sequence, is added in a snall con; roll ed uantlt féx
meQiuim,

NOGhlai eitelamPigse pibbiEsiee Depraing on the feiamera 4gH 4y G HE

|
i G A (T e

formftelomerasq emtmdné proaxdustsc alsel refweé aorpt elogterase produgis gt
pro%lgl%é ST&?QA%&%#IRHC%%&VUQ£ tht Igécﬁleﬁo > -mjéG' (6@ CT8esECTTT AC

Xtureis | ated at roomtenperature
CTT30I) Cldr AGC-37i (RERED NOCR), jisan anghorp@rptusatprimgr that hybridizes to
cubatin ggprrgd%(myre at the follow ng tenperatures

thepmeRs kg
The TSU? internal standard, an oligonucleotide having the sequence 5-AAT CCG
TCG AGC AGA GTT AAA AGG CCG AGA AGC GAT-3’; SEQ ID NO:3), an

extension of the TS primer sequence, is added in a small controlled quantity for

quantitatioh purposes. The U2 primer, having the sequence 5’-ATC GCT TCT CGG
CCT TTT (SEQ ID NO:4), is a return primer designed to hybridize to the 3' region of the
internal standard.

A sample of cell lysate (10 pL) is added to 40 pL of this PCR mix in a reaction
tube, and the mixture is incubated at room temperature (30°C) for 30 minutes. PCR is
carried out by incubating the mixture at the following temperatures for the times
indicated: 94°C/30 sec, 60°C/30 sec, and 72°C/30 sec; repeating this three-step cycle to
conduct 20-30, preferably 31 cycles. '

Loading dye containing e.g. bromophenol blue and xylene cyanol is added, and the
samples are subjected to 10-15% non-denaturing PAGE in 0.6x TBE, until the
bromophenol blue runs off the gel. Product formation is observed, e.g. by using a

fluoroimager for detection of CY5-labeled telomerase products (maximal excitation at
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i ndi cated: 94C/ 30 sec, 60C/ 30 sec, and 72C/ 30 sec;
repeating this three-step cycle to conduct 20- 30,
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br onophenol bl ue and xyl ene cyanol is added, and the
are subjected to 10-15% non- denat e

%ﬁog 6X @%E until the bronophenol blue runs gﬂ?;f 27
gel. Product formation is observed, e.g. by using a,
fluoroi mager for detection of CY5-|abeled tel onerase
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fornul a bel owrMEX TMhrredsdd FARPY OHMGE STRBICO) | (Tint
St d- TBKO2) where: TTRAP ProdmAS is the total intensity

whiEea d irA8 i i thstotd) mifegsityamqasqred emthe gelfopalbiglesesase products,
TBH’?’ KO fe 'b§cl§§n§m@ REdnGE Jeulrd 1§ ABhdn¥ 1418 Mn%geateﬂu@algﬁt% Kize to

I"ane area eq |va ent in size
thag pucmpaswé by thy tdéractast prodnais d inpsiod tetistenstiy ivr 5t thtdrsal

dar d
ot BT B Fokot Sl PR B P SRR iy 20 By e
eqﬂimimtfuﬁ)mzﬁb tht exa:okﬁpefsﬁadlbyaﬂleemternahstsdcﬁﬁi bandt ITAé resulting
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TUPRE P ey MO B quses oh i %‘Eﬁ%’*& PISTICTHSPRERPL Lor grgiven

inclipdtiRNRINRS G/hich, FUEE DugRIREY FHderhiaing aM iV 8&kignhteg WO 28180
time, which, for the pur poses of 8etern1n|ng ™ is

"“%%@ignated herein as 30 ninutes, Preferred conpounds
of pfgefay &%p!)und!; bE@Srndulds 1268 oF AGS 'd@s%ﬂbé?pﬁ\ﬂ@e ;ﬁ'E %bl@@cl e

to 20 produce, at a concentration of gg/ | ess,
progupeabp corfcentestionef Apg/mi ot les/ﬂ, a;l/evplrpfftﬁlbmqbsea@tlmy iprfibroblasts

or K&h dc QXttl tfrg% %?ga%rt 9[&:@@ ?Eucth @ﬂfxmggllrlg\é%olv&(t

Suc I VI see ven cont

' cmnnéféﬁubpyﬁnﬁhﬁﬂwomnqumddmabhhb@nkhupmodummﬁnammaofh;ghﬂ

centration telo it
or B BT PRRtR P e 7R ecselR Bion detnd R SRR Go o ver
moFs/potentradtieitig@aiia be a’p@t‘dpr‘lhtelfassoiﬁb}apblﬁtaﬁmr Q:@h |aat<ﬁn;5<mnds that
|'icatjons, ou th
pro%uce teﬁDpnP erase act{v%es at F ast about 75% 00‘9 or SOOA: greater than the lewvel of
such activity seen in a solvent control, as measured in the described TRAP assay, at a

concentration of 1ug/ml or less.

B. Exemplary TRAP Assay Results

Effectivenes in increasing telomerase activity was evaluated for compounds of

formula I above in various concentrations. Assays were carried out in HEKneoP cells

(neonatal keratinocytes), according to the protocol described above. Concentrations
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0.03 pMto sovvnlnFl 2,

telomerase agtivity ﬁ@r@éﬁﬁ& ‘&’Fth mx:geaél@aﬁ@@marqpowm m@alllto%éioefeoif gqntrol
t

ot RELOFRASGBEk 1 e ColFRBARTENH el BERRAR R0 1, A3,

showh émFige2; Hengmiposisionk eotaining 2t (cyrldastmagaasd), |t¢1mneaseaac¢tivity

n F| f o/ :
incsp i REfel e o o et af 03 e il Ggaalippore incols e
with 80 OMEEGIS @phdetrhal i grywth factoe)skéeh dedreatpdutithI0ARerdficreases in
control at 0.1 pM (conpared to about 200%in cells
conpenliafioly with 10 nM EGE (epi der mal growth factor)),

t heBledegi@ase dor!l_tp bitibAY doRBinind €aER BEHE corfipounds shown in Figs.
concentratl on ble | gives, for corrp03| tions
HV%FON%H%}WQSO Shrsprmppyndhgisproduced a
level OF SondelRe B RETURER haGELN ﬁ amgé%ﬁt%l' (28 100& Greftér) he
compound that produced a level of telomerase activity
twice that seen in a DVMBSO control (i.e. 100%
greater). Table 1 Designapjpm Name MEC, M 1 astra

Fab
aloside IV 0.01 2 cycloas Fa enol _0.01 3 astragenol

0. 03pedersddafal oside 1V 1fmae 0.03 5 | MEC, uMX
20FF 245 epoxyy 30, T6F, 25 JELINGLaey- U- 10 P -FRin |
- T TTUT T ATlTUO L J- Urciitrc U CT UdsSt T A Cl1iulT V. | LI C AV

ranasid@ 3.2 |7 ¢ cloaseydoastizgerol D to ranosifdé 3.2
8 ginserpside|RH 10 15 £strapddond Heal i ng |Assayw3
Pr ot OCO|4 astragaloside IV 16-one 0.03

5 20R,24S-epoxy-33,16[3,25-trihydroxy- 0.10

9B-methyl-19-norlanost-1,5-diene

6 cycloastragenol 6-8-D-glucopyranoside 3.2

7 cycloastragenol 3-B-D-xylopyranoside 3.2

8 ginsenoside RH1 10

C. Wound Healing Assay Protocol

The compounds of formula I-III can be used to promote healing of wound s, burns,
abrasions or other acute or chronic conditions of the epidermis, as discussed further
below. As used herein, "wouind healing activity as measured in a scratch assay" refers to
the activity as measured in keratinocytes or fibroblasts according to the following'
protocol, and expressed as the value of WH shown in the formula below.

Cells are plated in flasks (5 x 10° cells per flask) and cultured for two days in a
humidified chamber at 5% CQO2, 37°C. To create the "wound", a 2 ml plastic pip ette is
gently dragged to “scratch” the cell surface. The ideal wound is approximately 2-3 mm

wide and 50 mm long (along the long axis of the tissue culture flask). The cells are
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The conpounds of fornula I-111 can be used to pronote

heal i ng of wounds, burns, abrasions or other acute or

chronic conditions of the epiderms, as discussed

further below As used herein, "wound healing

a8 hdbkbd2gs neasured in a scratch assay" refegsrtQoos/020277

the activity as nmeasured in keratinocytes or

fibroblasts according to the foll owi ng 20 protocol,

and expressed as the value of WH shown in the formula
rettffated\naﬂith(iaédlmn asreaipirgf eittler vehiclegd BRESQ;ScoxtrbDampi) bsteper

and tured for da in a ] di fied

coppdise 2 Bl esbSenpfonsr L up Bty dtenffih the a5 mapes
anPptteappeardptet thecdlls dgenbhtyd plicaggeshidaly oser 3l alys cbitfinued

cel | g rface. The ideal wound is approximately 2-3 nm
culfiirpg ok Hig 8B nm 1 ong (al ong the long axis of the tissue

CUlakiéngt ditvasiali clodlif i§ @étleﬁmﬁédeoy%ﬁea\épl SR e wound over

PCT/ US2004/ 020277 retreated Wit h nmed um cont ai ni ng
timgifpromppupd-trpated WS 1glsHve ) Veblﬁl?ﬁrf@}edd?f qtlees control cells.

iR r
i PP lrolTU e Do R ARN L L AR T 1 M oT e 1
(impfediately after Iscsratsthtgg)réawﬁsdldph Reoggntagh pﬁwbuxyi lippbing (3lsa egtpressed
I nt of wound

os (PGl Atlg G N 428 8‘9‘%“8% 5@??#1‘?1‘6“‘? FATRIE %0t "The
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one@ehmiedidndy sferpteschg)days | (immediately after

sc Chl n enta of wound heal.i ng
Pt bbodiys SreSms T RLAR PR GboTe e ghis tq gradld ot a

corﬁ:@zhtﬁdﬁbﬂbﬁ@v\%ﬁaﬂtoh Ceds OzH g of Wo IRl o sufddwdtind hdallihs actlvrcy) in
100 x WJ wher e is the width of the wound

a S‘aaf;?h Assan el kpatingeitie ol tat)wa%% ag Hescupreraboyn Wugh is efd@ast 25%
grebler fian kﬂl.f'?ééh% lﬁltbéa@éé (ﬁrcoﬁﬁ&a;teﬁéﬂ“m m(P t SE@B{ &flvities ma ?/

conpounds of formula I- as describ bove are ab
apprepIteoien same azph@atlcmmeh afr eamppenngs that gpdnceoat al cereentrgtion of

e
1 QTR Nesf o IR S SSHARICURING SRR Dy B erkifobee Br
fibroblests whieh issdi deast, abwiui 60P%i 3 180%| grers¢r tRGDthglr sert runtrézeted or
conttr% Lseen in untreated or control cells. Even nore
|'111? activities may be appropriate for sone
appl i cati ons such as conpounds that produce, at a

ntr of m or |ess, an anount of wound
nggé‘ M a""’ aﬁ%sﬁggﬁ%‘? of kerati nocytes or -
f | Wookd Reatifg WivED df%w@ﬁtxdn%ﬁ?o@xmqt (asFbaRkidd PPP4nd 2

reater than that seen in reated or 20 control
(cygl@qasprggengl) vEssEnipatie] InsRging kaatiRoses, Ridc cfaich assay as described

above. Results of a typical assay are shown in Fig. 4, where the top row of images shows

control cells (treated with solvent, DMSO), and the bottom row shows cells treated with
0.1 pg/ml (about 0.13 yM) 1 in the same solvent. The treated cells were confluent at day
4, in contrast to the control cells, in which a sizable “wound” remained at day 4. Similar
results were seen with this composition and with 0.01 pM 2 (cycloastragenol) ira young
keratinocytes, as shownin Fig. 5.

Figure 6 shows the wound healing activity of a composition containing 1

(astragaloside IV) in aging adult keratinocytes, as measured in a similar assay, ira the
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V. Selection of Additional Compounds

NJ

~t_(n

The invention also provides methods of selecting additional compounds effective to
increase telomerase activity, by screening derivatives of compounds of formula I, II, or
I in a TRAP assay as described herein. In this aspect, a "derivative" includes a
compound produced by modification of a compound of formula I, II, or II in one or
more of the following ways: conversion of a hydroxyl group to a lower alkyl carbamate,
halogen, thiol, lower alkyl thioether, amino, lower alkylamino, lower alkyl amnide,
aldehyde, or keto group; addition of a lower alkyl group to such an aldehyde or keto
group, or to an existing keto group (e.g. alkylation, with formation of a further hydroxyl
group); addition of halogen, hydroxyl, and/or hydrogen to a carbon-carbon double bond,



10

15

20

25

30

2 m.) PDGF (platelet derived growh factor). As shown,

the effectiveness of 1 was conparable to that of

PDG-, and was agai n bl ocked by the addition of GRNL63.

V. Sel ection of Additional Conpounds 20 The invention
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conpounds effective to increase telonerase activity,

by screening derivatives of conmpounds of fornula I,

[1, or 11l in a TRAP assay as_described herein. In
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havinggy i dsalisg agtivies et ¢ pRigeniTAtivR of Pugfrlrr dags, dé sk 5% expater,
and; Bbre %l?éf&‘étgi/ Igﬂe%ﬁ%bw %e;thlalg t%lﬁmttnzﬂtof As8lvedt .fch?t%l' ve, when
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VLor Thesapsutiq Indigationscand A redtmontMethodse| oner ase activity in

keral | V. -or f] t as. neasured in a. .TRAP

o TR progibER gt (LA AL £ o ERRR LB Relle folE e oo
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i ddjtion, a rivative of fornula l, 11, or III,
or g e iRt nHHoud Mt G tne e 5Ne fhintrehts oSSt
actioyimaend elll ITe8 tnethSd MeP R¥Rde fHepriRifdy Ek@%bf ifaGntﬂﬁgé \al del or

. in a scratch assay as described above. Preferre
tisspaini Whigh apducrease geéqngéqqe SRtivity s desied. nhkercell may be in culture, i.e.

in vitro or ex vivo, or within a subject or patient in vivo.

Benefits to be realized from an increase in telomerase activity in a cell or tissue
include, for example, enhancement of the replicative capacity and/or life span of the
contacted cells. The method may further comprise diagnosing a conditionina subject or

patient wherein an increase in telomerase activity in cells or tissue of the patient is desired;

e.g., diagnosing a disease subject to treatment by an increase in telomerase activity in cells
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havi ng wound healing activity, at a concentration of 1
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oot P S DR SR B R RO,
effedil-k Bamtiofie ceagetind af @riablz p,rmi,l driAraatieenbaf aba-eellh some

the absence of te n%rase, whi ch | eads ¥ accel er.at e
casep, dfi%TRIARIOP SHSARISY BSRDICR] O AR B P L feTepY; 83 deSctibed

furthRF Belbl SEB8IbRRE thSashblidtBREYI tHhel (1ﬁﬂi@cﬁecf iatpereafhesie). |
di vi sion conmpared to nornal cells tha(‘s cel |

of2) flshgimers dissascol prkinseres diseass HHP%*P%ER% 1925 W&Eﬁi“’s
(cell® t)f ﬁfhg @Ent&? hérvtoYJQ @ysteH‘ EcRRIRSEEBRE okl cellsh® ?easﬁr&’ylﬁ§ of

bnormal 'y early age Can eventual |y | ead
endqtbehal @@&i@rqbée@sw\ést et al., U S. Patent No.

| @O%gd ,%%}ed (%{@% dsQVsr l S&ASERSE AL ﬁ?‘dlp?ig amhmm&g eBtolysis

oner ase adt|V|ty|n ce in cel
and klype&nk‘.lmg, km’akzemsfglmdé;b/perﬁaﬂa)mdl}’pgﬂwa SMG ﬂem&gntand nther

. thods of. treat.i in.a tie ndi fdon
p‘g”geé’?aéln?? g%“ lhﬁ?shgra%lgl gaﬁl d gl 1‘?558 Feash gort% rgrrlr’grsgse
ulcesQEibiobladts, s8bd Edus gland cells, melanocytes, keratinocytes, Lanngerhan’s cells,

microvascular endothelial cells, hair follicle cells),

(c) degenerative joint disease (cells of the articular cartilage, such as chondrocytes
and lacunal and synovial fibroblasts),

(d) osteoporosis and other degenerative conditions of the skeletal system (cells of

the skeletal system, such as osteoblasts, bone marrow stromal or mesenchyymal cells,
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cells of the patient, conprising admnistering to a

subject in need of such treatnent, an effective am

% nt of a conmpound of formula I, Il, cr Ill as

descri bed above. In sone cases, the condition may

ooResb] ect to treatnment by ex vivo cell gheradmdmnoz77

as described 20 further below, enploying the

associ ated cell types (indicated in parenthesis). (a)

Al zhei ner' s di sease, Parkinson's disease, Huntington's
Ost@hpseastétor&d@)stroke (cells of the central nervous

200 B SR AN or e By g afheroscerosi,

cal@i@;m:trtml, &Irezdbcd;lss aais&msurysfmst(bﬂls oKiha hestiatd ascuder gystiem, including

atrop and thin t,0 d skin
end&f‘ﬁeﬁ%r%’%&, SH?@BHB %}dﬁﬁg?@%@?ﬁ% r hypopl asi a,

st | @elreratejdgﬁhcalﬁﬂdégéxﬁ&itlon delsBthaéyeD suca Ay Pigidntdd ésthelium

grayi_ng ir and hair loss or thinning, or chronic

of
andé’l@?ﬂmab?‘@@ﬂ&? i@eelshobl asts, sebaceous gl and cel |l s,

MRlANAGIYS ATV KAkkITO8Y 8t dhanger han's cel I's,
m crovascul ar endot hel i al ceI s, hair follicle cells),

( ) dlegsenad sirasyeclgted immuap sysieauimpaianens, igeludimg impairmaent oF
tlssﬁéﬂﬂnbgef}e?hngﬂﬁ uPSy ggﬂ%%gmge&méocaw il 6?%“&?@ chronic

) synow ) teopor 0OSI S an .
infegléeres or atithasneigrdiiordesncunig acheerstied cell timoyyms tapdr¢lated] kgemias

it M B AL AR S BRI AD Suu BB e
lymﬁlﬁSﬁkiUS@GM @ﬂDéi’?fhroid) Meagﬁpy suglem B end T é}fdl;ﬂl))py(ee,) mageytes,
g stress i seases of yascul ar.

cireiRRBetnf 3Pt Ry B h SRR b BB s B
cell@mddahaurgslsmvépx@gbxﬁtomﬁ the heart and vascul ar system

i ncl udj.n endot hel i I SO0 nmuscl ; ells, and
it T 50 e Bovef b phen el wBrIR AP b igesse
telofiRgRRedcabitPeanbe ehdrapeiically enblicinl irklhab, bas arlé'rﬂml—‘lﬁﬁt@d to, cells of
epi thelium and vascul ar endothelial cells g) Al ‘DS

the kqunrv epdegnng anderoerie glands, |sg1))otha1m§cx{lﬁ)xrea@re$ e %} musculature

StA§ 28 ek BhAL 86 tHe NG ERYSHEH MEBRHILAE EDS T Ml HALDE: is
i npai rment. of tissue turnover, which occurs wth

increagedrasithesg ioplly attempictorconteal thedevel ofdlI3pipfected (EB4ogells. In AIDS
(uexﬁfﬁgg BbSve Ccee{aééﬂ?g&ig(? bQ Eau‘é\é&@r tﬂ@%ﬁ,‘ ds%ne% St S

i ng era turn at ed aneni as
HIVarebtatted CRES gelse Tt aging cﬁmdl ¢elllsmatt(1b1tbré notcsainply tofabidrmal

| udi I
e 18R g 68 PR filldiatoR it sin pHRADl e imcrcasea
replicyﬁph oary tof the caltm aeiittless telontdre fxtttioh umeaacthm @oinad] ifaratat

gmlﬁ’agg ’gﬁfsrgchr O,q&entgc)éf pgsnpergﬁr ophl loﬁé Pgtg%é‘gg ?@ Jé:[%’ infected subj e'ct,

and ALYl @G ly-of reducing early senescence of HIV-restricted CD8 cells in an

HIV infected subject, by administering to a subject in need of such treatment an effective

amount of a compound of formula I, XX or XII as disclosed in Section II above.

Amn increase in telomerase activity can benefit non-dividing cells as well as
proliferating cells, e.g. in conditions associated with increased susceptibility to cell death
due to stress, such as ischemia in heart failure or in stroke (see e.g. Oh and Schneider, J
Mol CelZl Cardiol 34(7).717-24; Mattson, Exp Gerontol. 35(4):489-502). The invention

thus provides methods of reducing stress- or DNA-damage-induced cell death in a
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15 In addition to the cell types noted above, further
cell types in which an increase in telonerase

activity can be therapeutically beneficial include,

but are not limted to, cells of the liver, endocrine
and exocrine gl ands, snooth nuscul ature, or skel etal
woeDu/miuse. As an exanple, in the case of Weruszod/ed277
i ndi viduals, CDSt cell turnover is increased as these
cells attenpt to control the Ievel of H V-infected CD4

cells, In AILDS 20, |ten1( di se
subjget; $16h @8 2 FBPIRR eXRRTS anwclt 3%938518 ﬁ%emi’ﬁaﬁ failure or
strok, by ’ilﬁﬁ&dfsin%ttSIGm@%é'a&ﬁldz 8 ceﬁm tRuBfc borfiptEibin gehllnﬁme"rmg
attributed not sinply to abnornmal amount of Joss of
to aisubieatisn seasieafisuciciaentient ap effectidouneunh gf 2 perppoynd of formula I, IT
i
or s S P GARE T R AL R Ao
prelimgnampbtepof diagaesinggin dhesubjectabd indicatatheonditipent i on t hus
2%8 \g/rllogﬁer as ecrt),gtgs Ic%]l;,ll gsft‘%‘%g {T‘P be 11 ﬁ? I%org tflentfree gte ﬁig g&%ld‘ﬁals in
whi€lf onelloY-ni@s tcell @b&dar@ﬂ)ﬁﬂtu@&ﬂl th‘at paitlelanandlﬂﬂ/hbse hffe cdrelse extended

bj.ect ., ) nistering to a ect in_need
by ol i S S b RS e Pl S
deathO10%Y eRarhple lof sih al drbupsf (ilsie lyagpeeytdd praeit ID3Wn 3Sdrome

An increase in telonerase activi ty .can enefit

patigih - His nusniign dlas psovdes gangthodoof eﬁ‘f"&F‘W EPYEAHAYF @Bpeily, and/or
life §paf of l'}iﬁlp‘ﬁ@&%§ profat ﬁ%w.tz §ﬂ1d¥81ﬁ4(;pdt1€ﬁtr BpafPeasing telomerase
suscepti to cell death ue to stress, such
activity ip sadfl éﬁHSanltgﬁ priignt, comprisingadpinisieringte gich o patiens ageffeoive
C I 7
ey SRl o rmln € PRl ey Sonibd T el e
comphsitsongrmayi alesbeamsed culisnpodveresittancaty steseimduceyt cell death
Oa%?#% amage-induced cell death in a 33 WD 2005/ 000245
yaus subj ect, such as a subject
elpe firelee asgcl (Sftthe ventioanidtreasmgselomerasestieitgtueeffastive to
hea %tlfal%ure 3 stn&ke, b% iEcreasin%}teloned% il
prora%tle vVl {ny, gt AVouEHs, gu S0y, ﬁcg § ac%tsﬁ,b TQPconditions o the
cpideghis NTEE BF-LiRhn thes Fotiddy £6éthddoMLethOin Suthot & eahxmaeﬁ

an effective ampunt of a conpound of fornula I
of the; qpidgamyy; Ricpdsupigteripg Sepatish 1 peedpb ek tatmshte er&%‘%}ié

topz&h@ térﬁtémc&axéréanm BtV EnoanPéal fhialoh ot 8Pis@lhted

di agnosing in the subject the indicated condition. In

comapiendiadrfopmie é._tI,I of B a8 displessildn Seesomdlyabpe. used for the
t (A%%‘sé@ﬂéreiﬁl{ ad {Al‘é{rl]té'olﬁj Eﬁjoaw oBaditfthl e SePdcfhisFhdtudes labute

types are t patient, ose e can
condiions)stieln d@dsioﬂmysuﬁ“mted lirdtragnat, beng kabrlasmlys, efrgicad wisumls,l donor
grafbgg% %n td(lfisgoeng :((‘g%&i @y &glavgﬁrqagrgr%élra% tg%u%%éﬁi&%ﬂg Sfehs c{'Lromc

vendugifian clidteic Rlces edipriessidaniter, Spréijmd soE ahd uftedrs enddes of the

] ot B S IS o Rl 0 e

mﬂaﬂﬁ&&ﬁg}tcohﬂltlan BPRecliom)on 8y @ @%eﬂ@ﬁéﬁ@dﬂ(suchﬁs ki@ asinagon and
t el oner ase aCt|V|ty|n sai d ati ent )

cosgsiagn Peerenalie) n e S ovgmole, BSICRUSE. Dl Viehe S5555.

eI SiCAIY Effects of an increase in telomerase activity in such treatment include cell

proliferation or migration at the treatment site, epithelialization of the surface, closure of a
wound if present, or restoration of normal physiological function. By “epithelialization"

or "reepithelialization” of a treatment site is meant an increase in density of epithelial cells
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anmount of a conpound of fornula I, Il or Il as

di scl osed in Section Il above. The conpositions nay
al so be used to inprove resistance to stress-induced
cell death 15 occurring during normal aging. In a

fwbbbhRle@sPect of the invention, increasing t%ﬁﬁ%ﬁﬁ%%zw

activity is effective to pronote healing of wo

burns, abrasions or other acute or chronic conditions

of the' epiderm s. The invention thus provides a
atttm‘sitecm‘smfesmlteﬁhéag)ﬁadtmnye or chronic cone pion of

of TRCTRI R B LRty B0 7% o BRIt RESEDL

effatd ahetcraise & teRmegdsk aefwmyal arpieitneht dchee dbvaidesT tiof

an isol ated u fo I, Hor. Ill as
tregjment|SHee Py ivel gg eresrefﬂeq te 1%\6%9{5 n}Jl%ur@sr@acqa%? & qsuregf a wound if
preseE Wk @e&braGbi @m&nﬁpﬁ}@blblo@ﬁal%nchbﬁ Eﬁ%rdﬂ'eﬁ‘c@lls thicaviigsate

acute conditions such as |esions suffered in traunm,
in WA slosiy ebeohspartvipaging direathicn S bpaling asineess (fgF gfample,

bec§ i@ arfBftht BSHQNRsES! uiﬁ% BVerinB MRk HidSa AORBLR g@?ﬁimg an

chronic conditions suc chronic 25 venous u
ﬂwupmﬂﬁﬂﬁbmuﬁe@prb@ﬁpgésboﬁndblcer pressure sores, and

ul ’fl%ﬁiw@r{tloﬁ%sg%oﬁtfefnﬁslal?essnu 0fAbn SMLE 858 anﬁir.gpgug A5 pded

are skin or epit ace esi ons caus
pergaavedidstfemts in thenﬂdiramnﬁwwfoy odmnptirpcbsss; soch ashbemtetio nnhamcednqut

a def C cel o
c o%éu%ﬁ@% e %r Comgggmffs o?ﬂée lélnﬁ?téon ‘13&1?8 used to
enhfhre meplli‘&atlvé/ﬁpé)ﬂ’ly%ﬁ&e exﬂ@ﬁds life sfpnef eélfséa taltofe, ag. m ex vivo cell
ctivity in such treatne

ncr ease se cg
thesa P e oR AR i Gyt i SF R el PSS e it i the
cellf.r Rale@RN téoth&ascaRtiVipeint@hde? thk réplichtive tcﬁﬁaéityféff%ﬁﬁx cells by
cl os;;r e of a wound if present, or restoration_ of

slowigg HPmEtRrepest ot Ry orrimREaing Resistapce ETirrstinduced gl dsath

durRE cell BERifdARIA al i zation" of a treatnent site is neant
an increase in density of epithelial cells 34 WO

2dothen 0Te 6 ety ustiogng xoziective amphrt of] 2 eongppund péfgntla X,

noggﬁtab%e@&m @zgov%hsemeat gg {f@ep]bs& *@‘i. U S&G}eec sgd to

ance growt engra fects
“effeftivaamovot'geSs tp @n taaioumf&stwea@mpmmwtelqmsumctmty in the

celld tﬁe?éb\r}fe?xgrel?s%l pﬁi(c)%/f%%: 5 f t he hge% s,rp%mgt i;eill o Ct i on,
c | he lerplanf calis my ﬁld:lucfe for BX@W ktemoslélli ssdlo &salbdnéﬁn@fow stem

n hysi o j functi on.
cenftf S oRINS0 4 B GR goshon Sg Sl it ALV
Biofécht 2I0Y6)i 392160 20479 21l 488enBESEES Sellk f(’Pﬁorﬁé@é‘?F&leNat Biotechnol

econlgﬂ) art of the heal ed tissue) by covering
18(Ppi@ 3§ hRase@Wé}oeél;ﬁOﬁ%wheﬁﬁh@seawtedemW@ abpygymay

alsoWeQBﬂE@ﬁo@@Lﬂo%ll l%)(ﬁeﬁ‘%ﬁérﬂﬁﬁ |Ex§xﬁpl€?§xclhaé[ Qgé LQbe %u%&F satellite

cont errp ates mani atio N an repair
cellgioy tre@toprt e%mwulad dystrophy, iosteotisstsshitreas osteaperofia retitaher

pxgnQéﬁEelaoec‘;ﬁﬁl’ehﬁ ldglﬂ fgxsag%or%ﬂ?edlrﬁac&lap&'ééggggnon chondrocytes for

osteoarthritis, and so on.

For example, the recognition that functional CD8" cells are limiting in AIDS
patients to control the expansion of infected CD4+ cells allows a therapeutic protocol to
be devised in which HIV-restricted CD8” cells are removed from an HIV-infected
individual at an early stage, when AIDS is first detected, 'stored in a bank, and then
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In a further aspect, the nmethods and conpositions of

the invention can be used to enhance replicative
capacity and/or extend |life span of cells in culture,
e.g. in ex vivo cell therapy or in nonoclonal

anti body production, by increasing telonerase activity
WO tdogooozssl | s. |1 ncreasing tel omerase acti vit yPCT/US2004/020277
increases the replicative capacity of such cells by 15

sl owi ng tel onmere repeat |oss and/ or [ npr ovi ng

. resistance to st s-induced c dea ur|n | |
femBPé‘i“iefie‘Pfé‘ttPB del‘t“iP"’f ﬁte"léfééga%ﬁ thp “ét&ﬂ?u“é’ as thy
reqxﬁfeﬁmsv&eua BPARbleOThud af mammaﬂs b cireBHtanded b?l hlpr&bcol

|1 as described above is added to explant cel

quswwmenw afminisghpe ef thatapdivideal's pgting @eawtﬁwmpr@%ﬁ%e

3
pon{t? T@@s@%ﬂggﬁtaﬁé E)gi‘ﬁ%ec\rég B%/ Q?t%rgﬁxéeg???olfo?s}n%rr%g% I@eggs%?lés\ézkﬁ&é or
by d@taanamutlg/ttaridtgbh of fefomesgsamithof such @D<8etdlls, asmend;mioamf when

thosga%leﬁs %%eé:\?v&% tséx?ne%c‘,eélg? &8 %ﬁ%lcg B( etn:hx%gtt é,’ tag gt%g%gsse’lls can
be ekpandedin hambetin dmaﬂrese&éel cﬁ‘ aft Sgdm‘)whtahl sletvs atlomendatpeat loss, i.e.

Bi at : -6,. 2002) , renocortical cel Is
compe “%ﬁat{{," “é% %5’%‘504‘%@%?@’ Se&%"(“t be¥e15  2000).
D@eaﬁﬁngtg Nele idvefonSp6vid@Smdthals of ém\tzﬁﬂceurbatsécmisrapy, which

Q) may, 25 al so he subj ect Vi Vv
mChtdél qbgeﬁaglgdt q@ @Pawtw@z%«ﬁﬁmégeqt ot GeRending theseellpopHigier &
vivod %@tleiﬂ iR ceft ?H}@laﬁ&{ is trlbad WRRL c&hpdiag 6p f&[nu@ayﬁﬁ SPNY as

osteobl asts fo treat osteoporosis, retinal pigmented
disclosed inePecsion deabioxe fip an ageunt sffeqtive taineredsa riclgmgrase peivity and
ther B8 T Aty ADRAT S e pan BP0 B ATy e
methgdgdniendllyiingudes dRgBSiROIn gathient & sonditiancnbjest tottheatment by ex
i nf + s allows a therapeutic
vzvopcreog g%éoqotﬁ? l%Ey’bedﬁgst t%gse%eﬁi a\?\)fé!’éch H V-restricted CD8+
C dh h Sughe enchdiresht fthoimvemiohlpkovides e atethdd afrswnvcaﬂlmbhfaﬁanon,

wheE & e PRI ORS S0 LO R Bt R0 o

discloéd il St L Ul 45366, ih B o ReH: ireliiab tcﬁiﬁur@asL at'ef.:skageivity zmd
when that i ndivi dual no | onger. has the equi_red CD8'
thergls| gnBancefihp agnlisativeirgracity ﬁnct/?tdrfwma gf the cre{ Lpgpylatipnpe
extended by a protocol involving continued
adm n| stratlon of that |nd|V| dual's limting cells at
and; e pofpAdmintyisetion appropri ate points can
b
efh% ﬁiéﬂ%ﬁ ?ﬂﬁ%ﬁﬁt o E9°§p9?mrﬁ§é RO HER 6pofiont
usemr 1rxm¢dsglg tésmarase mltvamtn aorell @ﬁd/mhmnmotmg) swundhéadingyi | |
beco sene ord the in
AccpRERE ORISR Prnpahe S ETRORTCH 't hs RSP FSdchfa s
combrned; ed’iﬂEa pﬁarﬂxﬁcagealtexmbﬁtharﬁﬂ aptiendlle mﬁe;rtﬁerrmmﬁﬁal b,

ad;ug@rgi, iaaq tg? ggn gy}ggh x%é’_x} 1nuluge actxvel zilnd mac%nllel ingfc’edgelns ¢ l”_[%s ed in

compositions may fake the form of solid, semi-solid, lyophilized powder, or liquid dosage

forms, such as, for example, tablets, capsules, powders, sustained-release formulations,
solutions, suspensions, emulsions, suppositories, creams, ointments, lotions, aerosols, or
the like. The formulations may be provided in unit dosage forms suitable for simple
administration of precise dosages.

An isolated compound of formula I, II or III may also be formulated as a dietary
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Accordingly, the invention provides nethods of ex vivo

cell based therapy, which 10 include obtaining a cel

popul ation froma subject, and expandi ng the cel

popul ati on ex vivo, wherein the cell populationis

tweado&toowdst h a conpound of fornula I, Il or Iddra@8e0s020277

di sclosed in Section Il above, in an amount effective

to increase tel onmerase activity and thereby enhance

the replicative capacity and/or life span of the cel
suppirspeuit F npiracePhieal, fopotabaiinyastestion | Foriaoutaatestionl fogmalgiiony or

o T B S PR A

carrigrsfsuch hemasmbddiactose gluccise, suerosm stach, pellldsdegelainmpagnesium
rati or a_stemc o

steale, SHEMRGRornaR P by Bl HRESLAEOO AR RE fid 1,

formalatibhk, tAs copsgtianag herpréfsﬁﬂaﬂla@l sbH:tical) Gvispenkion,asmudsion, or

anmount effective.to ncre t her.eb
U e ep FF 9 el e pyfablf PO gl Aauspus
carried) QL1 E1E4Y, fRdnplel ox?sQ‘aMe' aquESUsidktabid) 5 caidd oMethbiels

of Administration_The invention enconpasses net hods of
prefisatlys a’fﬁstwrm?awe\lase%rm HEASIr Ko S GRIPPYHRN M afsg (coptgp minor
amohI§ HE Ash-Pskil §u791‘f§§ abStaiéel such bY weiting aSBhtk, éi‘lﬂﬂéx@[ng agents, or

pronoting wound healing. Accordingly, an isolate
buffess aisrdated comperidzofformuja IoH or X I%ﬁé! %lecs be ingeigorated into
cxisff il lcal Rl s At by ORERG Gy “Phich may o
inclhudelpry \harhalsemmu stitteas| amlcet;raomf magdys mﬁvlrlurdmcam ive and

ipactive in ts 0

f g&mu%fxg S%cruglg%eélgl% or % Sft gnt q%%m%ﬁgciu%ez ggéhr c%n’?&@?nts %? the
epidérinipy |aobodqmagé of fromok X, Hue Ii[Iamfprrﬁmte@ iamMpeal ddabidigtasion.

. sust | ned-r gl ease for nmul at

The §3RE o P Ra ABUEPBHEY PEMATE YOO8 ApBsF of |BEn, cream

gel, GHRAEHR, stiRkNSPTRY) os pastd) I THIRSpro@ARE 305 San BE forfulahel dccdaﬁmg to
The formul ati ons may be provided in_unit dosage forns

well kngwa preghadsy Theyiag comprise Hruqus Hipebef 63T clRplading, but not

limit SRR RtioA) aelagb@t&gﬂs@&g}g%nﬁdq{poiﬂéml"ﬁlel carddr n;ag bkl |
may al so bé fornulated as a diefary 36 WD 2005/ 000245

formplgfrid Sp0nampln 25 7 erifen. dpine angil-inuir #8E e WpteEin-oif kese.

ot B0 L Ron o AEGRL Pl I B
vegetaklei @lsenmmal fatd M@ﬂgmamthmémnoeqborgr and ester and aleotiob s
theredf ﬁlcl?&ng%gg tg{s’ asI \%ﬁta?%? an%l gcf Ghe % gr g&c% derﬁ&lﬁ&n%t&lso

cél eara
inclus@am lemulsifeer aad/dt sxrrfanmgm ng a,lmrmrdmﬁabmnt Emh assaee well known

in ot dithesse s inges B SR0SHEpotS B R SRofp P phase
SYliet! Popid ForendatidR typRall tdnfis dnd of fbt-€ ctpbrieits sdleéted from a

sujtable for. hydratiogn in an aqueous
structurmo agent, a thickener or gelling agent, and -an emollient or lubricant. Frequently

employed structuring agents include long chain alcohols, such as stearyl alcohol, and
glyceryl ethers or esters and oligo(ethylene oxide) ethers or esters thereof. Thickeners
and gelling agents include, for example, polymers of acrylic or methacrylic acid and esters
thereof, polyacrylamides, and naturally occurring thickeners such as agar, carrageenan,
gelatin, and guar gum. Examples of emollients include triglyceride esters, fatty acid esters

and amides, waxes such as beeswax, spermaceti, or carnauba wax, phospholipids such as
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(w/¥ntEoieecifa sesabéer @ncqw@tx@md@e@s ondfraers such antheisieaissgedose,

carrier, such as, for exanple, aqueous saline, aqueous
dextrose, glycerol, or ethanol, preferably water or
normal saline. If desired, the conposition may al so
contain mnor anounts of non-toxic auxiliary

substances such as wetting agents, enulsifying agents,

WO 2005/@ofsf ers. An i sol ated conpound of for nuPETS2q04/020277
or Il may al so be incorporated into existing

nutraceuti cal fornulations such as are available
onventional l.y, which ma

leoi{bi, pasterols pof Pty a4 GBiery oty thadf %S%eﬁ%“qatms may further

inc1hESRERRAPBHs F5KhoWh ¢ 1he adiQUR Gistria gl S, Q'rdgl’radcész ligredits, skin
of other acute or chronic conditions of the

penetmtu@rqﬁ&wslcma gV SUeree s ¢6rmula |, 11 or |1l is
AteflodiRh c{oﬂ@'oﬁ%nsmaﬁb%yf@rtrﬂu@ﬂed fadhfiist¥IdnC| e
for toplcaF application may be in one of various
par dnerally, trensgernzally,ouribyinhalstiem ndn igigctablsi aemppasitionder pagenteral
admupl Et(r)a}r{i&n ?1)6)1(%%.?}35/ tcc?ntﬂxs tkg GctlVe %grk‘iﬁtguéld% gguﬁgrﬁe s&%?ﬂlﬂ lssg&?g
sterﬂﬁph;@t&ogﬁqapmnmfﬂmmompemson mm;cailefongulab&nt asracﬁtuSpetriSiwhﬁled
sol ut.ians, .aeros emul si.ons

hpuif p%g)ép}g)ilpl%—rwé l@gsoﬂlai Fusﬁgti;loBeor ip ap h%‘f%‘%“é gmu 51011

emhfmms&%u@mbﬁﬁh&laioﬁmhe et ragm@auxmn ik fonmuAﬂb@ as @olid or
wat er - i n- Qi

Suitab r ophobi
hqut(’o%?ﬁ‘bﬁ%?ﬁ*’gc ;f@anw? 0B Mgy S‘aﬁg’ ”i%ﬁ &lPJSBe‘ﬁ‘f‘{u Jéé?aanpl e,
dispeRaRt 3kh&s Pictole, t8MclBdte Adtbsl fiftaiod. SBoxStYaﬁishk&tﬂaD
hydrocarbons and esters and al cohols . ther

e
adminigiraiionn g thotcjie eepround & Rigfpibly nclydgd B sé{ayé‘fqﬂaﬁ%ch
Wh19111 glﬁjwsSfUlcﬁ & WP oftpSGhd th AGEIEERd 38 GBRILS | dnti @Fhich may also

or 'surfactant, e.g. a nonionic surfactant, such as
mcladeepmbdttldnmmcmg nuhsmncfz;r wuch pealiphatiserlaehalner glyesseind

oﬁ{f%n He Qrssua]ﬂﬁ)? ulmlcsn? (N2 alcmerelal |11V (o) %éar@ﬂtat%echose
or nu ron typically contai

smms methe(artpfm exdnipls sbeRamdgbn o Varmaentivotl Sciengesdd @ nEd.,

s S 308, PR T P Al i o

the béledtetlershRngd Ghopharmdceatvallssafesandieffastivat aeaasM £ ai icohading
yceryl ethers or esters and oligo(ethyl ene
tdoﬁ%?ﬁé%“@?ﬁ@?gwéFgﬁsF%%ﬁ'Fﬂ@reof Thi ckeners ~and

geprefepiblya SR Pharnmddsltidicor nliRicegi@Ndipos Py dBREAing0dt least 0.1%
acrylic or methacrylic acid and esters 30 {hereof,

(w/ podyaramponrd eiformuind, Hear dlaas dgscgbed aborvis gprefirabke srepier than
0.1 '%Xﬁﬁ_p(?ﬁno"&g % efa@ @Qb?ut 894 ahd Hmr@ﬁﬂaf&h!lﬁff ug4¥fabout 1%

es o include’triglyceride esters,

tredy BB R R B i 890 et Phim, cand
st Borateatraome of atnﬂ))ecami p:lmem; ks at hmawokl The huoph patfent, dosages

are g%t%gnﬁnpc#a(s[eéog%tor% asatgxfe Ipvnc H ?‘ﬁ% oQ/teJP 91 heaftii R {hee:rlshgje@tsthe

ragr ances,

conditdBhted, kéily oﬂ?ﬂﬁﬁd , RN DRBipRe ﬁmm@nﬁgﬁ'ﬂﬂﬁtﬂans are determined
sunscreens, etc har maceut i cal 0] nf Y
agpce; ects ypica

to prpduseree desied porefigiiils raV%té'ﬁﬁ ARG dsiT

dosages of the subject compounds are in the range of about 0.5 to 500 mg/day for a
human patient, preferably about 1-100 mg/day. For example, higher dose regimens
include e.g. 50-100, 75-100, or 50-75 mg/day, and lower dose regimens include e.g. 1-50,

25-50, or 1-25 mg/day. In specific embodiments, for example, the compound designated
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5 parenterally, transdermally, or by inhalation. An

i njectabl e conposition for parenteral .adm nistration

typically contains the active conpound in a suitable

IV solution, such as sterile physiological saline.

%hemmgaﬁggltlon may also formulated as a suspeRBksRRb277

a lipid or phospholipid, in a liposomal suspension,

or in an aqueous enul sion. For adm nistration by

i nhal ati on, the active conpound is fornulated as solid
hergip as afpyblp@ﬁmaeer@énemrngtaned atd legel ofhe leasirlrmg@a}zcmefmaylv at
leasél%?rf%&apgeﬁgg {:&n ougg ?CS{@ ttgd ggrg{cr)lsoll??%trr nqg%es{ ee}%is a%mlmstered
at atle\ahsﬂheiawlso raydaynp&fermyamﬂeasﬁm naday e conpound i's

i nc ransder.mal patch ich
P FttR svprertons Hrarveutod ntbRE iep e 50 of e
havé KXcﬁlléTn@ BloBvhilatiig adhicshtoRiBYy. s @xarhple! 4 EprédentaRad dopound,
enhanci ng. subst ances, such _as aliphatic al cohols or

cyclonspragengl (2)5asveentiyg Sorreyersshapisnal me tatiothpatential Inthe denss

test a&epusﬁmz%nw zlyp);}ﬁmﬁm e bichifs TRAOSETARHO, Ii@ﬁkas nrAhesy
art; for exa see Rem ngt on's Phar rraceutl cal

and &; catesier ﬁ(traygg’@é uvrA,\f levelangs tagS 0P |G/ plate. 19%; werr-ltréerated

Syﬁs? 3h{eltsg H’%@% tﬁegfeg 235” a% n%‘%ﬁeﬁﬂgmﬁhé}lﬁg% y S aT/ w
No siguifiesnt ecoste1d¢eendwu ushatngéWene nbsee‘aamfmg matee oo fﬂmed\tsen behavior
t the r et cells Pre

(e ldnb Rt it B e e S, Blpplsg et ok

splee@nhmaﬂﬂogt ol ctiaisl oﬁerﬂl%ry.( w' v) of a conmpound of formnula
I, Uor Ill as described above, preferably greater
thq 0.1 % up to about 10% preferably up to about

Examples;\d nmore preferably up to about 1 % (wv). Choice
of a suitable concentration depends on factors such as

Engg%fé d e@medioaesestra%éwmyt@a@oge&maomn delivery of

the active agentbH 5 For treatnment of a subject or
patient, such’ a mammal or a hunman patient, dosa es
are determ nedlbased on factors such as the wei g and

overal | heakJﬁ of the subject, the condition ‘tj/eﬁt ed,

o severity Jof [Sywt ons, etc. Dosages and concentrétions
:ggg* efyaed to produce ti®-desired beneflit “whi | e

HO ' $yany undesirable side effects, b‘@ OH
dosagés’ &f,_o e\%ubj ect conpounds are e ir ange of

about 0.5 t0l500 ng/day for a 30 horfex ps
preferabi® jbdtt 1-100 ny/ day. For exaNplbe, hi gher
dose jeginens include e.g. 50-100, 75-100, gr 50-75
ng/ day, and | ower dose reginens include e.g. 1-50,
25-50, or 1-25 ng/day. In specific enbodi nment s, for

des 0
RSB, S5 S SR AP S
(SOQazdIﬁ mldsth@meeratNaa stireadedt raxim &tnpleﬁaﬁé far Td4ydayThe reactxon
referab / day;, or .the conp o

ESvHiraneRen & foubhal Pt M BUES! TORbrast 20°C (fo o
heat?d'llhdmﬁﬁﬂé @8s partitioned into aqueous sodium bxcarbonate and ethyl acetate.
The aqueous layer was extracted with ethyl acetate again. The organic layers were
combined, washed with saturated sodium chloride, dried on anhydrous sodium sulfate,
and concentrated under reduced pressure. The residue was purified by column
chromatography (20:1 ~ 14:1 chloroform/methanol). In order to replace the residual

solvent with ethanol, the purified material was dissolved in1 ethanol and the solvent was
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at a level of at |least 50 ng/day, preferably at |east
100 ny/day. Studies in support of the invention

i ndicate that the conpounds of forrmula I-111 5 have
excel l ent bioavailability and |ow toxicity. For

exanpl e, a representative conpound, cycl oastragenol
wo)2008m824hegat i ve for reverse bacterial nut aP¢BHS2004/020277
potential in the Anes test, enploying Sal nonella

Typhi muriumtester strains TA98, TA100, TA1535, TA

4 | t { A, t | I
fen%edswc?%naeﬂﬁfegfpgémrfﬁ?i&@ S SRR oty ot e eal Ty
HvaﬂﬁmtIagls)%a %\Mt)e)mr(atﬁ 4af HEr11p) (F]QISG{dI.IH: na\&ez,mqm 0.92 (s,

n| ecti ons u Si1.gn
3T o8 b iiont Sneroe Lid i Mpoi 83y T hh sl 27 G,
3H), €98b eni, 8 ezhﬁwadoy 7(83HE' m) z@n(@kyng)smq @h 1H),
Or an wel eart lver k rena
35000 D3 a0t J=|17e41ﬁ201115§;4 v el s Rt SIVI§ /2 Positive

491 Wo c a?loast rageno )_(%G%ﬁ%éé%%é% Rgl—%ogs%}ﬁ%ﬂl Y

chla@efo@n/n@ti@dohiO~- OH HO H OH OH 1 2 To astragal oside 1V
(1) (500 g, mtl) was added "HCI - MeOH 10" (TC
Anerica) 20 (500 nL) and the m xture was stirred at
Exafpte. tRreppestvnwf eothpsunds 82§ snd Them rasaagalaidedivVii u Remoas of
concentrated 1o ahg reduced
elvcosides from astragaleside LV (1), 2 angement
part it oned i nt o agueous SOdI um bi car bonat e and et hyl
h& aqueous | ayer, was extracted with ethyl
acetate agatn. The or ganj yers were conbined,
A saturated sddieim chloride, dried on

Yy

\o'graphy (20 iT4: 1 chl onof,

Ho to repl ae esi dual sol vent o
it’he purified mat s, ssol wed x0T nd the
sol vent was 39 OH OH
HO” ™" OH
OH
5 6 7

To a solution of astragaloside IV (1, 1.00 g, 1.28 mmol) in methanol (80 mL) was
added sulfuric acid (0.4 mL), and the mixture was refluxed for 1.5 h. After cooling to
room tempefature, the mixture was poured into ethyl acetate and water. The organic
layer was washed with brine and dried on anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the residue was purified by silica gel column
chromatography (20:1 ~ 10:1 ~ 7:1 chloroform/methanol) to afford the rearranged
product 5 (24 mg, 4.0%), monoglycosides 6 (172 mg, 2 1%) and 7 (29 mg, 3.6%) and the
aglycone, cycloastragenol (2) (326 mg, 52%).

GRN140724: ESI-MS m/z 623 (M+H)" C3sHss0s = 622
GRN140725: ESI-MS m/z 653 (M+H)" CagHs0010 = 652
GRN140726: ESI-MS m/z 473 (M+H)" CacHasOs =472,

'H NMR (400 MHz. CDCl) § (ppm) 0.72, 0.85, 0.95, 1.05, 1.11, 1.17, 1.18, and 1.25 (s,

3H each), 0.9-2.1 (m, 13H), 2.20 (d, J= 7.4 Hz, 1H), 2.4-2.6 (m, 2H), 3.42 (m, 1H),
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WO 2005/ 000215 PCTI US2004/ 020277 renoved under

reduced pressure to afford 2 (2.1 g, 64%. 'H NWR

(CDC13) S (ppm 0.34 (d, J= 4.7 Hz, 1H), 0.48 (d, J=

4.3 Hz, 1H), 0.92 (s, 3H), 0.93 (s, 3H, 1.0-1.8 (m

%‘iow&oo%ﬁ (3 3"') 1.19 (s, 3H), 1.22 (s, 6'FQTT/U§203]/020277

, O (m 4H), 2.30 (d, J=17.8

2 54 (q, J- 11 8 Hz, 1H), 3.27 (m 1H), 5 3. 50 (m

1H), 3.72 (t, J=7.4 Hz, 1H), 465 (q, J= 7.4 Hz, 1H)
3.78%d, M5 B Z5. P8k 1y &.634Q,L7 € WHH:, 1He §ati(bres, AY 5.57 (brs, 1H).

(MACO)-. TLC (Merck, Kieselgel 60) Rf= 0.33 (6:1

cl 11 orof orm net hanol) Exanple 2. Preiaration of
Ex&ﬁlﬂ@&uAdStvlitloxﬁoﬁDdbrﬁlafhbﬁiﬂf@ké@éhOSi de 1V (1):

Renoval of | ycosi des from astragal oside IV (1)

Wi ?ﬁma?faldaﬁtaﬁ%? et oyere ehitined aFGosHekied At mesho gapp
5 198@bQ:1teh| abbled B hcetdiatiblor 268 28at0@d SV G H)md 9 {'@ﬂelqath
6 7 To a solution of astragaloside IV (L, g,
a srnalbs ampwitof the Leeachigtrotoupigpart ) Pyisénium d@l@@cbrammrqxcdanon of
9g%& © (0.4 nl), and the mxture was refluxed for 1.5 h.
fter cooling to 15 roomtenperature, the m xture was
tate and water. The organjg,
h brine and dried on anh dKous

poured into ethyl
| ayer was washe
sodi um sul fat e,
pressure a

&Bﬂzzg£ @ed— pr oduct

5 ( Z%he Ny; !400@ Jonogl ycosi iy, 21% and 7
(29 ng, 3. 6G¥o) "arté t he 20 agl yclffe, cyd-pastrageno
(2) (326 o BIOPA GRNL40724: ESI- M ( MrH) +
C35HssC = 622’ GRN140725: ESI-MS miz 653 BMH) +
__C3€H600!I.O9= 652 GRN140726: ESI-Ms m 20473 (M+1-1) +
C30H4904 = 472. 'H NVR (400 Mz_ CDC13) S (ppm) 0. 72,
and 1.25 (s, 25

S i ] e & Cr, J= .4 I_IZ, 1|_|)
2. %o Qscﬁuﬂidﬁ ofald) abo%e a2y 1&1 0. 0(@3 mrnol) in methanol was added sodium

borohydride (10 mg, 0.26 mmol), and the mixtuire was stirred at room temperature

graphy (20:1 a;o 1 -
thanol) to afford @rr

overnight. The mixture was diluted with chloroform (3 mL) and directly subjected to
silica gel column chromatography (3:1 chloroform/methanol) to afford 4 (8.0 mg, quant.).
15 ESI-MS m/z 783 (M+H)" C41Hes014 = 782.

Example 5: Formation of trione 11 of cycloastragenol 2
The 3, 6, 16-trione derivative 11 of cyclo astragenol was obtained by CrOs oxidation

of 2, according to the method of Kitagawa er aZ., Chem. Pharm. Bull. 31(2):689-697
20 (1983a).
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40 WO 2005/ 000245 PCT/ US2004/ 020277 3.70 (dd, J= 7.8,
5.9 Hz, 1H), 4.63 (g, J=7.4 Hz, 1H), 5.45 (br s, 1H)
5.57 (br s, 113). Exanple 3. Acetvlation of 1:
formati on of 16-ketone 10: Conmpounds 9 and 10, bel ow,
wer e obtained according to the nethod of Kitagawa 5
HaB@esnootssed above. Briefly, acetylation of PCT/US2004/020277
astragal oside IV (1) provided 9, together with a
smal | er anmount of the 16-acetate counterpart-

Pyridi ni um chl orochromate oxi dation of 9 gave 10. OH
afinle 6) Arvigiiomo hydrexsd 'eroup ofx BSL{QAE O AcO O
l:: ¢ OAc a O QAc AcO QAc QAc
Exanpl e 4: Rrgparation of 4 (see Fig. 1)oiby
dea. cyl atiopKof 10 To a sol ution of
i n nmet hanol was added

{ um borohydri de

: nvnol ), and the m xtugefwas stirred at
?;ure overni ght. Th upg was diluted

(3 nm) and i ubjected to

@ol umm chr odraphy J(3: 1

ar:of or m nmet hanol ) aPfoRds 4 (8.0 ng, quant.). 15

ESI- 8 mz_783 (MrH)' C4i H66014°2 782, . Exanpl e 5:

Formati onY8f trione 11 of cycl oastrae€nol 2 The 3, 6,

1674 & o ndFchdlethsira@nd2)0(50 ensc | 0B niYen dichivdsmethane (5 mL)
e R R S e e (S0 0.1
mm%l% £ tRSRiARE was stirred at 0°C overnight. The mixture was directly subjected
to silica gel column chromatography (1:1 ~ 1:2 hexane/ethyl acetate) to give 12 (17 mg,
30%) and 13 (3.3 mg, 2.9%).

12: BSI-MS m/z 575 (M+H)" CssHssO0s = 574. "H NMR (400 MHz, CDCl) § (ppm)
0.32 (d, J= 4.7 Hz, 1H), 0.49 (d, J= 4.7 Hz, 1H), 0.92 (s, 3H), 0.95 (s, 3H), 1.07 (s,
3H), 1.1-2.0 (m, 17H), 1.15 (s, 9H), 1.18 (s, 3H), 1.21 (5, 3H), 1.34 (s, 6H), 2.19 (dd, J
=13.7, 9.8 Hz, 1H), 2.36 (d,J=7.8Hz, 1H),3.27 (m, 1H), 3.51 (td, /=94, 3.5 Hz,
1H), 3.71 (t, J=7.4 Hz, 110), 5.32 (id, J=7.8, 4.7 37, 113},

13: ESI-MS m/z 575 (M+H)" CssHssOs = 574. " NMR (400 MHz, CDCL) § (ppm)
0.35 (d, J=4.3 Hz, 1H), 0.51 (d, J= 4.3 Hz, 1H), 0.92 (s, 3H), 1.0-2.0 (m, 17H), 1.03
(s, 3H), 1.09 (s, 3H), 1.12 (s, 3H), 1.17 (s, 9H), 1..21 (s, 3H), 1.24 (s, 3H), 1.28 (s, 3H),
2.29 (d, J=7.8 Hz, 1H), 2.53 (m, 1H), 3.50 (m, 1H), 3.73 (t, J = 7.2 Hz, 1H), 4.50 (dd,
J=10.9, 4.3 Hz, 1H), 4.65 (m, 1H).
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20 (1983a). OH OH O O= 011 41 WO 2005/000245
PCT/ US2004/ 020277 Exanple 6. Acyl ation of 3- or 6-
hydr oxyer oup of cycl oastragenol (2) OHOH OO HO-H
H QQHO=_- O~!J HOMH\ HOH,12 13 To a

Sx%‘if,deBbsz cycl oastragenol (2) (50 g, 0. 10prc‘}?{85304/b£6277

di chl'or onet hane (5 nb)

were added triethylamn

(0.030 niL, 0.22 mol) and pival oyl

chl oride (0. 014 m.,

0.12 5 mmol ), and the nuxture was stirred at 0C

Ex@M le7iAQ Uketv-ﬁlfl@n Bféét:&{dﬁrmardi{zls%ﬂcb&lo&u’@i aolel to
I ca col unm chr omat ogr aph

12
h eﬁaﬁéswétmwasg@aeétoes aqcerdg}g\i@ ti}Q H{E@Pdr?é <1ta8%}% 19%3# cited
ab&% %rﬁﬁy, a I\%ﬁon v;'@h acetid %&bﬁﬁ%p{&%ﬁne( Mot 'ﬁn@%&@ma]or

1T N 0.32 (d, J=14
prmct)mcl;S(zmnw@rq@ct)J_ 4.7 Hz 111) 0.92 (s, 311),
0.95 (s, 311), 1.07 (s, 10 311), 1.1-2.0 (m 1711),
1.15 (s, 911), 1,4 (s, 311), 1.21 (s, @L1), 1.34 (s,
611), 2.19 (dd, X= 13.7, 9.8 Hz, 111 2.36 (d, J=
7.8 Hz, 111),/3127 (m 111), 351 J= 9.4, 3.5 Hz,
111), 3.71 79= 7.4 Wz, L' 1), 53532 (ed, J= 1.E
z' T - . 13: ESI-MS m (MHH) + C3SH5906 =
574, : MHz, - | OCY-f35 (d, J= 4.3
Hz, 51 (d, J= 4.3 Hf, 1L%), 0.92 (s, 311),
Hdo@® 20M  1711), A,cB80 ;1\5/‘1311) 1.09 (s, 3H),
1.12 (s d8dty, 1.17 (s, 9Y1), otopd, (s, 3H), 1.24 (s,
311), 1.28 (s, 311), 2. 29 (d, J= 7.8 Hz, 111), 2.53
(m 1 350(m 111), 3,73 (t, J = 7.2 Hz, 111),
4.50 ( J= 10.9, 4.3 H¥ 111), 4.65 (m 111).
Example 7B. Methylation of 3,6-diacetyl cycloastragenol (14), with retention of acetyl
groups

15

20

To a solution of 14 (30 mg, 0.052 mmol) in dimethylformamide (3 mL) were added
iodomethane (0.75 mL, 12 mmol) and sodium hiydride (60% oil dispersion, 40 mg, 1.0
mmol) at 0°C under nitrogen, and the mixture was stirred at room temperature overnight.
Water was added, and the mixture was extracted with ethyl acetate. The organic layer
was washed with water and brine and dried on anhydrous sodium sulfate. The solvent
was removed under reduced pressure and the residue was purified by silica gel column
chromatography (4:1 hexane/ethyl acetate) to afford the compound 16 (29 mg, 92%).
ESI-MS m/z 603 (M+H)" CsHss07 = 602. 'H INMR (400 MHz, CDCls) § (ppm) 0.33 (d,
J=4.7Hz, 1H), 0.56 (d, /= 4.7 Hz, 1H), 0.82 (s, 3H), 0.89 (s, 3H), 0.96 (s, 3H), 1.06
(s, 3H), 1.1-1.9 (m, 17H), 1.13 (s, 3H), 1.19 (s, 3H), 1.23 (s, 3H), 1.97 (5, 3H), 2.02 (s,
3H), 2.3-2.4 (m, 2H), 3.05 (s, 3H), 3.23 (s, 3HD), 3.81 (dd, J=9.0, 6.6 Hz, 1H), 3.95 (id,
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42 WD 2005/ 000245 PCT/ US20041020277 Exanple 7A
Acetyl ati on of secondary hydroxyls of cvcl oastrageno

(2) This reaction was carried out according to the

met hod of Kitagawa 1983 a, cited above. Briefly,
acetylation wth acetic anhydride/ pyridine gave a
wiodneveeoxas 14 (maj or product) and 15 (m nor PPTEEL004/020277
OHOH OO HOHHOCOCH3 H30000 - _ H3000OHH

OCOCH3 OCOCH3 5 14 15 Exanple 7B. Methyl ation of

3. 6-di acetyl eycl oastraeenol (ﬁ%%, with retentiqn of
J =386 Itz Hy o doer B 109, AT Bz TpAdB S 3 1) 7o
a solution of 14 (30 ng, 0.052 rmol) in
dlnethylfornan1de (3 nm) were added |odonethane (O 75
» - 16 H - . ¥ NOAIE .'.

@g;!& 0 nnnf) at OC under nltrogen and the
was stirred at roomtenperature overnight.

Wat er was addeg,oed the m xture was extracted with
et hyl acetate, e organic |layer 15 was washed with
wat er and rlae and dried on anhydrous sodi um sul fate.
The sol vent ¥- was renoved under reduced pressure and
5 was purified by silica gel colum
Pt &g yO¢s 1 hexane/ et hyl acetate) to afford
goeind 16 (29 ng, 92% . ESI-MS nlz 603 (M-HW
Ho 236807 = 602. '"H NWR (400 MHz, CDCl) S (ppm O0.33
(d/\F ; 4 7 Hz, 1H), 0.56 (d, J= 4.7 Hz, 111), 0.82
(s, 3 §9 (s, 3H), 0.96 (s, 3H), 1.06 20 (s, 3H)
1.1-1.9 (n? 171]), 1.13 (s, 3H), 1.19 (s, 3H, 1.23
( sA m3dthre o£18 28(18g, 031G mnablPahd(sddium methoxide (0.5 mol/L in

methanol, 6 mL) was stirred at room temperature for 48 h. Water was added, and the

mixture was extracted with ethyl acetate. The organic layer was washed with water and
brine and dried on anhydrous sodium sulfate. The solvent was removed under reduced
pressure, and the residue was purified by silica gel column chromatography (2:3
hexane/ethyl acetate) to afford the dimethoxy diol compound 17 (23 mg, 96%).

ESI-MS m/z 515 (v+H)  CazHsaOs = 518, T wIIR (400 hidde, “DIk) & (ppiy 0.32 (<,
J=4.7Hz, 1H), 0.47 (d, J= 4.3 H=z, 1H), 0.90 (s, 3H), 0.93 (s, 3H), 1.06 (s, 3H), 1.1-
1.9 (m, 17H), 1.13 (s, 3H), 1.20 (s, 3H), 1.22 (s, 3H), 1.23 (s, 3H), 2.3-2.4 (m, 2H), 3.06
(s, 3H), 3.23 (s, 3H), 3.27 (m, 1H), 3.51 (td, J=9.4, 3.5 Hz, 1H), 3.81 (dd, /=94, 6.6
Hz, 1H), 3.96 (td, /= 7.8, 5.5 Hz, 1H).
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3H), 2.3-2.4 (m 2H), 3.05 (s, 3H), 3.23 (s, 3111),

3.81 (dd, J= 9.0, 6.6 Hz, 1H), 3.95 (td, 43 WO

2005/ 000245 PCT/ US2001/ 020277 J=7.8,5.1 Hz, I H), 4.54

(dd, J=10.9, 4.7 Hz, 1H), 4.70 (td, J= 9.4, 4.3 Hz,

le 7C. Preparatlon of 16 25- dlnet

é%%ﬁ%hgﬁ}ggenol 17: Renoval of acetyl groups fgmu@@rn

OCH3 OOCH3 HO6H 5 17 A mxture of 16 (28 nmy,

0. 046 mmol ) and sodi um net hoxide (0.5 nol/L in
ExaRipleatmn| Alkflatidn) of\¥es digldefyt e¢tlaktricendh(1 MRl ftdikion bDicedB

h. Water was added, and the m xture was extracted
BI9#RSh et hyl acetate. The organic |ayer was washed wth

water and brine and dried on anhydrous sodi um

sul fate. The sol yent was renoved under reduced 10

pressure, and s esi due was purified by silica ge

col um chronme§ ogr aphy (23 hexane/ ethyl acetate) to

afford the di get hoxv di ol conpound 17 (23 ng, 969%.

ESI-ivl 50 & (al+WclaH5405 = 513. "I13 _.._ .~ L

001. . Spp;.. 0. 2 (e, J=4.7 Hz, 1H),
0. 47 43 Hz, M H), 0.90 (s, 3H), 0.91 (s, 3H7
HaGee°" ( 1.1- 1.9 (m 17H), 1.13 (s, 3H), 1.20 (s,

SHs 3H), 1.23 (s, 3H), 2.3-2.4 (m 2H), 3:06
15 (s, 3H), 3.23 (s, 31D, 3.27 (m 1H), 3.51 (td, J=
9.4, 31 Hz, 1H), 381(dd J= 9.4, 6.6 Hz, 111),

3.96 (td, J= 7.8, 5.5 Hz, 111% 44 WO 2005/ 000245
pCTiowsebiion 0pbR(P9 nx A9 Emmpl) infiRhipmmetnefl 0 mL) were added

dngbé)e?@ yacd o@‘gf&ﬂ?ﬁ{%% %ﬂgﬂét&% (@®. ?'irﬁﬂtdng Bhhhixture

was stirred at room temperature for 24 h. Water was added, and the mixture was
extracted with ethyl acetate. The organic layer was washed with water and brine and
dried on anhydrous sodium sulfate. The solvent was removed under reduced pressure,
and the residue was purified by silica gel column chromatography (3:1 hexane/ethyl
acetate) to give the compound 18 (114 mg, 90%).

'H NMR (400 MHz, CDCL) & (ppmm) 0.31 (4, /= 5.1 Hz, 1H), 0.56 (d, /= 4.7 Hz, 1H),
0.80 (s, 3H), 0.88 (s, 3H), 0.96 (s, 3H), 1.1-2.0 (m, 18H), 1.15 (s, 3H), 1.17 (s, 3H),
1.28 (s, 3H), 1.34 (s, 3H), 1.96 (s, 3H), 2.02 (s, 3H), 2.28 (d, /=8.2 Hz, 1H), 3.30 (5,
3H), 3.33 (s, 3H), 3.81 (t, /=72 Hz, 1H), 4.17 (m, 1H), 4.5-4.6 (m, 3H), 4.7-4.8 (m,
3H).

Example 7E. Removal of acetyl groups from 18
OO~

A mixture of 18, above (3,6-diacetyl-16, 25-di(methoxymethyl)ether derivative of
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5 To a solution of 14 (109 ng, 0.190 nunol) in

di chl or onet hane (10 nlL) were added

di i sopropyl ethylamne (1.0 nL) and chl oronet hyl et hyl
ether (0.5 nL), and the mxture was stirred at room
tenperature for 24 h. Water was added, and the m xture
wes 200emdoesct ed with ethyl acetate. The or ganiPETIUA0S4/020277
was washed with water and brine and dried on

anhydr ous sodiunrsulfate The sol vent was renoved

under reduced pressure, a the res .
cygenstrgag) rﬂp@rlge C&SOgrérmB&rla ﬁ?fg m@e@g?éﬁ W@m ethanol,
10 li‘rﬁl()a\p%/ sﬁ]‘r&y at ro@fﬁ %Eﬁ%&ltui‘@fog Uy @ t\)heﬁe%%@&'&ﬂ addBthé Mldure was

, CDCl 3) pprn) 0.31. (d,
extJja:ct@i Wlt hyl jp.pgtate 0.The oggpnicjayeq was p@she pq)lth wagerggd Pgne and

dn%ﬁ%t% a%gﬁ%ggodlﬂryfa? %{ﬁlveﬁm%s rk S,V 3\9}d@med1]c%ﬁ|)pressure

amsﬂi)e reﬁdt&@va@ )by GlicaZzel soluBiphro@a@graphly (uhh@age/mr
ac e) ord4tixs 91(1%‘1%{:1% rpﬁtgylie%geg Ebrgp('é\')dd 1%_(‘?& m(ot ﬁTS (m
ESEINKS BYasm @125 CREMBUAE 508, ST BIWR (4000UHS, ctmcra) d&pm) 0.32 (d,

T 0e, 10, QA8 T 3 o, TR0 (raPoly i F i, 168D,
118806 3Rt 1 e ( soﬁl-l? 4521/\83 %95/@@234{5) E@II(MSEQOMQQDZ% 6 Hz,
cycl oastrage 150 mol)

B RS D CE i A er oA (el T, a3,
4. 1%tg(d 0QMm § YAL Aty @ sfogﬁ £8 ot aYAtp! 4 9884, 3d0ed 1zang), uhe (d,

ture was extracted wth ethyl acetate The organic
J = B &z, W Avadiel= viid HzwdDer and brine and dried on
anhydrous sodi um sul fate. The sol vent was renoved
under reduced pressure 5 and the residue was purlfled
’ q d b o

acetate)‘to afford t he dr(nethoxynethyl)ether conpound
SRS (80 ny, 92% . ESI-MS mz 579 (MrH)' C34H5907 = 578.
"H NWVR (400 MHz, CDCb) S (ppm) 0.32 (d, J= 4.7 Hz,

1H), 0.48 (d\®H 4.3 Hz, 1H), 0.89 (s, 3H), 0.93 (s,
3H), 1.1-3.\&(\m 18H), 1.15 (s, 3H), 1.17 (s, 3H),
1.22 (s, 3Hp

Hp, 1.29 (s, 31-1), 1.34 (s, 3H), 2.29 (d,

J= 8.6(31)(': .
Ji\'>\rl-r)\/ OH

pee

H &n
20

To a solution of 15 (30 mg, 0.049 mmol) in dimethylformamide (3 mL) were added
added iodomethane (0.75 mL, 12 mmol) and sodium hydride (60% oil dispersion, 40 mg,
1.0 mmol) at 0°C under nitro gen, and the mixture was stirred at room temperature
overnight. Water was added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with water and brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure.

To the residue was added sodium methoxide in methano! (0.5 mol/L,, 6 mL), and
the mixture was stirred at room temperature overnight. 10% Hydrochloric acid was

added, and the mixture was extracted with ethyl acetate. The organic layer was washed
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10 1H), 3.28 (m 111), 3.30 (s, 3H), 3.33 (s, 3H),
3.53 (m IH), 3.81 (t, J= 7.2 Hz, 1H), 4.18 (td, J=
7.8, 5.5 Hz, 1H), 4.50 (d, J= 6.6 Hz, IH), 4.54 (d, J=
6.2 Hz, 1H), 4.71 (d, J= 7.0 Hz, 1H), 4.76 (d, J= 7.4

sodample 8. Al kyl ation of triacetvl
cvcl oastragenol 15, followed by renoval of acet
group oCH3 OH HO HOH 20 To a solution of 15 (30 ny,
0.049 mmol) in dinethylformam de (3 nL) were added
wakl gﬁﬂa hlﬁtﬁ( ininetana lldﬁe({ On ébhytikous kadlﬂiim{ll}'at@ nﬂle%@ﬁéﬁtm}/as removed
ri.de (60% oi spersi o 20 1.0 mmo at
'%‘é‘ TrAer PReSE e hel Frerd @vaﬁma@ﬁﬁggb%mga%eé polpragy C%meF'-ESlﬂWPhY
(1tzeﬁe&@ﬁeaémmaceta&}%fomﬂqt}azo‘(@3 ? ¥85) added, and the
m xture was extfacted with ethyl ‘acetate. The organic

ESIMSrm/g485 Mé'ﬁédcwﬁtst@maf% m@ﬂ%h@ﬁdc@ﬂl 28 (ppn) 0.33 (4,
4 _Spbf f ST
T AR, 288, AT O, (39 PRLMA, JAI RN (s 3m,

I‘ essure
L @4)@1. &H) retHendithe 120 (spitfansl (5,615, hid L3H)62.88)d, Jands8 Hz,

X e re,
g2 o0t BT ohh b PP 2 b B e 1 1
3.78 ¢dduy e o S. 5Btz r1ab); ddb2wind, hHRt hyl acet at e. The or gani c
| ayer was washed 46 WD 2005/ 000245 PCT/ US2004/ 020277
with water and brine and dried on anhydrous sodium
Exgtiipfeise . AlkblatiS0bMedY hidRExyISITRYE6astHRHI méRdlE&e 6
pressure, and the residue was pur|f| ed by silica gel
col utm chr omat ography (1: 2 hexane/ ethyl acetate) to
agord 20 (23 F93% ESI-M5 mz 505 (MtH+ C31H5205 =
A MHz, CDC13) S (ppm) 0.33 (d, 5 J=4.3
(d J= 4.3 Hz, 111), 0.8-2.1 (m 1711),
0.91 ° 93 (s, 3H), 1.04 (s, 311), 1.14 (s,
. §Tﬁ) 1.22 (s, 311), 1.23 (s, 311), 2.28
; , 1H), 2.60 (q, J= 10.9 Hz, 111), 3.17
3 27 (m IH), 3.51 (td, J= 9.8, 3.5 Hz, 1H),
3.72 (8d¢°3="9ch, 5.5 Hz, 111), 4.62 (m 111). 10
Examl vl ation of free hydroxyls of
cycrgsggtrég%ﬁ% nonogl ycoside 6 OCH3 O
21
To a solution of 6 (50 mg, 0.077 mmol) in dimethylformamide (4 mL) were added
iodomethane (1.0 mL, 16 mmol) and sodium hydride (60% oil dispersion, 60 mg, 1.5

mmol) at 0°C under nitrogen, and the mixture was stirred at room temperature overnight.

T/?S2004{£20277

Water was added, and the mixture was extracted with ethyl acetate. The organic layer
was washed with water and brine and dried on anhydrous sodium sulfate. The solvent
was removed under reduced pressure, and the residue was purified by silica gel column
chromatography (3:1 hexane/ethyl acetate) to afford permethoxy compound 21 (33 mg,
57%).
ESI-MS m/z 751 (M+H)" CisH74010 = 750. "H NMR (400 MHz, CDCl) § (ppm) O.21
(d, J= 4.7 Hz, 1H), 0.47 (d, J = 4.3 Hz, 1H), 0.8-2.0 (m, 17H), 0.87 (s, 3E), 0.89 (s,
3H), 1.05 (s, 3H), 1.13 (s, 3H), 1.17 (s, 3H), 1.22 (s, 3H), 2.3-2.4 (m, 2H), 2.67 (dd, J =
11.0, 4.1 Hz, 1H), 2.92 (t, J= 8.2 Hz, 1H), 3.06 (s, 3H), 3.1-3.6 (m, 6H), 3.22 (s, 3H),
3.32 (s, 3H), 3.35 (s, 3H), 3.48 (s, 3H), 3.49 (s, 3H), 3.59 (s, 3H), 3.80 (dd, J=9.0, 6.6
Hz, 1H), 3.94 (m, 1H), 4.24 (d, J= 7.4 Hz, 1H).
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H OCH3 H3CO AA O, OCH3 H3COOCH3 OCH3 . 21 To a
solution of 6 (50 ng, 0.077 mmol) in dinethylformam de
(4 m.) were added iodonmethane (1.0 ni, 16 mmol) and
sodi um hydri de (60% oil dispersion, 60 ng, 1.5 nmol)

at 0C under nitrogen, and the m xture was stirred at
woomdsaemer at ure overni ght. 15 Water was addedrusaoe020277
the m xture was extracted with ethyl acetate. The
organi c layer was washed with water and brine and

dried on anhydrous sodlun1sulfate The solvent was
Exananle 9B dPieparation @3, Irigaethoxpastrage 5. REHIOR ~,.‘,.-
fI'OIBL{) l'rIléﬂ?Oq[V QXmg&Jn'dCfl g’\%l.h C%QL(H’ itant 1€ 19[1 Y aphy (3 1
thyt - acetate) to ord per oxy conpound 21
(33 nrg, 57% . 28 Sz M5 n12 751 (MtH)t C43H74010 =
750. 1H NWMR (AQ@” M1z, CDCl;) 8 (ppm) 0.21 (d, J= 4.7
Hz, 1H), J=4.3 FE, [11), 0.8-2.0 (m 17H),
0.87 (s, -, 0- 89 (s, 311), 1.05 (s, 311), 1.13 (s,

13}

311), 311), 1.22 (s, 3H), 2.3-2.4 (m 211),
2.67( Ol 4.1 Hz, 111), 2.92 (t, J= 8.2 Hz,
11 5°(s, 311), 3.1-3.6 (m 611), 3.22 (s, 3H),
H(% 11), 3.35 (s, 311), 3.48 (s, 311), 3 49 (s,
3 1)

HBOS(Q 311), 3.80 (dd, J= 9.0, 6.6 25 Hz,
111), 4 (né%lll), 4.24 (d, J= 7.4 Hz, 111). 47 WO
2005/ 000245 PCT/ US2004/ 020277 Exanple 9B. Preparation
of T@a dolfticibof21 (3@ iz R Y048 simal mmodthddd] (1Rem)\weds adfled sulfuric

] 0 fram er met 21, W .
aci (VS BT BB S M AR RE gD B Wgefr s 46k, and theyamisure
wasT ékt@ct%@ With eyl btatd The Oreafic 149e10»4£k washéd with wart hanistine and
was added sulfuric 5 acid t he

an
dneﬁ# 9& @P@r%ﬁwl@w wiliats- 14 selyen vapAem V%@gf%)da@weg phgsure.
and'tRE rd¥idd WhEpurified by silica gel column chromatography (4:1 hexane/ethyl

acetate) to afford 22 (3.6 mg, 17%).

ESI-MS m/z 533 (M+H)" Cs3Hs60s = 532. "H NMR (400 MHz, CDCls) § (ppm) 0.73 (s,
3H), 0.8-2.0 (m, 18H), 0.85 (s, 3H), 1.00 (s, 3H), 1.03 (s, 3H), 1.06 (s, 3H), 1.14 (s,

3H), 1.24 (s, 3H), 1.25 (s, 3H), 2.3-2.4 (in, 2H), 2.58 (dd, J = 10.9, 3.9 Hz, 11}, 3.09 (s,
3H), 3.24 (s, 3H), 3.34 (s, 3H), 3.80 (dd, J= 9.4, 6.6 Hz, 1H), 3.98 (m, 1H), 5.25 (brd, J
= 5.5 Hz, 1H).

Example 10A. Alkylation of free hydroxyls of cycloastragenol monoglycoside 7

Compound 23 (18 mg, 53%) was obtained from 7 (30 mg) according to the

20 procedure used for preparation of compound 21, above.
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was extracted with ethyl acetate. The organic |ayer

was washed with water and brine and dried on

anhydrous sodi um sul fate. The sol vent was renoved

under reduced pressure, and the residue was purified
gel colum chromatography (4:1 hex

"6}8@10 afford 22 (3.6 ng, 17%. 10 ESI -%%%}r‘%%zz’w‘m”’
533 (MtH) " C, sH5606 = 532. 1H WAR (400 MHz, CDC13) S
(ppm 0.73 (s, 3H), 0.8-2.0 (m 181-1), 0.85 (s, 3H),

ESI—I\@@m(zSZWQl'VDmL B0 =334) Hm\@@(z;()@m&lﬂ)cbdbz)ﬁ(;{;ﬁn) ®B20 (d,
Tz, G 60, - 4 5, 15, 05 rma T, 0 94fR 375 D533 s 3,

0?? 315; ﬁf'l& ?H)rn &; ﬁ‘i’) (1% G ~]3H)91 éb s63ﬁ23HZ3»—2 ﬁﬁ& 9-
3. 6th$fﬂé\t3| Qﬂ'(s @H} B (h)adf)o&)lllés éH),c3y‘b2| X éé&ﬁ%l?’H) 3.59 (s,

W@f%@ﬁ%&ﬁ %%ﬁﬁig@%ﬁ?’m&é‘lg‘bt ai ne rom l;

(30 ng) according to the 20 procedure used for

fro%ﬂfbrmethbﬁw&nbéﬁﬁ)d BAiavit itfht eﬁheﬁo (d, J= 4. 3

Hz, 1H), 0.44 (d, J= 4.3 Hz, 1H), 0.8-1.9 (m 17H),
0.90 (s, 3H),\©@c83 (s, 3H), 1.05 (s, 3H), 1.11 (s,
3H), 1.13 fs~SH), 1.18 (s, 3H), 1.23 (s, 3H), 2.3-2.4

(in, 2H), 2.®- 3.6 (m 6H), 3.09 (s, 3H), 3.20 (s,
3H), 3, 3H), 3.42 (s, 3H), 3.58 (s, 3H), 3.59
(s, AP, (dd, J= 9.0, 6.6 Hz, 1H), 3.9-4.0 (m

J= 7.4 Hz, 1Ei). Exanple | OB Preparation
E1 25-tri met hoxy astragenol 24: Renoval of
gide from per net hoxv conpound 23, with

concomtiant r e,;aé{ rangenment OCH3 0 H OCH3 HO

Compound 24 (7.1 mg, 56%) was obtained from 23 (17 mg) according to the
procedure used for preparation of compound 22, above. '
TSI-MS m/z 533 (M+H)" CssHssOs = 532. T NMR (400 MHz, CDCh) § (ppm) 0.74 (s,
3H), 0.8-2.4 (m, 18H), 0.85 (s, 3H), 0.92 (s, 3H), 1.03 (s, 3H), 1.06 (s, 3H), 1.14 (s,
3H), 1.23 (s, 3H), 1.24 (s, 3H), 3.10 (s, 3H), 3.18 (m, 1H), 3.23 (s, 3H), 3.34 (s, 3H),
3.53 (m, 1H), 3.80 (dd, J= 9.4, 6.6 Hz, 1H), 3.97 (m, 1H), 5.24 (d, J= 5.5 Hz, 1H).

Example 11. Preparation of 3.6-dimethoxy cycloastragenol 25: Methylation of 16,25-

di(methoxymethylether compound 19, with removal of di(methoxymethyDether eroups

OCH,

25
To a solution of 19 (30 mg, 0.052 mmol) in dimethylformamide (3 mL) were added
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H OCH3 24 10 Conpound 24 (7.1 ng, 56% was obtai ned
from23 (17 ng) according to the procedure used for
preparation of conmpound 22, above. EST-IvlIS niz 533
(MrH) " 033113605 = 532. "H NWR (400 MHz, CDCI3) S

(ppm 0.74 (s, 3H), 0.8-2.4 (m 18H), 0.85 (s, 3H)
wedoywpe243H), 1.03 (s, 3H), 1.06 (s, 3H), 1. PCT(U82004/020277
311), 1.23 (s, 3H), 1.24 (s, 3H), 3.10 (s, 311), 3.18
(m 1H), 3.23 (s 311) 3.3 4 (s, 311), 15 3 53 (m

lodgrtlbzwaqecﬁo zém& g2 pﬁnolh 3, sodmwﬁwe@é 01@@5@9%& .48 ﬁ“c@fl 0
mngﬂ)ﬁa @ hﬁwﬁa&énomttﬁémaﬂe Wl SM%M r&dh %;ﬁfratﬁﬁy &»’érmght

oxvnet vi)ether conpound 19, with renoval
w@ne( watt dddednandipe )T@tthre wagesigpesed With ehyl gegtple. e oaxaqlc layer

wasg e BiiE ekt a5t dhy ifecln syl Biunl s, TR byl
umEﬁﬁkhE&@ﬂdﬁﬁﬂmﬂﬁapnsmwmnethane (0.75 m, 12 mol) and
o0 TR Rsithieirers et PeianegBRERs 3P 9 4 o
mL)), %H‘tﬁe&fm&ﬁﬁt%%ﬁb}@ﬁtrl'bgﬂﬂttempéfﬁtlfﬂoveﬁﬁgha,dm&eﬂamﬂ fbhe h.
nlxture a%gxtracted Wi th gﬁﬂ ace at e.
Wategyas ad Seanitir Wa%/\%ﬁi@Pm fth ?ecetaaﬁed ‘?8’& ‘BH lager
waPRhAE Q4eh Wt M bride had @rxedT&ﬁaxﬁpdru@modﬁnm&aﬁee Nrhéadlvent
under reduced pressure. To this residue_were added

wag eemoxe andrupdtsed Brepuye. andithegotdug aras ertifindiby saliqaggef olumn
cmﬂ?nlmﬁ&gﬁ?t@q IUHAE N PacRldhd) 6 Hixéit 25Q3Th SIS BN Gnaller

e

was ad
ameund (7.4 mgn 25%)rcz£ thvals6—dxnetme1& wetltoxemttwl)edt,ee tcmr@ouqdw%ﬁ

25 b RS 2L Qe BRE R St o BB @08 BCRES (op

0.19 ¢doieed 7UH e elH); ed6 ¢ed 431 Sllif)e0. 818 (b NS H) g3 8 d (g 38B.S0.92 (s,

s b 5Lt 350, Do OB AR B A L o2
stnm)l beo (damoantl 1( 1. 54HzITQH) 2680 (mef1IE)®19 (5, 3H), 3.326 (s, 3H),

3350 0, SR 00X 718 { TR AQUTBL YISt CPIBMAS AR 450 (g, s
= 6.2 Hz, 1H).

26: ESI-MS m/z 519 (M+H)" C3:Hs40s = 518. 'H NMR (400 MHz, CDCls) § (ppm)
021 (d, J=4.3 Hz, 1H), 0.45 (d, J=4.3 Hz, 1H), 0.8-2.0 (m, 17H), 0.86 (s, 3H), 0.93
(s, 3ED), 1.06 (s, 3H), 1.12 (s, 3H), 1.20 (s, 3H), 1.21 (s, 3H), 1.28 (s, 3H), 2.30 (d, /=
7.8 Hz, 1H), 2.54 (q, J= 10.2 Hz, 1H), 2.69 (dd, J=11.3, 4.3 Hz, 1H), 2.89 (td, J=8.2,

4.3 Hz, 1H), 3.19 (s, 3H), 3.32 (s, 3H), 3.72 (t, J= 7.2 Hz, 1H), 4.66 (m, 1H).
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25: ESI-M5 mlz 563 (MtH)' C34H5806 = 562. 1H NWMR (400
MHz, CDC13) 6 (ppn) 0.19 (d, J= 4.7 Hz, IM 0.45 (J=
4.3 Hz, 1H), 0.8-2.3 (m 1811), 0.86 (s, 3H), 0.92 (s,
15 311), 1.05 (s, 3E-1), 1.07 (s, 311), 1.20 (s, 311),
1.24 (s, 3H), 1.28 (s, 311), 2.41 (d, J= 8.2 Hz, 11),
IT ISCIATGS. J= 111, 4.5 Hz, 111), 2.90 (m 111), 3.19
(s, 3H), 3.326 (s, 311), 3.330 (s, 311), 3.71 (t J—
7.4 Hz, 111), 4.37 (m 111), 4.53 (d, J= 6.2 Hz,
1. AAmEﬂlo(l of mJ:rea§1n§ télotrérasd dctvity 20 a cElBbr dsudtrzvibd gccﬁ‘rgﬂﬁ'd)ng:
CzH5405 = 518, 1H NWR (400 MHz, CDC13) S (ppm.
1@n§ﬁyl g2 cejl—or4tlsguq.@ wlllgll ingregse {nctelomgraﬁe gcqp@ty ip dpsired, and

<?nt§ct§-¥%afdr@flljlo; 1’1%QU€ 172 I’?’)ﬁ &i}h gér(ﬂulat%ﬁcjgfan s%e gm%pﬂxaes

formula B8 (s, 311), 2.30 (d, J= 7.8 Hz, 2.54 (q, J=
10. 2 Hz, 111), 2 69 (dd, J= 113, 4. 3 FE, 111), 2.89
(td,"J= 8.2, 3 ' 3% 19 (s, 311), 3.32 (s,
' 311), 3.72 (t, J= 7 2 :«c&il 4.66 Cm 111). 50 IT
1S CLAIMED: 1.:A ne_hooﬁ‘w |ncrea3|ng t el omer ase
“activity in a celly “]|ssue in vitro, conprising:
1|dent|fy|ng a: cell; [ [

§'desired and contacting said

owth. a fornulation of an

wimula l: RL 3 R HX3 a Xl

Ach of X', X2, and X3 is

wmly erected fron1hydroxy, | ower al koxy,

Y ,-and a glycoside; OR is selected

) v :_“lomer aIkoXy, 1.ower acyl oxy, and a

vrglycosﬁd-, y@hereln any of the hydroxyl groups on said
gl ycosi de nay ‘be sub tytuted with a further
~glycoside,:-| ower alkyl, or |ower acyl, such that the

conpound i ncl udes a maxi num of three glycosides; and
whereR2 i s methyl and represents a doubl e bond between

PR OF B o8 B RoBten iy Se i Lo hufipud iwe aoxs: lower
acyloky &t aB@8¢1ycoside;

OR! is selected from hydroxy, lower alkoxy, lower acyloxy, and a glycoside;

;cell or tys§f
i soI at ed For

wherein any of the hydroxyl groups on said glycoside may be substituted with a
further glycoside, lower alkyl, or lower acyl, such that the compound includes a maximum
of three glycosides; and

R? is methyl and ===~ represents a double bond between carbons 9 and 11; or, R
forms, together with carbon 9, a fused cyclopropyl ring, and ==== represents a single bond

between carbons 9 and 11.

2. The method of claim 1, wherein said compound includes zero or two glycosides, none of

which is substituted with a further glycoside.

3. The method of claim 1, wherein R? forms, together with carbon 9, a fused cyclopropyl

ring; and —— represents a single bond between carbons 9 and 11.

4. The method of claim 1, wherein X' is OH or a glycoside, each of X? and OR! is
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bet ween carbons 9 and 11. 2. The nethod of claim1,
wherein said conpound includes zero or two gl ycosi des,
none of which is substituted with a further

gl ycoside. 3. The nethod of claim1l, wherein R2 forns,
together wth carbon 9, a fused cyclopropyl ring; and

. —= ' b en carbons 9 and 11.
indep iR CRE B B B B T ot or &
gl ycosi de, each of X2 and OR is 51 0O
5. Thedeuearemidin OiRfeiR th baPDuACIs BREtedIrons adidgMosiE TV,
5. The nethod of claim 11, wherein the corrpoung IS
cycloasthgeobdistragsnola gstraggiabids il d 6tore, cyslaastvagsnoldyBadiglucopyranoside,

astrageno tragal osi.de IV 16-one, cycl oastrageno
andC%§ﬁ¥%%§P8L%ﬂ;ﬁgﬁg§WH@?ﬂg%nd cycl oast r ageno
3-(3-D xyl opyranosi de. 6. The nethod of claimb5,
. TYRHARINBETII U8 SRUSEAER JLom it damkanldery,
cyclodstragei®l, adtragbhel, amd odgabside BV i6-onewher ei n sai d
conpound is astragal oside IV. 8. A nethod of
increasing telomerase activity in a cell or tissue in
7. The meghoded efnind, mdperein spicheompouny isageaigaloside {Vssue in
whi ch an increase in telonerase activity is desired,
and optacti.n aid cell, or . tisspue in vitro with a,
8. Afigria 8l INSTagRg SIONEEISAUITY i GeIheF 51T B ikip sbomprsing:
iRyt el tRsud¥asiifich Sfrafe KAeBRRSE abtivity is desired, and
I ndependently sel ected from hydroxy, |ower al'koxy,
contadtimgesridaell loo kiysue ik eltr@, witind fangllatoosif de jsodated @RBpdumd of formula
_ selected from hydroxy, |ower al koxy, |ower acyl oxy,
I and a gl ycosi de, wherein any of the hydroxyl groups on
'said glycoside nmay be:substijuted with a further
gl ycosi de, lower al kyl, \ofdROwer ‘acyl, such that the
conmpound includes a maxpAum of three glycosides. 9.

YIIﬁ
where:
each of X* and X° is independently selected from hydroxy, lower alkoxy, lower acyloxy,
keto, and a glycoside, and
OR? is selected from hydroxy, lower alkoxy, lower acyloxy, and a glycoside,
wherein any of the hydroxyl groups on said glycoside may be substituted with a further
glycoside, lower alkyl, or lower acyl, such that the compound includes a maximum of three

glycosides.

9. The method of claim 8, wherein each of X* and OR? is selected from hydroxy, lower

alkoxy, lower acyloxy, and a glycoside, and X® is selected from hydroxy, lower alkoxy, lower
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al koxy, |ower acyloxy, and a glycoside, and X5 is
sel ected from hydroxy, |ower al koxy, lower 52 0 0
acyl oxy, and keto (=0 . 10. The nethod of claim 8,
wherein X4 is OH or a glycoside, and each of X5 and
OR3 is OH 11. The nmethod of claim 10, wherein X4 is
. nefyhod of increasing telonerase activity in a
acylog;,l c%(ft%t@s)ije in vitro, conprising: identifying a
cell or tissue in which an increase in tel onerase
10. Beihathdd of daides, widteind(Us OFDBE Aglytskes @hdledehloff XStand OR is OH.
tissue in vitro wth a fornmulation of an isol ated
compound of fornula I1l: X ,0R4 11 *7 m where: each
11. Bfe ix&hodaf claind 1 8vhiesein XiépORtlent | y sel ected from
hydroxy, |ower al koxy, |ower acyloxy, keto, and a
gl ycoside, and OR4 is selected from hydroxy, |ower
12. Aypiediog ofjivpreasingdolonieyase apfdvity iglacel or Hesue imidioe Pemptising:
. J . .. pe .
Bty BN, M P WA AL B KRR SBYief i pird, puc
chatetingdayd celsoratdsid@tvid-b vithenmpauildtionet dnieslard oMbt of
of three glycosides. 13. The nmethod of claim 12,
formylmBei n each of X6, X7, and X8 and OR4 is
i ndependently selected from hydroxy and a gl ycosi de.
14. The method of claim 13, wherein each of OR4, X6
and X8:is OH and X7 is_ag7gkycosi de. 15. The nethod
of .cl ai m 14, wherein/Ahe conpound . is ginsenoside RH .
53 0 0 16. A phapfaceyLiof4 conposition conprising, in
a pharmaceutical lfy acgeptable vehicle, a conpound of
formula |: ORL ~OR2~N X3 s = XL =

where:

each of X®, X7, and X% is independently selected from hydroxy, lower alkoxy, lower
acyloxy, keto, and a glycoside, and

OR*is selected from hydroxy, lower alkoxy, lower écyloxy, and a glycoside,
wherein any of the hydroxyl groups on said glycoside may be substituted with a further
glycoside, lower alkyl, or lower acyl, such that the compound includes a maximum of three

glycosides.

13. The method of claim 12, wherein each of X°, X7, and X® and OR* is independently

selected from hydroxy and a glycoside.

14. The method of claim 13, wherein each of OR*, X% and X% is OH,and X' isa glycoside.

15. The method of claim 14, wherein the compound is ginsenoside RHI1.
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H Xz where: each of X1 and X2 is independently
sel ected from hydroxy, |ower al koxy, |ower acyl oxy,
keto, and a glycoside; X3 is keto; OR is selected
from hydroxy, |ower al koxy, |ower acyloxy, and a
gl ycosi de; wherein any of the hydroxyl groups on said
L6, P T or oo RS oo, W P MBIy scppnp geicle,
compoang ofifodmuiad: udes a nHX|nun1of three glycosides; and
R2 is methyl and_ represents a double bond bet ween
carbons 9 and 11; or, R2 forns, togethﬁ’ W th carbon
9, a fused cyclopropyl ring, and_ represents a single
bond between carbons 9 and 11. 17. he conposition of
claim 16, wherein R2 forns, W th carbon 9, a
fused cyclopropyl ring; and urrsents a single bond
bet ween carbons 9 and 11. H§ @ ChH
16, wherein X1 is OHor &g
and ORL is independent|
conposi tion of cl ai mX6; :in t he conpound is
astragal oside IV 16-one. xﬁ phar maceuti ca
conmposition conprising, in a pharimaceutical |l y
acceptable vehicle, a conpound of fornmula I: 54 00
wherRl O R2; H X3 9 XL = H X2 where: one of X1 and X2
E Y,
ohh RSB RER A etcch Bt b B S 1o B ko RE K Byt

keto, %% @apcéie;i s | ndependent |y selected from hydr oxy,

| ower al koxy, | ower acyloxy, and a gl ycoside;
X3 is keto;

~; and each of X2
gl ycosi de. 19. The

OR! is selected from hydroxy, lower alkoxy, lower acyloxy, and a glycoside;

wherein any of the hydroxyl groups on said glycoside may be substituted with a further
glycoside, lower alkyl, or lower acyl, such that the compound includes a maximum of three
glycosides; and

R? is methyl and ---- represents a double bond between carbons 9 and 11; or, R? forms,
together with carbon 9, a fused cyclopropyl ring, and ---- represents a single bond between

carbons 9 and 11.

17. The composition of claim 16, wherein R? forms, together with carbon 9, a fused

cyclopropyl ring; and ---- represents a single bond between carbons 9 and 11.

18. The composition of claim 16, wherein X! is OH or a glycoside, and each of X? and OR!
is independently OH or a glycoside.

19. The composition of claim 16, wherein the compound is astragaloside IV 16-one.

20. A pharmaceutical composition comprising, in a pharmaceutically acceptable vehicle, a

compound of formula I:
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wherei n any of the hydroxyl groups on said glycoside
may be substituted with a further glycoside, |ower
al kyl, or lower acyl, such that the conpound includes
a maxi mum of three glycosides; and R2 is nethyl and_
represents a doubl e bond between carbons 9 and 11; or,
R2 forns, together with carbon 9, a fusged cycl opropyl
ring, and_ represents a single bond be
and 11. 21. The conposition of clayms20,> wherein said
conmpound i ncl udes one gl ycosi de, i¢his not
substituted with a further glyco ide. 22. The
conposi tion of claim 20, mhgfa R fognms, together
with carbon 9, a fused cycfon F'ng; and_
represents a single bon n:carbons 9 and 11. 23.
The conposition of clgi/m20;~ wherein said conmpound is

sel ected from cycl oastrageq®l:,6- 3-D-gl ucopyranosi de

(desi gnated herein as 6) and’%ycloastrageno

3- 0- D- xyl opyr anosi de (designated herein as 7). 24. A
wherd?har maceut i cal conposition conprising, in a

pharmaceutically acceptable vehicle, a conpound of

oheofiHl and X? is56letRd Blm Ky drbxb lowet allloxyylosiceacyt@ashand ke¥d, and

nd X5.is .independently selected from hydroxy, | ower

ﬂw‘“&ﬁk%%ﬁbmpﬁQ%ﬁmgcyloxy, keto, and a gl ycoside, and OR3

j f I I

oA PARSE] SIMQURIY el At ot ke, L NP LIBEY J6Y
acyloggiaod glglycoddele may be substituted with a further

I i d I I kyl, | acyl, h that the
B3, Pk A Db 5, e
e RN L S O AR B o

glycosadast aad/, and a gl ycoside, and X5 is selected from

dr ox | oner al koxy,  |ower acyloxy, and keto (=
RE] )1/5 meth)}/ff and ---- represents% double bond be ween)(/:arbons 9 and 11;(or, &2 forms,

together with carbon 9, a fused cyclopropyl ring, and ---- represents a single bond between

carbons 9 and 11.

21. The composition of claim 20, wherein said compound includes one glycoside, which is

not substituted with a further glycoside.

22. The composition of claim 20, wherein R? forms, together with carbon 9, a fused

cyclopropyl ring; and ---- represents a single bond between carbons 9 and 11.

23. The composition of claim 20, wherein said compound is selected from cycloastragenol 6-
B-D-glucopyranoside (designated herein as 6) and cycloastragenol 3-B-D-xylopyranoside

(designated herein as 7).

24. A pharmaceutical composition comprising, in a pharmaceutically acceptable vehicle, a

compound of formula II:
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26. The conposition of claim25, wherein X4 is OH or a
gl ycosi de, and each of X5 and OR3 is OH 27. A

phar maceuti cal conposition conprising a topica

formul ation of a an isolated conpound of formula 1,
as defined in claim1, of fornula Il, as defined in
claim8, or of formula IIl, as defln-d LB claim 12.
28. The conposition of cIa|n127 mhere'ﬁ sai d conmpound
is present in said formul ati on at a—~fConcentrati on of
at least 0.1 % (wv). 29. Use of icsol at ed conpound
of formula I, as defined in clai w,of formula Il, as
defined in claim8, or of for sas defined in
claim12, for the manufactul § 00 nmedi canent

for treating a disease @ ct[to treatnent by
/ty’'in a cell or tissue,

i ncreasing tel onerase,4
wherein said disease s

degenerative disease. 30. The usqyof claim29, wherein
said disease is HV infection. 31. The use of claim

29, wherein said disease is a degenerative di sease
selected fromthe group consisting of a

Theur odegenerative di sease, a degenerative di sease of
ehdHof3ONRE 30is h{?l'eﬁérﬁienﬂmé@t&f fr9rﬁ %s tl'o‘i%}'%r alkoxy, lower acyloxy,
at her oscl erosi s, anem a. a conpound of

keto, mu?argllyaoside aasddefl ned in clai m 1, of forrrul all, as

egfln i cIi 8, formula 111, a dfin,din

s sl rin Beodiuntestions \Gerderloshcli iimtdnent

whefein Mf&ttﬁ@jgdreiylagr&rb%%'s&d [y @sidb %é‘y%%két Rike@twithErurther

epi derm s . Useof ‘claim m%ereln the medr canent
glycoside, datmérrallgil e dowersacyl, sughi thatl thé compouwadi includes a epxictemnef three

|I's. 34. The use of claim 33, wherein said acute or

glyco%‘ﬁ‘isom c condition is selected fromthe group

consi sting of a wound, a bum an abrasion, an

incision, a graft site, a |l esion caused by an

25. Thetempésition efgdait, 24 vdieramearhwoddduad AR és selecta fadneﬂwdroxy,
ression ul ce essure sore

tower B3k VoA ACHYCCs: 1l B S Fedaiaum vy, Jower alkoxy,
kwwmggﬁggpagjkaggggylng replicative capacity of cells in

wher

tro or ex Vvivo, conprising contacting said cells
with a conpound of fornmula |, as defined in claiml,
or of faor

f fornula | i ne | ai m 8 | &
26. TR pompa iy gt I35, SPRIGH Ko1s OF Gt ENFSIHE Beach ok 5. and OR’
isofl ncrease tel omerase act|V|ty in said cells, wherein

said cells are explant cells obtained froma patient,

stemcells, or HV-restricted CD8+ cells.
27. A pharmaceutical composition comprising a topical formulation of a an isolated
compound of formula I, as defined in claim 1, of formula I1, as defined in claim 8, or of

formula III, as defined in claim 12.

28. The composition of claim 27, wherein said compound is present in said formulation at a

concentration of at least 0.1% (w/v).

29. Use of an isolated compound of formula I, as defined in claim 1, of formula I, as

defined in claim 8, or of formula III, as defined in claim 12, for the manufacture of a
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36. The nethod of claim 35, wherein said conpound is
sel ected from astragal oside 1V, cycloastragenol,
astragenol, astragal oside IV 16-one, cycl oastragenol
6- p- D- gl ucopyr anosi de, cycl oastrageno
3- (3- D xyl opyranosi de, and
e d g S R L A EY T L prase ety ima
cell o #issu€hehereintsaid difeast @i HiiV3mfectibhe bea degeaketticeissasar e
explant cells obtained froma patient. 38. The nethod
of claim35, wherein said cells are stemcells. 39.
L i e bd.cells are
30‘féﬁngggggﬁ%?%&Q%§%§k§@f¥%9&%g?ﬁXﬁﬁE?%ﬁg of selecting a
conpound effective to increase telonmerase activity in

a cell pongrising testing a derivative of a conpound

31. The usephelpizn P9, vahereja spidckipepss is p lpganeratiye dissaseuselectqd frem the
ki i ' , of: . I La LLL. fi in. ..

erourRR Rl Y SRl r e Qv DBl AR or by gr oo,
maculaf dkgshaiationcyieessclrodis, hhdbhasiks, as neasured in a TRAP

assay, and selecting the derivative if it is

effective to produce a |evel of telonerase activity in

rati L brob . a.concentration of .1 .

52, EEFARGHLEFyShmby . ARRRAE ARl RPN el caim
8, or ¢tErafiile AI1, hy\deFiled i€ Elaing 10 AIRInMuFRE8 bfla 85id4e MedicBfent for

measured in said TRAP assay. 41. The nethod of claim
treatmegt ofghehrania o8 agwle enditien ehibe prideraliscted if it is

effective to produce a level of telonerase activity

in keratinocytes or fibroblasts, as neasured in a TRAP
33. UR688Yaind B2, avhe6indRdinedich@bntQ$ admghdrbd hdla Bopial BRMllatidh to

. least 100% greater than that neasured in said cells

epidegpabgeldsd with said solvent, as measured in said TRAP

assay. 42. A nethod of selecting an agent for

treatment of acute or chronic conditions of the
34. TBPuskesoldim 330 Wbkieth Bdd hasé bNehrenid 86hdiBbn ¥BeREted from the group

.compound of formula |, as defined in claiml1, of
consistigg ofip avound, adayirn,chafdbrastpn, An gicigion. 8 graft sitst a flestandansedd by, an

. efined in claimil2. for upd heal i ng activit i n

infectffs Sk Al By PP b sl HEEr SRBmeRRofi et ot sore

a muc8&il 86rkionglckf @nd RélokPlokvaridd. i1t has a wound healing
activity, at a concentration of 1 g/nm, at |east 50%

greater than that of a solvent control. 43. The
0 f.claim4 wherein said. derivative . s . .
35, ATRBRY affyrino epfioa R R R PG U Py gomprising
contadtiBa 841t REI1 With aeipbiit 66RAKuladl addFRABE NE1AR | T Bfmudla 1T, as
'm, at |east 100%greater than that of a sol vent
defined gmelan 8, @of formula ITI, as defined in claim 12, in an amount effect to increase

telomerase activity in said cells,

wherein said cells are explant cells obtained from a patient, stem cells, or HIV-restricted

CD8" cells.

36. The method of claim 35, wherein said compound is selected from astragaloside IV,
cycloastragenol, astragenol, astragaloside IV 16-one, cycloastragenol 6-3-D-glucopyranoside,
cycloastragenol 3-B-D-xylopyranoside, and 20R,24S-epoxy-3f,16[,25-trihydroxy-9p-methyl-

19-norlanost-1,5-diene (designated herein as 5).
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CO 44. A nutraceutical conposition conprising an

i sol ated conmpound of formula I, as defined in claim
1, of fornmula Il, as defined in claim8, or of formula
11, as defined in claim12, and a nutraceutica
herbal extract. 45. The conposition of claim 44,
wherein said isolated conpound is of fornmula | or
formula 11. 46. The conposition of claimd44, wherein

37. Beinktbahpliliich 3% vadrtae b4d cElioare agplaagalloshtdmed Yom a patient.
cycl oastragenol, astragenol, astragal oside |V 16-o0ne,

cycl oastragenol 6-0-D- gl ucopyranosi de,

ss. YGIGR SAGSRCLs SobbRtL ot oy 300,

19 nor |l anost -1, 5-di ene (designated herein as 5) 47. A
npound of fornula [1: OR3 OHX5 X4\ Il  where:
39. Télacmﬁthﬁd ofrlaimd xsvhersin prid peltsran HIY-regtieted 6D calls.
hydroxy, |ower al koxy, |ower acyloxy, keto, and a
gl ycoside, and OR3 is selected from hydroxy, |ower

40. 22hk@od of k¥R IngdCAOnPeYind BfFectedb MichsksRlomérascicivyih Héell,
t he hydroxyl groups on said glycoside may be

Cmnpsﬂbstltuted with a further glycoside, |ower alkyl, or
The co nd of C|4¥Iﬂ 47, wherej

SBRE R 4E AL sePPRE Seoro T, SuRamed rL oL Doyt L as

definelilin cRImA0 off &F foHBB1aaMT, 39 disRidah %mrﬁqapfw REi1R tof iAER@MeAelomerase
I ORS OR2HX3 9 X

activity in keratinocytes or fibroblasts, as measured in a TRAP assay, and selecting the
derivative if it is effective to produce a level of telomerase activity in keratinocytes or
fibroblasts, at a concentration of 1 pug/ml in a solvent, at least 50% greater than that measured

in said cells treated with said solvent, as measured in said TRAP assay.

41. The method of claim 40, wherein said derivative is selected if it is effective to produce a
level of telomerase activity in keratinocytes or fibroblasts, as measured in a TRAP assay, at a
concentration of 1 pg/ml in a solvent, at least 100% greater than that measured in said cells

treated with said solvent, as measured in said TRAP assay.

42. A method of selecting an agent for treatment of acute or chronic conditions of the
epidermis, comprising

testing a derivative of a compound of formula I, as defined in claim 1, of formula II, as
defined in claim 8, or of formula III, as defined in claim 12, for wound healing activity, in a
scratch assay of keratinocytes or fibroblasts, and selecting the derivative if it has a wound
healing activity, at a concentration of 1 pg/ml, at least 50% greater than that of a solvent

control.

43. The method of claim 42, wherein said derivative is selected if it has a wound healing
activity as measured in a scratch assay, at a concentration of 1 pg/ml, at least 100% greater

than that of a solvent control.
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H 2 each of X, X2, and X3 is independently sel ected
from hydroxy, |ower al koxy, |ower acyl oxy, keto, and
a glycoside; OR is selected from hydroxy, | ower
al koxy, |ower acyloxy, and a glycoside; wherein any
of the hydroxyl groups on said glycoside my be
substituted wth a further glycoside, |ower alkyl, or
| ower acyl, such that the conmpound includes a maxi num
44, fofuttdeeetcad totapssitiescongiidingin isolaed byhpeund sfedfprrese d} s defined in
doubl e bond between carbons 9 and 11;

} . . or RZ forns,
claimly gbfomaplafly 35 definedin daings.foi 98 forayda Uprassipfingd inglaipnk?, and 2

j ngle bond between carbons 9 and 11,
I“ma%ﬁﬁ&ﬁﬁgﬁﬁgﬁgﬁgéture of a nedicanment for treating a

di sease, wherein said disease is HV infection or a
degenerative disease or a chronic or acute condition
45. The compesitipn eeelpins44,5vherein gaid dw0lased eqrapaundgs offeamulad or formula
I the conpound is selected fromastragal oside IV and
* cycl oastragenol. 60

46. The composition of claim 44, wherein said compound is selected from astragaloside IV,
cycloastragenol, astragenol, astragaloside IV 16-one, cycloastragenol 6--D-glucopyranoside,
cycloastragenol 3-B-D-xylopyranoside, and 20R,24S-epoxy-3f,16p,25-trihydroxy-9B-methyl-

19-norlanost-1,5-diene (designated herein as 5).

47. A compound of formula II:

where:

each of X*and X’ is independently selected from hydroxy, lower alkoxy, lower acyloxy,
keto, and a glycoside, and
OR?is selected from hydroxy, lower alkoxy, lower acyloxy, and a glycoside,

wherein any of the hydroxyl groups on said glycoside may be substituted with a further

glycoside, lower alkyl, or lower acyl.

48. The compound of claim 47, wherein X* X° and OR? are defined as in any one of claims

9to11.
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49,  Use of an isolated compound of formula I:

%2
I

each of X, X2, and X3is independently selected from hydroxy, lower alkoxy,

lower acyloxy, keto, and a glycoside;

OR! is selected from hydroxy, lower alkoxy, lower acyloxy, and a glycoside;
wherein any of the hydroxyl groups on said glycoside may be substituted
with a further glycoside, lower alkyl, or lower acyl, such that the compound includes

a maximum of three glycosides; and

R?is methyl and represents a double bond between carbons 9 and 11; or R?
forms, together with carbon 9, a fused cyclopropyl ring, and represents a single bond

between carbons 9 and 11,
for the manufacture of a medicament for treating a disease, wherein said

disease is HIV infection or a degenerative disease or a chronic or acute condition of

the epidermis.

50.  The use of claim 49, wherein the compound is selected from astragaloside IV

and cycloastragenol.

60 o



