ANGELI CAE SI NENSI S EXTRACTS USEFUL FOR TREATMENT OF CANCERS BACKGROUND OF
THE I NVENTION Field of the Invention 5The invention mainly relates to a new
use of an acetone extract, chloroformextract or hexane extract of
Angel i cae sinesis and the active conponents purified therefromin the
treatnment of cancers. Description of the Related Art Cancers are abnor nal
cell proliferations that result fromthe accunulation 10 of genetic
changes in cells endowed with proliferative potential. Treatnent of cancers
has relied mainly on surgery, chenotherépy, radiotherapy and nore recently

i mrunot her apy. However, new approaches for treating and preventing cancers

?; :qatein!t : ydg(s:i(:Ltra(rjl ﬁg}%%ggﬁﬁgh@g%&\g%yg%%F@igﬁg’?nfé%ﬁgfl onaI Chi nese

nmedi ci nes. The traditional uses of AdgBCER&e sinensis include those to
pronote bl ood producti on, [Né%é%éRd V§h ngnﬁgg§+ﬁﬂp pressure, Kkill
bacteria, ease pain nostly for nens ruaF I'sor I'n wonren, and | ower
chol est erol ( Chi Feldef telbyentioBhanghai Sci ence and Technology Publ i cati on

I nc. Shanghai, Chi naghd/@lvedion pmﬁxg)?’ﬁela-t@sg% 2OONEOSB i edlins Cdxpged t hat
Angel i cae sinensis C]IV% Diels, ASD, and the ASDP and ASDE as effective
conponents of an“EfieRaRt TGRS BreparEtct shd edteasiis’s F8dhaLFunol ogi ca
adj uvant to geneéonnpadehzyplerfgdrmenefr@ﬁlmhezp&hmten@f&me&CC| nes. It was reported in
CN1109356 that t onent, |actones (ASDE), extracted from
Angel i cae si nensilgessc? g%ﬁehaﬁe‘%%%RSD coul d be used as 25i nmunol ogi cal

adj uvant, which can aneneeamnemd¢ﬁhnnﬂ@empeﬂ@ynandﬁMeﬂpa@@mdmkmoxicity
Kumazawa et ;@l . &rg@e/ausleﬁm%;mm%hmk@uitngropelaxmﬂll desmtaParated from
hot water extract of Angelicae sinensis, which could be used as a potent

adj uvant for it sCPA%ES 12 dFHiSH " VP tsyresy JBReRTRRY fiotheePH Yl BRt§ati on of t he
survival period efeny @eneddrigyg HoRelct,Gbw agebdies feelkhimig @M plkenmgava, et al .
30 | mmunol ogy, V%hwm%msuﬁd%na11982) However, this prior art reference
provi des only a general description of the treatnent of cancers with the
pol ysacchari des sepatatriéde bingwis ARgelavit geosi ¢febé snopthiraugihly toaeining
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t he nmechani sm hi's invention_ provides that
an acet one extrd@?“@%ﬁW%¥%¥%%H¥%%%W%%ﬂO8PmW§%§ﬁ%P€%WWQ%W“H?thﬁ@el|cae
sinensis, and thewamaeliuse, RUIr bt chB@ria il for MeSdGR BSrder in

n- butylldenephthallde P), .can al i nhi bit, tel ogerase  ac |V|ty of cancer
cells and furthef uép“%ﬂﬁ?§Q%%6§@8§?§m‘%EWWQP"ﬁ@?”?&ﬁ‘% 8%ed to treat
mal i gnant neopl a3mkcatidhbr fhargbyl. Chinaa€dtbom®3eddPiact , chl orof orm extract or

hexane extragct of Angelgsgas d%bl@s%&‘%ﬁm%@m ¢ LGS PRI SsBUWnk filced
therefrom such as nbutylidenephthali are potent for manufacturing of

nedi ci nes for theRf &yt “Ehﬁ@@@§“méﬁd“@Qﬁwﬁewﬁs@@”Fﬁ &8nbi nati on
wi t h chenot her ap,Muldl‘bblg&dtabﬁxﬁhigﬁbldghell ddjulk ird/ pdnbiR 81O G dd 1RyGkie Br egul ati on,

and tel onerase Ivra]ahclln%!, it wrells reported in CN1109356 that the effective component, factones
(ASDE), extracted from Angelicae sinensis (oliv) diels, ASD, could be used as

25 immunological adjuvant, which can enhance the immunogenicity and help lower

toxicity.  Kumazawa et al provided immunostimulating polysaccharides

separated from hot water extract of Angelicae sinensis, which could be used as a

potent adjuvant for its anti-tumor activity as observed in the prolongation of the

survival period of mice bearing Ehrlich ascites cells (Y. Kumazawa, et al,

30 Immunology, Vol. 47, p.75, 1982). However, this prior art reference provides

only a general description of the treatment of cancers with the polysaccharides

separated from Angelicae sinesis through their immunostimulating activity,



Accordi ngly, one object of the present invention is to provide a nethod for
i nhibiting cancer cell proliferation and mgration in tunor tissues.
Anot her object of the present invention is to provide a nethod for

15inhibiting tel omerase activity of cancer cells. Yet anot her obj ect
of the present invention is to provide a nethod for inducing apoptosis of
cancer cells. Anot her object of the present invention is to provide

the use of an acetone extract, chloroformextract or hexane extract of

Angel i cae sinenses, and the 20 conponents purified therefrom such as

n- butyl i denepht hal i de, for manufacturing of nedicines for the treatnent of
cancers, and as an adjuvant in conbination wth chenotherapy drugs through
their activitiesY8ipupefficicgyridencs giing homechaliig t el omer ase i nhi bition. BRI EF
DESCRI PTI ON OF THE DRAW NGS 2§IEMMmezd)BTipEDWH:}eSONhe resul ts of the cell
cycle anal ysis, whic hdeqo strates hhat trt atmi . % X g/gtﬂoAS-C (the
chl orof orm extract of "ANGel ’io?: & EFhERST s U ehanEen” OIT’ID"n yel'€ Sccunul ati on
at Go/ GL phase (bex@@%xirich oGBMeG @l | sg1efsDBTRGhO Bdpo(enp mriﬁeCDBl)‘:tefmmh a
concurrent dgcreasg,d %u%!;aa@aﬁlahareft@pf S B (LNEHLIVEY & capgut the same

and not shown in the %1 igure | b provides the results of the cell
cycle analysis, %#FeN @ﬁﬁﬁ%{cf'r @tﬂé@wtﬁwwtt#@éthwvéa?wa@ oWie Al gBRM BP

enhanced cel | Cy@doﬁlas&ﬁcmhﬂddf&'é,laﬁﬂceainc G03khphas efrac WxahdbxEBMCeEl | s

(DBTRG 05M ) pA i .- 3 - < 0.0051:) vv%\th on Hrrent decrease in S
phase. ursé ‘Cf‘? sHHHESt A &Fr & O?ff’bBE}"%lﬁ-é ST HHEPHE Al | de) of 5
to 800 M in |ndm¢3r11|dgiemmitiam®rpoicﬂlfb: niDBIRENQ SMBpdiame perols satmast assessed by
TUNEL met hod, Uséfﬂguo%oﬁidc@ah”ﬁ} 'ué%g'19@o&§naﬁon09hi{‘£ﬂ%ﬁmz%§ﬁynéh %&tﬁroﬁ’g p< 0.05, ** p

< 0.005, 5*** p < 0.0005). Figures 3a-c provid results of the anal yses
of apoptosis pat W%%V’flﬁd’ﬂé@ﬁyﬁﬁf%@at@“ a’ﬂ@)“ﬁoﬁ*ﬁrafe 1%‘@?@1 n DBTRG 05MD cel |
line was used.) AcoEiingrye&]e%gyeQ o%@;yrlasgﬁ ;ﬁv&&;on&s@lbmd@im&ﬁ@ f@nal yses of

apopt osi s pat hwa %E lﬁ QﬁF % i n DBTRG O5MD cell |ine was
used.) 10Fi gure lglﬁ%\?ﬁn‘i‘eﬁ%& i’H efﬁ“?’b?v magr té’&t‘“ t8‘i”°‘ 'W&AS- C treat ment
(500nmg/ kg) on the tumorhesiokes ofnthaipowerbéaventivg is ub uivids e usthGBNb:t unor s

(RG2) (p <1p-05i}1h:l(~»d ‘efommgﬁaﬁivg}”ﬁ E.amespWs that the survival rate of the

AS-C treated m ce was S|gn|f|cantly prol onged as
conpared with the coﬁ%tr%Pth‘ﬁr(@wEf o5 f’pr%@mO‘OGEyOH e pevide PBTREI08MG was used.
Figure 6 shows tiR@ucingbpdpickiobscakf el of AS-C treatment ( 500 ng/ kg) on the

growth of in situ CBM}othm obJecg 53 Eg presce)ntlilnr{fgntglq 1srt(?' prov;gie thg use o?an acetor% 0.001).

extract, chloroform extract or hexane extract of Amgelicae sinenses, and the

20 components purified therefrom, such as n-butylidenephthalide, for manufacturing
of medicines for the treatment of cancers, and as an adjuvant in combination with
chemotherapy drugs through their activities on cell cycle regulation, and
telomerase inhibition.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1a provides the results of the cell cycle analysis, which
demonstrates that treatrnent with 70 pg/ml AS-C (the chloroform extract of
Angelicae sinensis} enhanced cell cycle accumulation at Go/G, phase (> 90%) in
GBM cells (DBTRG-05M} (*p < 0.05) with a concurrent decrease in S phase,
The results on G5T/VGH were about the same and not shown in the graph.

30 Figure b provides the results of the cell cycle analysis, which
demonstrates that the treatment with 400uM BP enhanced cell cycle
accumulation at Gy/G) phase (> 90%) in GBM cells (DBTRG-05M ) (*p < 0.05,



Figure 7 shows the inhibitory effect of the AS-C treatnment (500 ng/ kg by
20i ntra-peritoneal or subcutaneous adm nistration ) on the xenograft tunor
growh of mce (p < 0.005), wherein DBTRG O5M) cell |ine was used.

Figure 8 shows the inhibitory effect of the BP treatnent (300 ng/kg) on
tumor volunme of GBBMin situ (R&) on rats, which was calculated with M

i magi ng using echo-planar inmaging capability (* p <0.05, p <0,001). 25
Figure 9 shows the inhibitory effect of BP treatnent, at different dosages
(70 to 800 ngy/kg), on xenograft tunor gfowh on mice (p < 0.005), wherein
DBTRG O5MD cell line was used. Figure 10 shows the effect of BP
treatnent (70 to 800 k%) on the prolongation of survival period of nude
mce wth xenograPF(Hgngt@gﬁﬁﬁﬂ¥ﬁﬁ@6ﬂ§l TRG 0O5M5) (p <0.001). DETAI LED

DESCRI PTI ON OF THE | NVEN]I |slg§‘zs-ﬁme$fed@\6€§ﬁ t@ﬁhtprd%bldﬁﬁdé)f&ab ¢ §18 @1, gani ¢
sol vent extracts of Angelic he conponent s Burlfl ed

t heref rom such a$ ”Hiuﬁﬂﬁ 9?Md‘é‘ﬂ‘éﬁﬂ{ %Tﬁﬁeﬂsz‘”@}lpol’%}h a4 F‘Ph‘?stﬁdtbyt Noter ase
activity of canceéh@lehdig pepillidfnuiciiaess 4 adueestditiel ¢p aEapt osp 8.0.00her ef or e,
they can inhj bi tmgancged §)ell proliferation and can be used to treat
cancers. 5Prepar at ion oP AnRel i cae sinensis Extracts Angel i cae

si nensi s (Dangqui) hEgutsofier predde ths edhulisnofisho adlyehs s ageptosarmdthesival e

di seases. Nornal Inxuce&ttyeAsdélﬁg m%&émﬁﬁ@@ébme%an%%mg iv.) Dels,

bel onging to the fam | n% ferae, 1's used. Angelica sinensis (AS) IS
appreci ated by t hoseFlleFSI ?de&jpliohld‘t H13§C~*>a]r{3t of the ?/‘&Wﬁ%t%f BpIPieEdhtirgies are wel |

known in 10 thepalta dyo8p ¥ fidGHhdnth DEBRALALE 01 indRd{ @k puri fyi ng
i ndi vi dual active conpgnents of Angelicae sinensis. The organi c sol vent

extracts of "Angel i cae SieHE@AsI sy IROBITE A S CaRymer S8RPE pr ocedur es
commonly used in t&end uebckizedoeodetdengg budclidieous BBRENHnOR (RADYPKi cae sinensi s
is extracted with tone, chloroform or hexanes. In one enbodi nent of the
invention, the driéed’and powdered rhi zomes 15 of Angelicae sinensis were
extracted w th acet oneFasred shotsvianthe tuovigl e ol e ARG rated mire KBseA,

Furthernore, AS-A msng; 5amfgnﬁ%;&l%,to%qgewag&bn@mle@&,mg Dok gy an extract
as AS-C, and AS-A was further extracted with hexanes to give an extract as

AS-H. Purifi'tati on®PctO-RED; Vi MBSREMPYCIASEPve components of Angel i cae
sinensi s may be isol at @‘(ém@r@dﬁ(ﬁ% tRURHiBiiogcTEd oMb ltareah@anisco sgkyent extracts

of Angelicae sinensi tech es _known art. The active
conponents may be putﬁei ‘(Vatg kmgl g morgé&é@%%?nsm“ﬁ anyb;8 b

particularly the rbf@omes . Various techniques that nmay be errpl oyed in the

further purificati Oanlglﬂgb %@vs tle! lrthr@twy%ﬂect sehegbicuR A RERCGKR) rﬁﬁl&é n, 25
extraction with organic solvents, extraction wth aqueous sol vents col um

chr omat ogr aphy, RFgREiasd oF fRREEEqU adivigsERPbhet By F%ﬁﬁi’/ﬁ CHPLEPY et c.
Accordi ng to thesfinidéentooos), \SIQ[% EIIEIRG/-@SM@B@IQme@EsSusWBre purl fied fromthe
organi ¢ sol vent extracts of An e t| | i de and
nbut yl i denepht hal i deﬁg‘{/\%l &iPe % l!r“}%lj)&ye tearfg?hezBePI' waé’b g@S gjﬂs)l N one
enbodi nent 30 ohméirelumeve fiiN iy sild. (RGAnch Ztsgelontetey @b;kllalesarmtbﬁ\tﬂilof
n-butyl i denepht hal i;de, (BRI VRLE: i58 (%éag oMb R oGRl UL ¢l emat ogr aphy and
characterized wt hé LCgana\%\Narl\/R.1 é?%r C a)mis)ms of ncer S)Tr eat nent
25 Figure 9 shows the inhibitory effect of BP treatment, at different dosages
(70 to 800 mgikg), on xenograft tumor growth on mice (7 < 0.005), wherein
DBTRG-05MG cell line was used.
Figure 10 shows the effect of BP treatment (70 to 800 mg/kg) on the
profongation of survival period of nude mice with xenograft tumor (subcutaneous
30 DBTRG-05MG) (p < 0.001).
DETAILED DESCRIPTION OF THE INVENTION

This invention provides that the organic solvent extracts of Angelicae



Tel oneres, the extremties of eukaryotic chronpsones, are essential for

mai ntaining the integrity of the genone and are a key determ nant of
cellular aging and imortality (NN W Kim M A Piatyszek, K R Prowse,
C B. Harley, 5 M D Wst, P. L. C Ho, G M Coviello, W E. Wight, S
L. Weinrich, J. W Shay, Science, 266, 2011-2015 (1994)). Telonere |length
and the rate of its reduction vary anong organs and individuals. Large

i nterchronosonmal variation in telonere Iength exists in mce and humans and
an aberration of a telonere in a singlefchronpbsome can | ead to abnor nal
chronmosomal segr egatl on (L. L. Sandell, 10 V. A. Zakian, Cell, 75, 729-739
(1993)). Therefore, i s concl uded that the regul ation and mai nt enance of
tel onere length V%Ff’ff%tf’iec?ﬂmb‘l“a‘ys BIRTPHBEF YAt &1 BRI HISRRANRHI G E &l opnent .
Apparently cell s<:a|nanmntaelsryestsemttvmy m@ﬁceccteuagﬂlfmﬁtm Jbﬁlﬁ.htfﬁi’r kpdpo@k. shortening
and abnormal el o i.on, of tel ra b entified as
one of the tel on@r%tf‘tr%ﬁ}é hcaPe"g“t” CRIE Lt prl R il %a %?l“‘*‘e%?@ ”"‘gw 521- 529
(1989)). Hence, @nsesconpound or substance havi ng a sel ective inhibiting

tel onerase agti Vit giaoridn f,pg,e 9,,,1;2,|,§;(qgm&gll growth and thus further induce
cell apoptosis of tunor ce ptosis i s anot her nechani sm of

cancer therapy, whi cfyssiee B‘éﬁ'ﬁﬁéD%@z‘“ li‘a“'tl‘i”i’é braweed inpleeddisgpsec@d] b ol ogy
research. 20The @bk \datisen ®érmehe tt&pcﬁtfﬁﬁ@@ltﬁf l&h@gdﬁaammﬁs r@gyl @itled by vari ous
signal's from bot h I n:Etr?oC eltjélmt?r ofa{}m e? rlagqgu e n %:tci rsrrunler;sis (I deed, in
recent years evi donges nPng PR de dimil ate fhat “HEny (\ h per haps
all) agents of c@n@eﬁted:tbvethm H@lteapythklattlmvumuﬁ teghgiiduss dpywildwnehinng t he
mechani sms of ap@PLP Rl SxirEW, QEJM&%g%@BPbL@&% 1\4411 13ua@-9&@£ Osthpendils€ expect ed
to be nost effectjive against tunours proliferation rates.

Many such candi d%ft“*é§e“a‘?€e””6%%”n6hes‘tf$aél§rt@'éF“f Eii‘ra‘ﬂ%‘éf "ﬁe"’tct‘Fe“’teﬁ%‘aTﬁb‘ﬁt of cancer
(Ricardo Pe'rez- &m;]md 83 anyB%ﬁd’rdi Br omm%afmmonlﬁsltdaeﬁ tHeIfagosotcecrrang Manessa

Sot o- Cerrato. Bigchem -1 00 . Apoptosis is
noni t ored by thetg%trllrz]avlemg)fl ’sAbéfe?ta\?\o“"c%r‘r%%nf’vaﬁ 5%%“6 %Omg% The

nor phol ogi cal changes Iofonfc@tﬂtogmw(emmﬁdems/aatuomnhecﬁnedlamﬁl eaderewhapmdsi n,
formation ofs apO&tAqtgélﬁaqughs%S&ieng%a%1thra%fg%rys kb fo%ﬁvg ah @88 fragments
(300 and 50 kbp) and then to oligonucl eosonesi zed fragments (mnultiples of
200 bp), which aSaﬁa%%aPurH@rf*éPrw et @ps fugher NRCBARES RIS A8 ¥ gel

el ectrophoresis. ext%dt BROADD; @lasery ati RAKD ExdabesRinendnes dtgveias eancd Ndi cat or of
apopt osi s, quant| igl_zti on of the percentage of apoptotic cells in a
populatlon by sué | assay i s inpossible. For this purpose, we also used

t he TUNEL assay Riufitatign vitricetr Gdmporeescent | y- 5 biotinyl ated nucl eoti des
were added 4o the endsiotodlifly FANBALS, bl 1GHiashys: bigaaues
Piettea,*, Ce'dric Volantia, Annelies Vantieghenb, Jean-Yves Yvette

Habr akena, Pat ri59mthiagesaric sleent Graehe irsdiceiisr ayotsBgyny Eemiques
16511659(2003) ) . kndhe ik @eddri. vahe antve |CblH}§anﬁls Qafay bB §uiiREepsAngitdet he

m t ochondri al pat hways to. 10 dr ‘g yce )t OSii % has been a subj ect of
controversy. It ‘G&BENEEMR"P H’gmf"@%gt " ’tz?inéebcy PEFERHE TPV, the dose
and kinetcs or omptliyéd er dndeshebetrifieeivn derddaifilwaion,| sekeytjye precighatoh, affects the
cel | type dependspl.si gR@l i la Do;tegrs A3ddeAskaPa i@x@yw venis, cojumn | APOPL OST'S
pat hways can be initrated t erent site suc he 15 pl asma
menbr ane, by wayhemagerpy r’@%lbpltetfpmt‘l‘é% doad @fﬁﬁ%?glwby (@ﬁ’é@bt & pat hway;
Fas/ FasLi caspases®beasnase- tavdaa&hwaya activb QompdnehaBdruanddmiéakondri a]

pat hway; Bax/ Al F/ caspase-9/cas at hwa %% cel | cy Ie regul ati on

(i ncl udi ng p53, B Ful msﬁ’ﬁﬁftgsozd?’@"" ﬁ‘ib“”’é’t d p @Xlé?‘t“ﬂ |?fﬂs% i nhibitors
and cyclin/cdk delyidayditelichetkh paiintie) QS o aeplesik. d@,one embodiment

20N T oul ea K aus-pd claal, DRl il CORGPLANEL PR d Wcrhhicl 38p( 2003)).

It has been reported i ie literature t at aceton ract | orof orm
extract or hex aﬁ%ﬂf%wpaé‘?d Bith pplged pheaeatagranbhaidscherpeier izgdswitthHPIAg fiidy e
conponents have pgaki - angi na, anti-agglutination and certain other
activities on the cardi ovascul ar system 25Surprisingly, we found in this
invention that the acetone extract, chloroformextract or hexane extract of
Angel i cue sinensis, the active conponents purified therefromsuch as

n- butyl i denepht hal i de, has anti-cancer activities. According to this
invention, the growh of several cancer cell lines were tested against the
acetone extract, chloroformextract or hexane extract of




30 Angelicae sinensis, the active conponents purified therefrom

nbut yl i denephthalide. It was found that they were cytotoxic to cancer
cells; they inhibited tel omerase activity of cancer cells (as shown in
Exanple 7); they -7 suppressed cancer cell proliferation (as shown in
Exanpl e 2) and they al so induced cancer cell apoptosis (as shown in
Exanples 3 and 4), Furthernore, aninmal studies also showed they were
effective in suppressing cancer growh %as shown in Exanples 5 and 6). They
are therefore potent for treating cancePs, 5 particularly human nmalignant
gl i obl astoma, col orectal cancer, |eukem a, neurobl astoma, hepatonma, breast,

ovarian and | ung E%ancer‘s. Phar rraceutl cal Conpositions The acet one
extract, chl orof & T e extract of Angelicae sinensis, active
conmponents purified THeneés dmex@ndtict beadeybticahioresonascar didgi i@ 10 the
present inventiop en AL AL St eLe ? nventiona & of

adm n| strat I on i néﬁ&%{]m € [pgrr[ OE EIF ggno %&m Xre aokeéltptermmanl fr 1I|[ar

i ntraperitoneal {digg)and i“ﬁﬁ@@b‘élﬁ%d’é I{llﬂvM Aj fmtrsathgc%lpal%é i, H«%rigbcut aneous

(sc), pul monary, m bangdes. rnalc, Hpt@q\@lcﬂvlaﬁéaiz E. SRt gy abein@GU). a7, rectal,
vagi nal or other _routes. arent to those skilled in

the art that anyS'ZTéS’s%eé‘C‘br%? r?@bh@dwl%’f‘)) ac#’r’i"ﬁ‘?@t'?%f‘ﬁ Y they Bte 93t pr ovi des

t he desired therapedbi arnefridg brghs asdiindiaibbha. f[ﬁ:rge Uﬁeechrdmowhe:l }Mn@@cﬁnt

adri i St or ed by DAl U e AR, BB b ISR 1 ed i n the
art of drug or foede Qiieqn}wwefan Egtto amxmmfmmmzrbﬁegtelg@maﬁe@t$a®dell

adm ni strati,pn, Vhg 288Lope) ext 180ks (1938).CAhQEBE Ok R %Enﬁ&ﬁtmmhehexane
extract of Angelicae sinensis, active conponents purified therefrom and
the derivatives Wﬁ?mﬁﬁdWH“T%@“FBPﬁ?BW“&k?&BW@P“mbﬂ%VmI@Qﬁ@ﬁF@emQranule
gel, powder, st etantee dpRIoPmERr aalppsa{tn;rtdemﬂmé aSHSPE RS bRt ARhEreaH aer osol or
quuid spray, or posj tor e n mnis ratlon route To
prepare a pharndggﬁﬁsgxemn%%m%gi ?3n %&ﬁ?ﬁ‘fqﬁ%gg’er %%? Bh% he or gani ¢
25 sol vent extrahxgmbmﬁm@gemwcééwsﬂmemaEngbﬂ%MMeméﬁnﬁdﬂenm§dpéﬁlf|ed
therefrom 67 thedes i wabhy esieit Sadinbthdrb! B:2.ROAIRE SULILRL Y
acceptabl e carrier. accordi'ng to conventional pharmaceutical conpounding

t echni ques, wher &} H“l%é?’%’ﬁffﬁs‘? aftivipagant @Rigit durggr sl gy ie eyl B f9hts dependi ng
on the form of ph@patatab@bvsdesiumacteliOr adm ni stration. Suitable

phar maceutical ly acgeptabl.e carrie art.

Descri ptions of son% %%ﬁ?ﬁb%gﬁﬁwgﬁFnﬁ E@@B?ﬁﬁ?%wggh?ﬁgfb“ﬂﬁ?mﬁe found in
The Hand Book ofoffPiraewsceensiotall bitlogy picemb.s, publi shed by the Anerican

Phar maceut i gal Assoﬁneaa&:h\giﬂoa%%etapﬁtf hﬁ}’ogﬁﬁqyx@gﬁﬁéd @Qgﬂio%g ygr@fs rcat - 8 -
Britain. For instance capsul es, , solutrons or

suspensi ons nayl&ﬁb@”ﬁﬁ@ﬂ%dﬁdfﬁéaﬂéaq8%ﬂﬁgméﬁﬁﬁ6ﬁ@ﬁWsﬂm§eﬁﬁ@?ﬁﬁceut|caIIy
accept abl e exci pjegllﬂﬁmg)rto Catirh@dte A 1ﬁzh1y| am«n Remapd ax} Ggentsnef easg@l 1 d or

sem -solid , dlh%enn %§p§ulathgﬁ) L ﬂ Ease or fornul ation
auxiliary of any %@“”# SOPULT'ORY "4h 1“% %ﬂ§%% L1 ohEPREY coitt ai n

auxi liaries, suchumssswatterwiffopoptesjsectdxpnied sdiinmet effedtivt aginst tpoduset hyl ene

gl ycol s, glycer | fin REARIERRNIMKC Oy o Oéahﬁ&ate%)éﬂztbgﬁ% WGecRR AR A Pr Ot el ns
such as serum al bumn to enhance solubilit anti bacterial agents such as
benzyl al cohol dFeﬁ§¥W9F‘5&?&@9@@““ﬁhfﬁﬁ%1éﬁh?s Ragth M@“%@bé%%ﬁc aci d or
sodi um bi sul fi t &;ladasifd eV smeSH GBoa%n@6 EkidtiRSicalCPHaf R 815¢ ciorss JPhesphat es and
agents for the %%)ﬁdjustnent of tonicity such as sodiumchloride or
dextrose. The sdfUtion or suspensi on preparations can be enclosed in
anpoul es, di sposabl &p@ysis igesniored iy ke jphlgsisdgseo vormhenlyreee eaihoigh-ass or
plastic. 30 Thﬁ"e A ﬁo@&ﬁ:a%gr{ Qsc&telﬁzgogc{eg ﬁ&ﬁ&é%%]éaﬁ ortatin f}g gp& extract of
Angel i eae sinensis, active corfponent uri erefrom’ an

derivatives accdﬁ@?%@“@éwm%%am @Nﬁﬁé@@ﬂﬁm@ﬁV@hﬁﬁﬁﬁmﬁﬁyﬁaﬁg%a%bﬂhdnlnlstered
as an adj uvant impcaahdaab bRRnWdotbn et DAEAPMMIIG S 266, WFcract | nomyci n,
adri anycin, Ara-C, bIeonyC|n carnustin, cisplatin, cyclophosphani de,
daunonycin, mtonycin, taxol, V|nblast|ne etc. The acetone extract,

chl orof orm extract or hexane extract of Angelicae 20 sinensis, active
conponents purified therefrom and the derivatives according to the present
invention may al so be fornulated in any dietary conpositions by using any
t echni ques known to those skilled in the art. The foll ow ng Exanpl es
are given for the purpose of illustration only and are not intended to
limt the scope of the present invention. 25Materials and Mt hods



Preparati on of Angelicae sinensis extracts and Conpounds The roots of
Angel i cae sinefisis (Aiv.) were supplied from Chung- Yuan Co., Tai pei,

Tai wan and were identified by Professor Han-Ching Lin. A voucher of

her bari um speci nren was deposited at the School of Pharmacy, National 30
Def ense Medi cal Center. The dried and powdered rhizomes of Angelicae
sinensis (12 kg) were extracted 3 tinmes with acetone (24 L/tine) to give
acetone extract called as AS-A. AS-A was then subjected to chloroform
extraction 3 - 9 - times (24 L/tines). 9The latter extracts were
concentrated under reduced pressure to yield 31.67 g of chloroformextract,
called as AS-C (from 100g of acetone extract). A hexane extract (AS-H) was
obt ai ned by ext r APEF Y2 ABIK Woit PN b 8X4hren aﬁ“Bﬁﬁ?Fﬁeﬁ@ﬁ@bﬁ" P (BP) was
purchased from Laneasiohf Sysateh@suns 15511hdid20r@f\@bga§k£,qud\(biﬁcﬁﬁ@rﬁﬁﬂ)e UK) and
used w t hout fur%her cat cé?l - arated with

BP_ wer ep
col um chr omat ogra emeﬁta eOfﬁpo ar act erj '%Ogcal]amn%ﬁ SlﬁIBL&aSSWdIS Wﬂﬂﬂmh%h% wer e
di ssol ved in DI\/B(i)15 ptrrmabawedlswwerwl thakitig- atsay2 Bur@sf wiict] ﬂh@‘ﬁbpenéhd stored at

4C before eagh i Bioiiyied nGiRRRd TR 2dadeeh Ithe eﬁ(ﬁl de DRI ABRNAIRRY fikdy Vitro
10Hurman unbi i cal vascul ar. endot helial cells (HUVECS) were pur chased from

Cascade Bi ol ogi c&e!Is [{fgquey Bispga, ﬁwE@ch%éﬁwe fwa?lﬁt diaprsghamb MasgRYYsH 200
(Cascade Bi ol ogi &sstte | HbrakddDAPauSdidd pbR RNt Eekhwhitd) f&.@&ﬁaem@y, byvicpe serum ( PBS
; G bco BRL) andIéS%YO ﬁr um grow h suppl enent (LSGS ; Cascade Bi ol ogics,

I nc. USA dermal fibroblasts (HDFs) were purchased from
Cascade 15Bi ol ogi cs,Tht mhative doBAputiotHBDREe wep@r amli tint ritarberdiial piedivam 106

(Cascade Bi g)ogi gy iyiica ;sagasz  RHRBLITROLES et 1OGFRR ANAL LW serum

growt h suppl ement scade Bi ol o% he human col on
adenocar ci noma c%‘i‘l’e clyfoﬁ’é§df-‘i"5“2@f {he fese W‘&S@d’“fdrffﬂﬁ“fqﬁéetﬁq"@@ PNWanassas, VA

USA) . HT- 29 were oai itpadj deidh iaffedduipecen' tﬁ)eMégdnﬁérﬁdlgEﬁ@k &n Medrddimus20( DVEM
G bco) suppl enent ef\hd wi th 10%EBS and 100 ng/m penicillin and 100 ng/ m
streptonycin (LiFe™féchnol ogies, Inc., Gand Island, NY, USA). For the
proliferation assayApbrteel ﬂathlwaysl @y bgmt\vatdd tuGheh, différent cids) sichwer ahehar vest ed at

0. 80% of contl uance: mdfafl 10%vhoh aHSRERRI-ARSIEY Sufli ApasAG, onto o

Fal con 96-wel | ates nsitres were I n Medi um 200
(for HUVEGs), anEF”Q”aYZS Ras/FpBewpiseBlisrisetn MEHYYm 106 (f"tb‘FOCHDlhsﬂ) and 5 X
103 cel I's/wel | i gniloboMidal QAT B@Q/Amb@@hsemmp@s@ 3V\pamwagt)0%5ax CQEIme cel I s wer e

pre-incubated for 24 hou ncubat or ere, at
37C, 5%01). 10 ’E?F%%E'r"“t(ﬂ‘ﬁ‘“%’ p5h Relgmor ypprgs ?‘f‘olh‘g B géﬁﬁqﬁtﬁﬁp "Bifs wer e added
into the cul tureinhbtirumof dhe/gkatdl Fhle odbd quintsur ¢8mwer efuldacubat ed f or

48 hours. 10,{ 11 of,50e kERL-MiPHBELRNE. dhder Better, 197, 131-135 (2003)).

It has been reported in the literature that acetone extract, chloroform extract
or hexane extact of Angelicae sinensis and its the active components have anti-
angina, anti-agglutination and certain other activities on the cardiovascular
systerm,

25 Surprisingly, we found in this invention that the acetone extract,
chloroform extract or hexane extract of Angelicae sinensis, the active components
purified therefrom such as n-butylidenephthalide, has anti-cancer activities.

According to this invention, the growth of several cancer cell lines were
tested against the acetone extract, chloroform extract or hexane extract of

30 Angelicae  sinensis, the active components purified therefrom n-
butylidenephthalide. It was found that they were cytotoxic to cancer cells; they

inhibited telomerase activity of cancer cells (as shown in Example 7); they



(CCK-8 ; DQAJINDO solution was added and the cell cultures incubated for 1
- 4 hours in the incubator. The absorbance was neasured at 450 nm
using a Smcroplate reader with a reference wavel ength at 600 nm or over.
Extraction of RNA from HUVECs Total RNA was isolated fromthe cultured
stromal cells using a nodified guanidiumisothiocyanate nmethod (Trizol;

I nvi trogen). Honogeni zation: The cells were lysed directly in a 6
well culture plate 10by adding 1 m of trizol reagent to a 3.5 cmdi aneter
wel |, and passing the cell |ysate severar times through a pi pette. Phase
separati on: The honobgeni zed sanples were incubated for 5 mnutes at 15 to
30Cto permt the conplete dissociation of nucleoprotein conpl exes.

Then, 0.2 m of t"rl?PrB“r"‘fﬁ SRR (R SEpE e SRy Hy BRmple grang they flse15r eagent
was added. Sanpl adicibescaerp ap@pPie dasSeowd &l Fxamphe 3tabes rveleemate gor ousl y

shaken by hand f qumgétuﬁl& ﬁso sﬁ e??lﬁei gfgrlilage Ec%ge f?itsupééetst %c%%% %fgvéth %as f OI’

m nutes. The sa ret cent
mnutes at 2 to SGW“F@lEP(WIQﬁQF @érft)rﬂfemqwtih@mforetmnhf@ttmqqrt@ggwasat ed |nto a

lower red, s pRRERAY - ;AT AERM: PRASBstoR) LALELRNESEer, aferRacOl OFl eSS
upper aqueous phase 20RNA remai ned éxclusively in the aqueous phase.

RNA preci pit at i oPfuroblgony (esiia frad Ve s WH<PFPed to a fresh tube. The
RNA was preci pi taltaeﬁhcémlemhﬁosa;qmeous phase by m xi ng WI th i sopropyl

al cohol (Fluka). 0.5 ro s._added ery 1m of
Cri2ob reagent” whi oh et SRuEd R o RBo RS ol Pot Riter s RIS Sanples
wer e 25i ncubat edsiegsig Beitvg C@O@némpumﬂedmlmftoes aghttle danvetrvicf ugafdinato no nore

than 12, 000%,9 f@g germ RGeS Fhy Del QnBftercd by ANANRMTRGESsPEr Nat ant
was rem)ved The R el l et was washed once with 75% et hanol, using at

least 1 nl of 75@%@%&% inglpgfinge b pgt limifefl o prat Rrgtitraly wugpeenealfi-ch was added

for the honogeni maiveas iim), Irﬂtr@{hdlsyular-fhﬁ sﬁ&ﬂﬂh@ua m@spumm@ yhsaeandiexi ng and
centrifuged at no u es, at

rorl Ssor vt ng. 1 niefRsek A Radud i el ety L EReSFe ie rna pel 1 et
was dried. The RMparemee dpssiolladedihe prt Rhase ddspgeer (vaduercy obatighinistration

15 that provides the desired therapeutic effect is suitable for use in the present
invention. In a preferred embodiment of the invention, they are administered by
oral delivery, using methods known to those skilled in the art of drug or food
delivery.

For the purposes of therapeutic administration, the acetone extract,

20 chloroform extract or hexane extract of Angelicae sinensis, active components
purified therefrom, amd the derivatives may be in the form of a tablet, pill,
capsule, granule, gel, powder, sterile parenteral solution or suspension, metered
aerosol or liquid spray, or suppository, depending on the administration route. To
prepare a pharmaceutical composition of the present invention, the organic

25 solvent extracts of Angelicae sinensis, active components purified therefrom, or
the derivatives are admixed with a pharmaceutically acceptable carrier according
to conventional pharmaceutical compounding techniques, wherein the carrier
may take a wide variety of forms depending on the form of preparation desired
for administration. Suitable pharmaceutically acceptable carriers are well known

30 in the art. Descriptions of some pharmaceutically acceptable carriers may be
found in The Hand Book of Pharmaceutical Excipients, published by the

American Pharmaceutical Association and the Pharmaceutical Society of Great



5incubated for 10 m nutes at 55 to 60C. The RNA can be stored at -70C. Cell
Li nes Human tunor cell lines (MCF-7, CLI-5, FIT-29, Caco-2), hunman
unbi | i cal vascul ar endothelial cells (HUVEC), and human derrmal fibrobl asts
(HDF) were tested for sensitivity on Angelicae sinensis extracts,
ligustilide, n- 10butylidenephthalide and its derivatives in vitro. The
DBTRG 05M), BCM HL- 60 and J5 cells were grown in RPM -1640 nedi um
containing 10% fetal calf serumand 100 ng/m penicillin and 100 ng/ m
streptonycin at 37Cin a hunmidified atmdsphere with 5% C®2. The G5T/ VGH,
RO2, N18, SVEC and Bal b/3T3 cells were cultured in DMEMwi th 10% fetal calf
serum and 100 ng%m, 15Fpeni cillin and 100 ng/m streptomycin at 37Cin 5%
CO. Mycopl asma PHEEctPbHSBICet He 2Rl gpsalet df P oRHYs ok S BN HRYPCR

screeni ng met hodsishrélodeaheitibviex peipbierit a pHkAMLiEIY hecddnaliysiipienf Cel |
Cytotoxicity The eff .on cell viability after. t treatnents with
different 20 co%rc%m%gtg{t%icgﬁssa% "t?xﬁcémﬁfﬁé%]ldioésaeén l's“l’hﬁié%g?esn[’g&cf‘f?s}iiétt‘% or the
active conponent 3pig i fj seldbash er efrrudatrnerdizgve aated By nedichi sd M T assay
in triplicate. Bryghlidhs da)@offh hikillresXsudPR)wHBES ik DGHDRLA iRk 96- vel |

pl at es cont ai ni ngﬁjloo pl of aag?royvth medi um The cells were permtted to
adhere for 24 hoBf¥hyiehe BIYEs HDEE nPIIRY 4150810 6F OtRie SHBEKatoERr act s or the
active conponent groding 8oh ¥adruinrlbhie: to 2have eilubilcy; Bieba@ait dpehes &omisai ned DVBO
of < 0.02% (v/v),. Aiter 24, 48 and 72 h j.ncubation, the drug-containing
medi um vas repl adas '6@"‘}5’%‘”&?3 hy&)?”%?’ s UG A C%a?ﬁﬁ”g 1°Ia§‘9i°hg)81é{5'h wel | were
i ncubat ed in 50 bkulipf: BO0rspgémis Mefftes, guitra@s 81 phospheees napdi agentsafod T T wer e
renoved | atep ang;LQQ,gb QhiciIVEQ WasaRAA8E1O LAGR el TheaBfldiOot he control,
to dissolve the sol uble conmponents. Absorbance at 550 30nm of the sol utions
was measured wit HSIBRICVPTERIIPISetan E £REoseq) i pappslee rdisposablo syringgsyiEX, USA) .
The absorbance ofulupit i@atied naed Jf glawasplesansi dered as 100% To eval uate the
effects of the extragts or the active co onengs on cel | %o%vt‘h rate of GPM
cells, 5 x 103 exponenti aliy STFCM PR PUAGHEF BOPPREVEY Sh TR f er ent
concentrations forengdy actiyg coragonéh® phrificihiberefyono tioixthe iidripatoks gagting @st subst ance
was 5det er mjned ; - Yl e ent.s: : . centration
required to lgauslgr_é E%cg%”f ﬁﬁ%ﬁ%ﬁhﬁ ?lb%\ﬁ %&%ﬁ?‘?(ﬁ%n@sﬁ{u&%? ﬁféogjrg)fnggd& wer e
performed in tri}Fh ehgmatherapy drugsaiyplpasiactipyyeipoddrigngcp: (resdecspciphe di f f er ent
Angel i cae si nensdasm@figarisplain| ¥RIUph@PHamaR! SdauBhydnd miényd@l | MRl ves on
different cells l.ines. CytaOXiGty, C50

vinblasfiie etc.
The acetone extract, chloroform extract or hexane extract of Angelicae
20 sinensis, active components purified therefrom, and the derivatives according to
the present invention may also be formulated in any dietary compositions by
using any techniques known to those skilled in the art.
The following Examples are given for the purpose of illustration only and

are not intended to limit the scope of the present invention.

25 Materials and Methods

Preparation of Angelicae sinensis extracts and Compounds
The roots of Angelicae sinensis (Oliv.} were supplied from Chung-Yuan
Co., Taipei, Taiwan and were identified by Professor Han-Ching Lin. A voucher
of herbarium specimen was deposited at the School of Pharmacy, National
30 Defense Medical Center. The dried and powdered rhizomes of Angelicae
sinensis (12 kg) were extracted 3 times with acetone (24 L/time) to give acetone

extract called as AS-A. AS-A was then subjected to chloroform extraction 3



Normal Cells Cancer cells HUVEC HDF Caco-2 MCF-7 R& Extract (Rg/ml) AS-A

91.85 > 100 > 100 9206. 6.83 AS-C 44.19 85.08 51.17 > 100 7. 22

15

20

25

-9

times (24 L/times). The latter extracts were concentrated under reduced pressure
to yield 31.67 g of chloroform extract, called as AS-C {from 100g of acetone
extract). A hexane extract (AS-H) was obtained by extracting AS-A with
hexanes. n-Butylidenephthalide (BP) was purchased from Lancaster Synthesis
Ltd. (Newgate, Morecambe, UK) and used without further purification. E- and Z-
forms of BP were separated with column chromatography and characterized with
HPLC and NMR. They were dissolved in DMSO, incubated with shaking at 25

°C for 1 hour and stored at 4°C before each in vitro experiment.

Cell Proliferation Assay in vitro
Human umbilical vascular endothelial cells (HUVECSs) were purchased
from Cascade Biologics, Inc. (USA). HUVECs were maintained in Medium 200

(Cascade Biologics, Inc. USA) supplemented with [0«fetal bovine seram (FBS ;

Gibco BRL) and [ow serum growth supplement (LSGS ; Cascade Biologics, Inc.

USA).  Human dermal fibroblasts (HDFs) were purchased from Cascade
Biologics, Inc. (USA). HDFs were maintained in Medium 106 (Cascade

Biclogics, Inc. USA) supplemented with 10%FBS and low serum growth

supplement (LSGS ; Cascade Biologics, Inc. USA). The human colon

adenocarcinoma cell lines HT-29 were purchased from the ATCC (Manassas, VA.
USA).  HT-29 were maintained in Dubecco's Modified Eagle Medium

(DMEM ; Gibco) supplemented with 10%FBS and 100 ng/ml penicillin and 100
ng/ml streptomycin (Life Technologies, Inc., Grand Island, NY, USA). For the

proliferation assay of cell in log growth (G1), the cells were harvested at 60-80%

of confluence. 100 pl of cell suspensions were dispensed onto a Falcon 96-well

plates The densities were 6 x 10° cells/well in Medium 200 {for HUVECs), and 9
x 10° celts/well in Medium 106 {for HDFs), and 5 x 10° cells/well in DMEM (for
HT-29) supplemented with 10xFBS. The cells were pre-incubated for 24 hours

in an incubator (Humidified atmosphere, e.g., at 37°C, 5%CQz). 10 ul of toxicant



AS-H > 100 66.55 > 100 62.42 30.49 BP >100 (>532RM) 300 (1596 RM) > 20
(>106 RM) >20 (>10604) 1.4 (7.45R M) BP-E form >100 (>532RM) >100 (>532

<10 -

of various concentrations were added into the culture medium of the plate. The

cell cultures were incubated for 48 hours. 10 pl of the Cell Counting Kit-8
(CCK-8 ; DOJINDO) solution was added and the cell cultures incubated for 1 ~

4 hours in the incubator, The absorbance was measured at 450 nm, using a
5 microplate reader with a reference wavelength at 600 nm or over.
Extraction of RNA from HUVECs
Total RNA was isolated from the cultured stromal cells using a modified
guanidium isothiocyanate method (Trizol; Invitrogen).
Homogenization: The cells were lysed directly in a 6 well culture plate
16 by adding 1 ml of trizol reagent to a 3.5 cm diameter well, and passing the cell
lysate several times through a pipette.

Phase separation: The homogenized samples were incubated for 5

minutes at 15 to 30°C to permit the complete dissociation of nucleoprotein

complexes. Then, 0.2 ml of chloroform (Riedel-de-haén) per 1 mil of trizol

15 reagent was added. Sample tubes were capped securely. The tubes were
vigorously shaken by hand for 15 seconds and incubated at 15 to 30°C for 2 to 3
minutes. The samples were centrifuged at no more than 12,000x g for 15 minutes
at 2 to 8°C. Following centrifugation, the mixture separated into a lower red,

phenol-chloroform phase, an interphase, and a colorless upper aqueous phase.

20 RNA remained exclusively in the aqueous phase.
RNA precipitation: The aqueous phase was transferred to a fresh tube.
The RNA was precipitated from the aqueous phase by mixing with isopropyl
alcohol (Fluka). 0.5 ml of isopropy! alcohol was added for every Iml of trizol

reagent  which was added for homogenization initially. The samples were

25 incubated at 15 to 30°C for 10 minutes and centrifuged at no more than 12,000x g

for 10 minutes at 2 to 8°C.

RNA wash: The supernatant was removed. The RNA pellet was washed
once with 75% ethanol, using at least 1 mi of 75% ethanol for every 1 ml of

trizol reagent, which was added for the homogenization initially. The sample



>20 (>106RM BP-Z form >100 (>5321.tM 65.25 (347RM >20
(>1061kIM 10HUVEC. Human unbilical vascul ar endothelial cells HDF. Human
dermal fibroblasts Caco-2: Human col on adenocarci noma MCF-7: Human breast
carcinoma RO2: Rat malignant glioma 15 - 13 -

- 11 -

was mixed by vortexing and centrifuged at no more than 7,500 x g for 5 minutes

at 2 to 8°C.

Re-dissolving the RNA: The supernatant was removed, and then the
RNA pellet  was dried. The RNA was dissolved in RNase-free water, and

5 incubated for 10 minutes at 35 to 60°C. The RNA can be stored at -70°C.

Cell Lines
Human tumor cell lnes (MCF-7, CLI-3, HT-29, Caco-2), human
umbilical vascular endothelial cells (HUVEC), and human dermal fibroblasts
(HDF) were tested for sensitivity on Angelicae sinensis extracts, ligustilide, n-
10 butylidenephthalide and its derivatives in vitro. The DBTRG-05MG, BCM, HL-
60 and J5 cells were grown in RPMI-1640 medium containing 10% fetal calf

serum and 100 ng/ml penicillin and 100 ng/ml streptomycin at 37°C in a

humidified atmosphere with 5% CO,. The G5T/VGH, RG2, N18, SVEC and
Balb/3T3 cells were cultured in DMEM with 10% fetal calf serum and 100 ng/ml

15 peniciliin and 100 ng/ml streptomycin at 37°C in 5% CQ,. Mycoplasma infection

of the culture cells was excluded by PCR screening methods before each
experiment.
EXAMPLE 1: Analysis of Cell Cytotoxicity
The effects on cell viability after the treatments with different
20 concentrations of the Angelicae sinensis extracts or the active components
purified therefrom were evaluated by modified MTT assay in triplicate. Briefly,
the cells (5 x 103) were incubated into 96-well plates containing 100 pl of a
growth medium. The cells were permitted to adhere for 24 hours, then treated
with 100 pl of the herbal extracts or the active components dissolved in the
25 medium, The control contained DMSO of < 0.02% (v/v). After 24, 48 and 72 h
incubation, the drug-containing medium was replaced by 50 pl of fresh medium,
and cells in each well were incubated in 50 pl of 400 pg/ml MTT for 6-8 h, The
medium and MTT were removed later and 100 pl of DMSO was added to each
well and to the control, to dissolve the soluble components. Absorbance at 550

30 nm of the solutions was measured with MRX Microtiter Plate Luminometer



Table 2. Cytotoxic ty (1C50) of the organic solvent extracts of Angelicae
AS-A (jig/m) AS-C Wnp AS-H

si nensi s

(jig/m) BP (11g/nD A549 90-110

(53.2 -

, and BP on different cel

79.8 MV) J5 70-90

15

i nes

8-12 (42.6 -

-12 -

63.8 RM) AT12 100

{(DYNEX, USA). The absorbance of untreated cells was considered as 100%. To

evaluate the effects of the extracts or the active components on cell growth rate of

GBM cells, 5 x 10° exponentially growing cells were treated with different

concentrations for 24, 48, or 72 h. The cytotoxicity of each test substance was

determined as an ICsp value, which represents the drug concentration required to

cause 50% inhibition. All experiments in this study were performed in triplicate,

Table 1.

solvent extracts, BP and its derivatives on different cells lines.

Cytotoxicity (ICsq) of the different Angelicae sinensis organic

Cytotoxicity, ICsq

Normal Cells Cancer cells

HUVEC | HDF Caco-2 MCF-7 RG2

Extract AS-A 91.85 > 100 > 100 92.06 6.83

(ig/ml) AS-C 44.19 85.08 5117 > 100 7.22

AS-H > 100 66.55 > 100 62.42 30.49

ap > 100 300 > 20(>106 > 20 1.4
(>532uMD(1596 pMD] M) (>106pM) (74510 M)

> 100 > 100 > 20
BP-E form|(>532uM)] (532 (>106uM)

M)

BP-Z form > 100 65.25 > 20

(>532uM)| (347uM) (>106UM)

HUVEC: Human umbilical vascular endothelial cells
HDF: Human dermal fibroblasts

Caco-2: Human colon adenocarcinoma

MCF-7: Human breast carcinoma

RG2: Rat malignant glioma

10-15



15-20 (79.8- 106.4 R M HCTI5 80-100 25-30 (133.0 - 160.0 RM HT-29 21-94
20 30 15-97 (79.8 - 516.0 RM CLI-5 29 22 28 >100 (>532RM ) DBTRG O05MG
40-110 44 >400 7-10 (37.2-53.2RM ) GbT/ VGH 50-223

- 13-

Table 2. Cytotoxicity (ICs) of the organic solvent extracts of Angelicae sinensis ,

and BP on different cell lines

AS-A | AS-C | AS-H {BP

(hg/mb) | (ug/ml)| (ng/mi) (ngfml)
A549 | 90-110 8-12 (42.6 - 63.8 UM )
ATI2 100 10-15 (53.2 — 79.8 uM)
15 70-90 15-20:(79.8 — 106.4 UM)
HCTI5 | 80-100 25-30 (133.0 - 160.0 uM)
HT-29 | 21-94 20 30 15-97 (79.8 - 516.0 uM)
CLI-5 29 22 28 >100 (>532uM )
DBTRG- 7-10 (37.2-53.2uM )

40-110 44 >400
05sMG

G5T/VGH: 50-223 | 46-60

Ni8§ 111 35

BCM 300 142 | >400

HL-60 367 173

RG2 35 30 1.4 (7.45uM )
SVEC 76 86
Balb/3T3 38 >400 | >400 >300 (>1596uM }

A549, AT12: Human lung adenocarcinoma cell lines
5 (AT12 and A549 are taxol-resistant subclones)

I5: Human hepatoma cell line
HCT15: Human colon adenocarcinoma cell line
HT-29: Human colon adenocarcinoma cell line
CLI-5: Human lung adenocarcinoma

10 DBTRG-05MG: Human glioblastoma multiform cell line
G5T/VGH: Human glioblastoma multiform cell line

NI18: Neuroblastoma



46- 60 N18 111 35 BCM 300 142 >400 HL-60 367 173 R& 35 30 1.4

(7.45RM ) SVEC

- 14 -

BCM: Human breast carcinoma

HL-6{: Human promyelocytic leukemic cell

RG2: Rat maglinant glioma

SVEC: $V40 transformed mouse fymph node endothelial cell
5 Balb/3T3: Mouse fibroblast cell

Table 3. Test results of ETS-1, MMP-2, cell migration and tube formation of

16

20

HUVEC
Inhibition
RT-PCR Migration Tube
ETS-1 MMP-2 Formation
Extract AS-A I 1 30 30
(1g/mb) AS-C 30 30 I 10
AS-H 100 100 30 10
53.13 159.4 531.3
Br (282.6 pM) | (847.9 uM) (2826 pM)
BP-E form 159.4 — e
BP-Z form 159.4 531.3 159.4

Both the n-butylidenephthalide (BP) and the Angelicae sinensis extracts
(AS-A. AS-C, AS-H,) generally displayed a lower value of ICsg to a number of
human tumor cell lines (Table 1 and Table 2) in comparison with the normal cells
(HUVEC and HDF}.

human brain tumor cells. BP was also cytotoxic to two taxol-resistant human lung

BP, in particular, exhibited strong cytotoxic effect on

adencocarcinoma cells, a human hepatoma cell and two human colon
adenoccarcinoma cells

The ICsy of AS-C and BP to brain tumor cell lines were 35 ~ 60 pg/mi
and 1.4 ~ 10 pg/ml, respectively, while those to the normal cell fine (HDF)
were 85 ~ 300 pg/ml, ( p < 0.0001).



76 86  Bal b/ 3T3 38 >400 >400 >300 (>1596RM ) A549, AT 12:

Human | ung adenocarci noma cell lines 5(AT 12 and A549 are taxol -resistant
subcl ones) J5: Human hepatona cell |ine HCT15: Human col on adenocar ci nona
cell line HT-29: Human col on adenocarcinoma cell line CL 1 -5: Human | ung
adenocar ci nona 10DBTRG O5MS Human gl ioblastoma nmultiformcell |ine

05T/ VGH: Human glioblastoma nmultiformcell [ine NI 8: Neuroblastoma -14-
BCM Human breast carci noma HL-60: Human pronyel ocytic | eukem ¢ cell R&:
Rat maglinant gliom SVEC. S¥40 transforned nouse | ynph node

endot hel i al cell 5Bal b/3T3: Muse fibroblast cell Table 3. Test results of
ETS-1, MW-2, cell mgration and tube formati on of HUVEC I nhibition
Among the normal cells, the vascular endothelial cells (ICs) = 44.2 + (0.1
Ug/ml ) were more sensitive than fibroblast cells (ICse = 85.1 yg/ml) to AS-C (p
< (.05).
The inhibition effects of carmustin (BCNU) and Taxol were also tested
5 and compared. The results showed that GBM tumors were not semsitive 1o

carmastin (ICso> 100 ig/ml) but DBTRG-05MG and G5T/VGH GBM cells were

sensitive to Taxol (ICsy = 61.0 £ 3.3 pg/ml] and 1Csp < 0.1 ug/ml, respectively).

However, Taxol induced a very high cytotocixity (ICso < 0.1 pg/ml), which is
much greater than that induced by AS-C and BP, in vascular endothelia cells.

10 After treatment with AS-C or BP, the GBM cells (DBTRG-05MG) were seen to
be detached and floating in the media at different points of time within a 72- hour
period of observation. The extent of GBM cell detachment and flotation was
found to increase with time, and with the increase in dosage (in the case of BP
when an observation was made at 3 hour) .

15 The GBM cell detachment and flotation after treatment with AS-C or BP,
can be attributed to morphology change in the tumor cells.

In the above experiment, BCNU (carmustin) was used as the system control.
EXAMPLE 2: AS-C and BP enhance the cell cycle arrest at G¢/G; phase in
GBM cells

20 Brain tumor cell lines DBTRG-05MG and G5T/VGH were cultured in the
growth medium with a diluent. For each test and control, DMSO was added, and
the content is less than 0.02% (v/v). For the AS-C and BP treatment, 70 ug/ml of
AS-C and 400 uM of BP were added, respectively. All were cultured for 48 hours,
The analysis of cell cycle distribution was performed by DNA staining with

25 propidium iodide (PI). Briefly, 2 x 10° adherent cells were detached by
trypsinization. The detached cells and the floating dead cells were centrifuged
and washed twice with 10 ml of cold 1 x PBS (Life Technologies, Inc.).
Supernatant was aspirated, cells were re-suspended in 0.8 ml of 1 x PBS, and
then 200 pl of P1 sotution (50 ug/ml PI + 0.05 mg/ml RNase A; Sigma Chemical

30 Co.) was added, and the cells were refrigerated at 4°C overnight. The cells were

incubated while protected from light at room temperature for at least 2 h before
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DINA analysis. After staining, DNA was detected and quantified on 20,000 total
cells using a FACScan (Becton Dickinson Immunocytometry Systems, San Jose,
California, USA) and CellQuest analysis software. The Go/GG) phases were gated
in M1 (x2); G2/M phases were gated in M2 (x2); the total cells were gated in M3;
5 S phase was M3 - (MI(x2)+ M2(x2)); Sub G1 phase (apoptosis cells) was gated
in M4,
The cell cycle analysis demonstrated that both 70 pg/ml of AS-C and 400
UM of BP enhanced the cell cycle accumulation at Gy/G; phase (> 90%) in GBM
cells. Figures la and 1b showed that both AS-C and BP enhanced a significant
10 Go/G| phase arrest with a concurrent decrease of S phase after treatment for 12
hours to 48 hours (p < 0.05, p < 0.005).
EXAMPLE 3: AS-C and BP induce GBM cells apoptosis
Apoptotic cell death was analyzed using In Sire Cell Death Detection Kit,
POD (Roche, Germany). Changes in DNA chromatin morphologic features were
15 used for quantification. The procedures were performed in accordance with the
manufacturer’s instructions. Briefly, cells were cultured on culture dish and
analyzed 72 hours after treatment with AS-C (70 ug/ml) and BP (5 ~ 800 pg/ml),
respectively. In AS-C and BP-treated groups, the suspended cells were collected.
In the control group, adherent and floating cells were collected. Then, the cells
20 were fixed with 3.7% formaldehyde at room temperature for 15 min on saline
coated slides, washed once in Ix PBS, and incubated in cold permeabilization
solution (0.1% Triton X-100 + 0.1% sodium citrate) after reducing activity of
endogenous peroxidase with 3% H20.. The cells were washed with Ix PBS

again, and incubated with terminal deoxynucleiotidyl transferase (TdT)-mediated

25 dUTP nicks labeling (TUNEL) reaction mixture for 60 minutes at 37°C. Then,

the cells were washed with 1 x PBS, counterstained with propidium iodide (PI)

for cell counting. For quantification of apoptosis, the results were viewed under
fluorescence microscopy (Nikon, Kawasaki, Japan).

When compared to untreated cells, almost all detached GBM cells in the

30 AS-C and BP-treated groups were found to have undergone apoptosis . The

apoptotic cells with AS-C weatment were detected by fluorescence microscopy
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(400x}, with fn Situ TUNEL staining and propidium iodide cell counterstaining,
and observed under light field. . Likewise, BP induced apoptosis in GBM cells
was assessed by TUNEL method and using propidium iodide as a counter stain.
The GBM cells were exposed to BP (5 to 800 puM) for 48 hours before
assessment. The results were shown in Figure 2. It was found that as compared
to the untreated cells (control), the apoptosis rates of GBM cells in the BP
treatment group, were much higher.
EXAMPLE 4: AS-C and BP induce apoptosis through the activation of
multiple pathways

Western blot analysis of apoptosis molecules

DBTRG-05MG cells (human GBM cells) were treated with AS-C (70
ug/ml) for 0, 6, 12, 24 and 48 hours. In another test, DBTRG-05MG cells were
treated with BP (400 uM) for 0, 1.5, 3, 6, 12, 24 and 48 hours. The cell pellets
were re-suspended in Fysis buffer (10 aM Tris-HCJ, pH 7.5, 1 mM EGTA, 0.5%
CHAPS, 10% (v/v) glycerol, 5 mM [-2-mercaptoethanol and 0.1 mM
phenylmethylsulfonyl fluoride) and incubated on ice for 30 min, and then
centrifuged at 13000x rpm at 4.} for 20 minutes. The protein concentration of
whole cell lysates was measured with BCA protein assay kit (Pierce, Rockford,
IL) following the manufacturer’s instructions. The cell lysates (20 pg/lane) were
electrophoresed on 10-12% SDS-PAGE (Bio-Rad, Hercules, CA). Proteins were
transferred  to  polyvinyldenefluoride (PVDF) membranes (Amersham
Lifesciences, Piscataway, NJ). The membranes were masked for 1 hour at room
temperature with 5% skim milk as the blocking agent, and incubated with the
respective antibodies of Fas (FL-333), Fas-L (C-178), caspase 3 (H-277), caspase
8 (H-134), caspase 9 (H-170), Bax (B-9), pl6 (F-12), p21 (F-5), p53 (DO-1;
1100 dilution) (Santa Cruz Biotechnology Inc., CA, U.S.A.), phospho-p53
(Serl3; 1/2000 dilution) and phospho-Rb (Ser795; 1/2000 dilution) (Cell
signaling Technology, MA, USA) for 2 hours at room temperature.
Antibody recognition was detected, by incubating the membranes with the
respective anti-mouse, anti-rabbit, anti-goat IgG secondary antibodies (1/1000
dilution; Santa Cruz Biotechnology Inc., CA, U.S.A.) coniugated to horseradish

peroxidase, for I hour at room temperature, and visualized with the ECL Plus

531.3



- BP-Z form159.4 531.3 159.4 10Both the n-butyli denephthalide (BP) and
the Angelicae sinensis extracts (AS-A. AS-C, AS-H.) generally displayed a
| ower val ue of 1C50 to a nunber of human tunor cell lines (Table 1 and
Table 2) in conparison with the normal cells (HUVEC and HDF). BP, in
particul ar, exhibited strong cytotoxic effect on human brain tunor cells.
BP was al so cytotoxic to two taxol -resistant human | ung 15adenocar ci noma
cells, a human hepatoma cell and two human col on adenocarci noma cells

The 1C50 of AS-C and BP to brain tunor-@ell lines were 35 - 60 jig/nl and
1.4 - 10 jig/m, respectively, while those to the normal cell line (HDF)
were 85- 300 jig/m, (Pc 0.0001). - 15 - Anong the normal cells, the
vascul ar endot hefleEtluBiagseaicq pxssty cmgmhan, Aylingigig Heighty. Kebr donpiréMsensi ti ve
t han fi brobl ast &ﬁlrbls SDS@@@E—geB5f01 etdrnyle@ambl@ %egre()@ecKQnQﬁﬂhcate The
i nhibition effects of rrusti n %tB%k% k) ver e al so test ed 5and
conmpared. The resﬂlfafm“g oWel 14 ?’Tjrfqﬁ?é evx?é)f“éo 5t VE T Wt

carrmusti n (| C50>cub@@ssjeibipenily oth@lthDBiTR@d@)@Wsachldﬁhmﬂb(BM!’@@M)/S Were
sensitive tosTaxgd m{ bfaOwr z@ﬁ%ly%d b? dghsltén% @Jhdcs*ﬁé%—?)ocﬁgra?edhﬁa%@

respectively). However, Taxol "1 ndiuced a ver totocixity (1C50 < 0.1
jig/m), which i BeisiiRmete(@updy Qnnaf Srparas: E@e sltesheed BB, i n

VaISICU| <(31r endot hekga segexlficsntiy uﬂcQ:ae% F@gx;&ésﬁﬁﬂi ﬂfﬁmM\MI& ln BS56C0n bBBot t hg GBM
cells (DBTRG 05 seen.to, pbe ache medi a at
di fferent point NP%TL )?pheé"“\)/ﬁ t K ﬁddléjflo’?’zg’e F?S%V?tl%le?fdg'ﬁ dS?tlg 6??2%‘?’\}%1 ufec?n The
extent of GBM cebfopidet-ablivntpaand $ds ohaftbroh VB ®olndhdiceted nier eflgse Wit h

time, and wigh t mﬁouhm %&gask R w0808kt ind D8 LRSS AL BPCWISRAN
observati on was nade
whereas the amount of the activated caspase-8 wes greatly increased at 6 h after

AS-C treatment (see Figure 3a).
The phosphorylations of p53 and Rb proteins were monitored and the
results showed the AS-C increased phosphorylated p53 protein at 6 h after

15 treatment. Furthermore, the amount of total p53 protein was increased as well at
6 h and then gradually decreased. However, phosphorylated Rb protein was seen
to decrease at 6 h, and became undetectable at 12 h after AS-C treatment. These
results indicated that AS-C could trigger the cell cycle checkpoint machinery.
The amounts of p16, p21 and Bax in AS-C ueated GBM cells were consequently

20 measured and all of these three proteins were found to increase after treatment
with AS-C (see Figure 3b).

Finally, the activations of procaspase-9 and procaspase-3 were also
determined. Both procaspase-9and procaspase-3 were highly activated at 6 h after
AS-C treatment (Figure 3c¢).

25 In the case of BP, the results showed that BP 400uM greatly increased the
expression of Fas (from 5.2 times at 1.5 h to 27.9 times at 48 h), while
suppressing the expression of the Fas Ligand on the GBM cells (see Fig. 3d).

It is also observed that BP enhanced the activation of caspase 8, which
was increased to 137.9 by the 48 h, while procaspase 8 declined (see Fig, 3d).

30 The study of the role of mitochondrial pathway in BP-induced apoptosis
showed that BP induced Bax and AIF expression, which increased to 16 times

and 2.4 times respectively, by the 48 h, and activated caspase-9 by 25.8 times at



15The GBM cel |l detachnent and flotation after treatnment with AS-C or BP,
can be attributed to norphol ogy change in the tunor cells. In the above
experinment, BCNU (carnustin) was used as the systemcontrol. EXAMPLE 2:
AS- C and BP enhance the cell cycle arrest at Gs/GlL phase in GEMcel |s
20Brain tunor cell lines DBTRG O5MG and G5TNGH were cultured in the growth
mediumwi th a diluent. For each test and control, DVSO was added, and the
content is less than 0.02% (v/v). For the AS-C and BP treatnment, 70 pg/m
of AS-C and 400 pM of BP were added, re¥pectively. Al were cultured for 48
hours. The analysis of cell cycle di stri buti on was perfornmed by DNA
staining wth 25 propl di um i odi de 25\ Briefl 2 x 106 adherent cells
were detached by™#paiil If%ﬂai’péﬁgéi’ﬂé‘e‘ﬁ tedihatl CatPrs-3ard FhestYdat i ng dead
cells were centrmfmtg@da%%%ﬂsh@ﬁ%d&@@(ﬂ\g’ﬁl 10 rri of cold 1 x PBS (Life

Technol ogi es, Inc. u wer.e r uspended in
0.8 mM of 1 x PBS, an??‘“’ Ji 2‘36 ol ® Fq‘li%c{c ut“’% %Ed“d“""/jrﬁm ~1- 0.05
mg/ M RNase A Sﬂgn’ﬁi D 1@@@8@@@3 P} gl @dgeesiondivd 4 Bé awkl.] gmeser e

refrigerat edsat AGakehal abls n TNRGGRILSIYET BoloUbakey swikleypot ect ed from
light at roomtenperature for at | east before DNA anal ysi s.

After staining, E)NN%@“ﬁéﬁ‘@dﬁe&“%ﬁ%%ﬁ@w&ﬂﬂé@“m Ogores $t*dlh cel |'s using
a FACScan (Bect oFipl Ii:fb(l mgnth M&C&hﬁ[@ﬁﬂa}’coﬁ&@ﬁﬁm,smsﬂﬂh BgseppCal i forni a,
USA) and Cel | Quegt anal ysis ft T. re gated in M
(x2); GSM phases Were ga b Creagea WE@(C%?) ﬁgﬁ‘gﬂﬁsgp alnd%ﬁl ‘were gated in MNB;
5S phase was M3 - ( M x@)cluslmz(wczwyoxlzsgbcl@naqshas@i capoppagiss scmbll s) was
gated in M, tlans&%ngﬁlhhaﬁx%u@edﬂé}aﬁ# Shels, dBRRRSLLAIR e dnDALepRRt D 70 ji g/l
of AS-C and 400 p. M anced t'he cell cycle accumul ation at Go/ G
phase (> 90% i n"emiprdar!ed cetexslprad™ig and | b showed that both AS-C and BP
enhanced a si gnltxngk@Gﬁ{;rﬁlstm@se arrest with a concurrent decrease of S

phase after treatnen 1 5 0 005) EXAMPLE
3: AS-C and BP i nduc%h C%t{ﬁ &L rgtu(;%g Siﬁgﬁ%u&&cg% lbg’é‘ﬁa’égg ““feat h was

anal yzed usi ng |wedSintapin@b¢xperDeats o Detiecthe oni-thinér, aclPODs @R@S:b:apd B2r many) .
Changes in DNA chyremaid i 2 Barhogl %afe%&w uvsﬁffc@uow éwe%&t)f“@;e

guantificati on. The procedures Viere perf orned in accordance with the
manuf act urer' s i théainedcirapiptiont iLabqrgory ctimg Geyss daptiudfeaon A&l ture di sh

an;j ng;]al yzed 72 }b’}@iléﬂl&eslafv\feQrSp&]f&iﬂ%mtco)ﬂbﬁdﬂceg@m@ né0 S{ﬁ&famﬂ-bp@iﬁﬁi’mgpd( 5 |-| 800

ny , respectiyely. | - C an ate e S ended cells

were col | ect ed. }?/rﬁce%{lﬂg’ %otﬁ? Hc)éora&r% lma!igﬁg?’e%t Z&#@ Pf”éﬁf‘iyn@@w’l s were
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t enperat ure,f or i | x PBS, and
2f l%l%:a%r? a8y %ﬂé 'D%?R%Qﬁ ceﬁl (l‘fl!l?% GB%J#}“ d N X&i%gat

i ncubated in cold perireabilization solution 0.1%
sodium citrate) %?Méwe‘igé‘ﬁ%"rdrf@ PR Pige repostits ertielABSS. frepesiciase with 3%
F1101. The cell stmsech@ 0W,th | x PBS again, and incubated with term nal
deoxynucl ei ot i dy transf e g’gp medi atl&)}Y lg UTP ni.cks_ | abeling (TUNEL)

reaction m xtur e HgHm 8'51 ISteF RHanegys injegilopn e hed with 1
X PBS, count er stsarvied ra a:hi tpmopsiz:éloﬂmts wdiigesupRitYnebor GRMItimeount | ng. For

quanti fication of ap@g @gl ;s,F3¢;4hgat ;q§u!“10 MEEE (gv\%%g) ynder. . @an&r escence

m croscopy (Ni kon, npared to untreated
cells, al nost alﬂub%@tlwﬁEdDﬂGBM bask | with Axt0h eRGDASIC “&!ndanBPﬂs r eégteed groups

wer e f ound to hayg;spder gp@@bcﬁ-@%ﬁoﬁjétwn Ihﬁ; with AS-C (500 mg/kg/day)
(treatment group), or with the vehicle (50 mg/ml propylene glycol and 100 mg/ml

Tween-80 in distilled water; Standard Chem. & Pharm., Tainan, Taiwan) (control

30 group), at a spot distant from the inocutated tumor sites (>2 cm), on day 3, 6 and

9, after tumor cell implantation. Tumor sizes were measured using a caliper and

the volume was calculated as L x H x W x 0.52. The animals were sacrificed



apoptotic cells with AS-C treatnment were detected by fluorescence

m croscopy - 17 - (400x), with In Situ TUNEL staining and propidiumi odi de
cell counterstaining, and observed under light field.. Likew se, BP induced
apoptosis in GBMcells was assessed by TUNEL net hod and using propidium

i odide as a counter stain. The GBMcells were exposed to BP (5 to 800 pM
for 48 hours before 5 assessnent. The results were shown in Figure 2. It
was found that as conpared to the untreated cells (control), the apoptosis
rates of GEMcells in the BP treatnment-#roup, were nuch hi gher. EXAVPLE 4:
AS-C and BP induce apoptosis through the acti vati on of multiple pathways
10West ern bl ot anﬁl ysi s of apoptosis rpol ecu DBTRG 05MG cel I s
(human GBM cel | s Y/ SUEVRTYPlae BYicsipd 4 SRS t}(e7d©y Pf sgoridiey wesgpsuped g the12 - 24 and
48 hours. I n anofi@surtiestsy iBkRENOBM) cells were treated with BP (400 pM

for 0, 1.5, 3, 6, 12424 8 IS~ . The ets re re-suspended
in lysis buffer (10 nRﬁ cﬁ”ﬁ%% d,tﬁagﬁs% %?a%mrclﬁ\‘}f’ééﬂmﬂ“g}g\ﬁo cf PS, 10%
(v/v) glycerol, 5 mMolgoRthrider aprwet vathdhe whehid@, (qontriv) proem(d a8ORy| sul f onyl
fluoride) and Ine@etedT%v%getm&&Qam@z@@gl,éobanl §§rﬂifro;{h99£q @at 13000x
rpmat 4 for 20 mnutés. The protein contentration o e cell | ysat es
was measured wi t BoBCRd gl St hemderaye kdatmepRirenpcspe®aelkf Surelivaljof yaust ol | owi ng

t he manuf act urer jyshd RSN HGkd %% wlm bidiy | Y3 &S cdifreli vkl vRe), Were 20
el ect rophoresed on 10-12% SD! FPA |o- é) Hercul es, CA). Proteins were

transferred to p&F§ARVYe %ﬂ)‘i‘%yﬂ‘é’ 30PYDR) < Hﬁ%?@?ﬁ’ééﬁ X-Aner sham
Li fesci ences, Piscat mmod&wsoomgmﬁa@a@sxua@&eofmee dfu@rrelaledhour at room

tenmperature with 5% sk t he bIockln ent bted with the
respective a}rglmt i bté’(’fi’ic‘@%S ‘?re nh?”(e%ll“ Pa5yts apgyd Tge(‘%q’l‘?%)m a%‘Jp (H277),
caspase 25 8 (HwdiBdygndbaspasd aﬁhl)(slfsmﬂ_mey];al Begaws.(B-9), pl6é (F12), p21 (F-5),

p53 (DO0-1; 1/100gdi. ) ﬁﬁn e US A),
phospho- p53 (Serl EL H’% Jétgj(;ocs %‘i?von @A‘%}@%ﬁ&ﬂ%s@% @nﬁ‘?f;‘%gﬁi?szooo
dilution) (Cell SIiegWali i by Teteshpraltonsyl mmkmn oSt thgpr szzemfjW@ baaringoom

tenperat ure. Antivbadyncb@aReRLIGEM wgs detected, by incubati ng t he nenbranes
with the 30 respectjve anti -nouse, antl-rabblt ant | - goat %& secondary

anti bodi es (/ 1000 a5 PIgR %%faupe%ﬁgrww@enﬁaﬁawyw it 5 U S A)
conj ugat ed t o hobBERGUFEL P& Anei dcaﬁe;,texfe@nmlAbmy(ﬁ p.adno meaupdeppeat ure, and

visualized with the ECL Pl escence system Anmer sham
Arlington Heights) ?qﬁ)wglg%&y)sﬁrﬁeéwmbc‘ nFP day g]ﬁ PREE GEwplagiygie flevery t est
sanple, were pre”ﬁamoedzeiswectumﬁdsthle;ngaommmandmgvdzlilrree sandcarsiunt. xof protein;
and the control |y »Stained wth c sie blue. The ot el was used
for Western Bl ot %na%ﬁ%m tér%a‘flmal&l“ﬁetlesacr ice @H%m?womﬁwe’éfeed\?\ggﬁ%ogal yzed by
densi t omet r §0 wi t hmain0Bc8OB! B Hivinf atesiticel mg&sn@emmm fimhetre! ¢@iantity One
4.0.3 software; @i QnRRad). The results showed that AS-C significantly

i ncreased Fas expression of GBBMcells (1 to 159 fold) but not Fas-L
expressi on. | n addit Fsnresuithahoyet | hatthasn "oF dgdicas appprssgerptioPinduced

apopt osi s-rel at egiomasmanses =B 1. WASOOBke) @keas- CIhG(SD@Sigfktgﬁtrda&dIgﬁ)albsed that the

10 anount of procaspase-8 s on sl i i.ncreased at. 6 after AS-C
{reatmont  wher CAUPPRL AHBURBr: VA e Ui U bREpabsT il Breat

i ncreased as 6 hat dft BrweASI4CotrIcal nernitn hseaudiggup,29348).25.3 mm® nil'he

phosphot yl ati ons g pr ot ei nonil. t resul ts
showed t he AS- CCltngcr(easme‘gz(g hﬂ)ed ‘ouf}f‘éi?légfwgg4ﬁ"bt”e8%%g - %ﬂ% er

treat ment. Furt Hepkdgeyp. t"lher@ami‘mnatesmwntlmfrahw%B protei n was |ncr eased as
vel | at 6 h and flaermii Bl oSS KCRRRfstold e Yicu ADAR RRGLh Ahed RO
protein was seen to decrease at , became undetectable at 12 h after
AS- C treatnent. t#ﬁég@rr%mfﬁgmlbﬁﬁ"@dﬂéﬂuﬁ%ﬂ trgintesutraniek 3llgeenic t he cel |
cycl e checkmoi ntGemg hi nery The amounts of p16 p21 and Bax in AS-C treated

GBM cel I s were conseguent | of these thr roteins were
found to increase af ytto?o 15 ﬁ%cﬁf’ﬁ%g ?hO“A%S'@ 8 Wﬁ*—’ld&ﬁ‘f’enﬁb“fﬁ%& Fi nal |y,

t he activati ons cefis. ﬁ!’ﬂ@wspase}tgoamdp%aﬁlema@psa@eu@lmﬂec aktsgurdetidr mi ned. Both
procaspase- 9and procaspase-3 were highly activated at 6 h after AS-C
treatment (Figure 3c). 25In the case of BP, the results showed that BP
40012M greatly increased the



expression of Fas (fromb5.2 tines at 1.5 h to 27.9 tinmes at 48 h), while
suppressing the expression of the Fas Ligand on the GBMcells (see Fig.
3d). It is also observed that BP enhanced the activation of caspase 8,
whi ch was increased to 137.9 by the 48 h, while procaspase 8 declined (see
Fig. 3d). 30 The study of the role of mtochondrial pathway in BP-induced
apopt osi s showed that BP induced Bax and AlF expression, which increased to
16 times and 2.4 times respectively, by the 48 h, and activated caspase-9
by 25.8 times at - 19 - the 48 h mhllezprocaspase 9 declined (see Fig.

3e). Caspase-3 was al so observed to |ncrease whi l e procaspase-3 declined
(Fig.3d). Q @ %% f the role of cell cycle pathway in BP-induced
apopt osi s showed’ tRARBPCY n@@é&@%ﬂ”ﬁ%ﬁgCﬁfﬁmﬁﬁgmﬁi@‘@WHF%§§F8ﬁ4by 1.4, 2.3

and 3.1 tines 5srespeact hﬂéeiuyhoﬁtfeiitnlﬂﬂar(k&ohl Thrhor abigRed MGd Rasaed PE3
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Rb phOSphOI’ yl at | gayncugteggy %%mt ﬁ’ltRI ﬁ?enzrgl Iﬂeu ;lggwdconslgg_%A%ggP 5&88 andl es used as
an internal cont F@Emg reagpahility s‘tlxxﬁyLXI h8, FGgle@g ElgPcnd§scesen Ush)decr ease al so
cdk2, cdk4, e¢dkbpgaiki P alu @Q}grap%LﬂitQIe(PﬁaliehnTg@%l uﬁth cﬁ@w%lgeorl ze a

schenatlc nodel of the apoptosis signal 10transduction i nduced by
BP stress, whi cha“(?ﬁ!??é‘Fegt%“%?hl‘ﬂfédiyﬁraﬁee(é@btné’r“ﬂ }n“’t'/é%bnd:lui‘“&P“ab Icell cycle
pat hways. EXAMPLEaiving Ak b@ldudgddudihsfast spin eéﬁb&cwmﬁﬁichﬁsxﬁénadeqm and

DBTRG 05MD cel I's, (hu re us in a erl nts to nonitor the
anti-tumor activi'tl écgqg 165\%@1@ A wﬁb&%o cl\/a\ g%é %‘(?ﬁff %60 g) and
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Labor at ory '?tﬁ“ n‘axleso%grq &hs éOT p%tvent)-rr alcx\éa%)ch l'g‘l %&C?glél r()@t%lﬂ&ﬁe[v@rgper formed in

conpliance wth the Standard Operation Proce ures of the tory Ani mal
Center of Tzu Chl9i§ﬁ¢09€>rf§u5t%/m@H@afpif@ﬁlraWal wan). Animals were kept under

pat hogen-free condi t$19ﬂ§caﬁtrﬁéclfn@sdof5¥m§$r%ﬂﬁa@qln 1%9 ltr@:*?éar u@rv)éiedéb%wed-rhe
DBTRG 05MG cel | s, re prepared for nude

ells (ra
n ce xenografts 5&8%%&%@&% ed W’@k‘ﬂ%i’:‘t“i"ﬁ@l %fOUPIf'EbF 0;5@ Eispiedat ed group

Experiment 1- Ef’fteclﬁeal(i)fumé&(ﬁn&@md}ySﬂeﬁcﬂﬁyb&WSMbﬁmeﬁAﬂ&ldl1|26EGt| on on the
survival ra tumr size rats bgﬁ g% sqbcut ane us GBM tunor 25

Syngeneic F 44 r '™ nt‘%"ﬁ?"ﬁ@ﬁ‘?‘@@“‘i MRe AR Tompt ﬁP‘é‘H"‘sAusbcut aneously

on the back withCteaxd@®uf02 cells. The animals were adm nistered by

subcut aneous i nj I: ejth 1 )bl i eatrent group),
. .%%Eélllr?%& !l gytog):’x chli/efe rt;eAég F‘,S%d 1553%(118% sug

or with the vehl._ ] neﬁuween 80 in
distilled water; ms'stmdfartue @h@nﬁm‘&ﬂflﬂh@rmﬁrmgﬁanmﬂ; hlifmmﬂélﬁm tfmgentrol 30

group), at a spot dlﬁttﬁmex,a‘enﬁaémttmmm% Mt YR,y Sid Bfel g2 £M . on day
3, 6 and 9, after tunor cel CO&&*F) antation, Tunor sizes were neasured using

a cal i per afld t RERY dndinidls IR, RS FUEgical) SEpieYAk . BP0 Hem APl s wer e
sacrificed - 2ceepmbienptivbimor vol une exceeded 25 cnB and the day of

esul 15 showsd that e Pokpie B TREE ekt roBho FRPBIFT S effect on
tunor growt h whem ttobqoly efchudd tivet Hide umtor-batieg mice onrte oda)ed grititsrglep < 0. 05)
dose of AS-C (500 mg/kg) or vehicle (s.c.) only when the tumor volumes were >
25 250mm”*. The mice were sacrificed to determine the cytotoxicities in tumors by
H&E tissue staining at day 10 after treatment of AS-C. The tissue sections were
observed and photographed under light microscope at magnifications of 50x and
400x.
The phetographs of histology analysis showed that AS-C had induced a
30 nuckeic degradation, a cavity cytosol and tumor cell death in the tumor cell mass.
In contrast, the control tumor were growing very well and the cytotoxic effects

as seen in the AS-C treated group, were not found in the turnor mass,



5 (Figure 4). The average tunor size at day 26 was 20.7 1.5 cnB for the
control group and 11.5 0.7 cnB for the treatnent group, respectively.
Survival of rats in the AS-C treated group was significantly prol onged,
conpared with those in the control group (40 2.7 days vs 30 2.1; p
<0.0001) (Figure 5). Wth a dose of 500 ng/ kg subcut aneous
injection of AS-C, no drug related totoxicities were observed in the rats
as evidenced by the results of the body wei ghts and hi stol ogi cal anal ysis
of the vital organs. Experiment 2 - Comarative effects of AS-C

adm ni stered by subcutaneous injection and by intra-peritoneal injection on
the tunor size of mce bearing subcutaneous human GBM tunor 15Nude mice, in
two groups (6 | gFBdB)ireatgd 2P pl anted s.c. with 5 x 106 DBTRG 05MD cel | s,
and adm ni st er edExgietinekSt- crmas rof) /1Y el atyacradd Q.4 )Srat . allo@@icegingg/ day) or
vehicle (s.c.) Ot’?;mof‘ m%&f Lurmr cell inplantation. Tunor sizes were
nmeasured using a cal’l per ant e volune was calculated as L x HxW 0.52.
The ani mal s were sacThefratsedtw/rmpi @reorpvedre implased éededatdr@OO:2DAM in m ce,
and the day of Sﬁ)@'izbfz'cﬁﬁ A’r\@%n@&ﬁlgr&%ﬂe@@u e 3hd Ha?kgﬁz}% yl \)’eﬁl'cle%ymf or the
animal s . The resu ts's‘howe hhere were~si'gni fi1cant suppressions
of tunor growt h FhhiphBanhgepniafigs o gg mraktgt)onah@msi% Land 8 fosf9® g/ kg)
treated groups cogRasedumbrt fbldhewinhERate thagfRuRicd mquﬁz 0@/{32)1 wakhe mean

val ues of tunor si t.. da n the control
oroun. 905 5 baeibiina iR e A e Gl BTyt PB4 ol e ding 255, 3
56.4 mB in AS- Grsgiog cabB00y (AEad)X 1.8.aahed RyrcoipWisihsiny @A)l tisicfigr e shown in
Figure 7. 10 EXprg[I; IMQ&esﬁletlzeEtvItﬁgﬁlorglfl'gé;e?40%%9/&' ?%%E@Mb%na%gﬁm aneous

i nj ection, on tunor size of rats bearin
(intra-crani al aMRbgféFﬂ”ég 3pCEBMyucted 2qith. a gasy 31&104‘?@@3“@@13!1% acgdtionr eat ed Wit h

AS- C (500 ng/ kg/damhcean “»s@hlt;s‘el ©pcBiti6n tid wilodH0d ms®, 1 .echo @AW atht er tunor
cell inplantation. Tunor vol unmes alcul ated by 3-T unit

ure
MRl (General El €BFFie MafP<EBssTas Qg\%é’,ﬂ%sg‘e fﬁlde(gﬁt?wr)’faéﬁﬁ?‘ CRegf 1Y capability
(Signa LX 3.8, Genpenakes@h@otwdsci0 Mhscdarehy,slitdSA).5imm thiclBagthivete Tzu Chi

CGeneral Hospital I n) nest ized with
chl or al hydrﬁ')gat e 6)%84 Bl mwgr%! )réT\%f f%ro& lm%Hf%g rlegér?a ay\el\ﬁﬁa@cgﬁn\’fmﬁ% was
conducted with af“ifl%rsitze&s(m‘fh)%meds@mdpﬁi%\!#ﬁaﬁdﬁa@@mgwm on sequence in which

the repetition tine nasecRHAO®GRBERE that m%reemoa tsigmca\medw%nrm%mrt he matrix
i mage was 256 by 56, h% field of view wa and t he in-plane
ebn‘s;ﬁ Xf-

10r esol uti on was’™ %%?dﬁlgﬂplab%‘g“pa’éﬁt‘?ﬁh TeBmF?ﬁﬁeq HPUKY <WEPE obt ai ned
every 19.5 secondsalfubitedGisibg MR s @8ngf 0l Eaagiunirat described atBvgiguteant decl i nes

of tunmor vol une t ed Qup were Q ;,he mage dat a,
conpared w %Oh théea&u%] urme’"anefffjl Urer%% re(e%mfdneﬁ%)‘% g’ﬁr“"é)log) h%lv@brr%?in t unor
vol unes at day IPhe amdn dialymﬂuﬁvmree al7Qhy 14.a8d rayBl Gamdle m%+44 8106 arh B in the

control group veh (%%?*L}&/ n f01 the Commp%rf)UPA%&p&maHﬁ am S C t reated

group. Experi ment fox1 ¢t Es ni s? ere y subcut aneous
i njection, on ta6B dricr mis ﬁ)ethe)BPmearei gm@rreepg:mx@)ndgkbmtagmmﬁho@M tunor In

this experinent ’thatt r?l% IQJMQP{;OIIY%SM szrlu%\f‘% t;['egtegrér(())\l/j\{a 51% d sma A reg:o%lt to
25 control group.
Experiment 2: Effects of BP on supressing the growth of s.c. xenograft
human GBM tumors in nude mice, and on the survival rate of the mice.
Animals (Foxnl nude mice) in six groups (6/group) were implanted
subcutaneously (s.c.) with 1x10° DBTRG-05MG cells, and randomly treated with
30 BP s.c. (70, 150, 300, 500, 800 mg/kg/day) or vehicle s.c. at a site remote (>2 cm)
from the incubated tumor after tumor cell implantation, at day 4, 5, 6, 7 and 8 for

all five dosages. Tumor size was measured every 2 days and tumor volume was



20simul ate a clinical condition where surgical renoval of tunor was not an
accept abl e opti on. As descri bed above, DBTRG 05 MG cells (5 x 106)
were inplanted s.c. on the backs of nude mce. The tunor-bearing mce were
treated with single dose of AS-C (500 ng/kg) or vehicle (s.c.) only when
the tunmor volunes were ?_ 25 250mB. The mce were sacrificed to determ ne
the cytotoxicities in tunors by H&E tissue staining at day 10 after
treatment of AS-C. The tissue sections were observed and phot ographed under
light microscope at magnifications of 58x and 400x. The phot ographs of

hi st ol ogy anal ysis showed that AS-C had induced a 30 nucleic degradation,
a cavity cytosol and tunor cell death in the tunor cell mmss. In contrast,
the control tunof?qiigre éP‘BWI‘ﬁ@*e\r‘éffWC%bWPeﬂdWBOfterﬁ%@eth8@00‘331% S4Bt s as seen
in the AS-C treapedthgr®upniton@rfer Habnthofen tholemot ReriicdMndn@ssal rae 22 - For BP
treated group Expe folp%géfo Efzéoeqcts of BP on intracranial (i.e.) rat

al I ogeni cs GBM t Ufro 15‘3%2 nmel'® rat. The rats in two groups (6/group)
were inplanted i.e. T@t wewéts igvedithan tBrec wei sgddicRGupBkii@s cdrdrnarandont y
treated wthsBP ér@@t@ BE ke/4da%) r&lrps yo%ﬁn’al%!i it un&e@te& gl'%udqu&qrefgl gnk region
after tunor cell antation a 6, five dosages.
Turmor vol une was< HQHE%%F | 3%'6%%“8‘&11 aac“ééf‘eb‘ﬁgff\ﬂ:ﬂf m“l\ﬂ’?lgm\)ﬁﬁbmb‘é‘l“f"b}sned with a
3-T unit (Generadiosfdle@ﬁlﬁédtc Wscon3| n USA) wi th echo-planar imaging
capability (Signa LX W scon uUsS rlefly, 10
rats were anesthetized gré“%(gﬁﬁrﬁ? Y Coﬂ‘%f‘sﬁi %“(’?ftw %? ?ﬁven ‘iéi’?ﬁ/e 180g) .
Functional M soérmtdigatwessuicdnt potodd! widchmige fviib tespiaf edhogneesho- pl anar

acqui si tion,sequenaeckiy wggp%o&g&euprtswdagwgen&eamnmmﬁoo msec, the echo
time was 102 nsec, the matrix |ma§e was , the field of vi ew was 5

by 5 cm and t heEXAMBLE e Effecippfih Gmw@@m@swﬁtwwnlmm@l pgiggant]. 5 nm t hi ck

each) were 15obt@imieenevery 19.5 seconds for 6.5 mnutes for each rat.
Finally, the whole t si ze nBd re measured and cal cul ated for each
gr oup. The $Sé?ﬁ€§{omﬁﬁsﬁﬁq‘g‘wn?%ﬁx\€here was a significant reduction of
tumor volune in the BR ttlmaattsedxctgnt@uwsma@aﬁ}tart&dmvdiﬁdd tlheewmntpeagat ed group
(p< 0.05), as Caelnﬁ;‘l{h@a!iﬁ{jph{% FJrFM% asy @eé&ﬁbe@”&imgﬁl@&u&é ARefgqdescri bed

above (Figure 8) um’in gfure represents a nean SE (*: p <

0.05; **: p < 0.%teryere ypd widZA0 B of dagrepld vélbuﬂﬁ%éiodﬂMd“anyé PEntS:-day 16 were
69.9 4.81 mB and A6, 43% AHAL! 1008410y ctbe s GRNBLherdpOdmnbiEsAECt i vel y;

o et ety iSOl S M Bt o

BP-treated groupphaduangi®lighod @Q'apﬁctfblaﬂ) 1g1§ﬁ&nt"fh9|su;ﬂfngﬂéﬁ extmtREr i ment 2
Effects of BP on supressing the growth of s.c. xenograft human GBM tunors

in nude mcey arkﬁleré)tpadhtl'f&ddel'l’pithmus:ﬁ@.ﬁ@C@IPrbrhlﬁ ABGEKit (Pierce, ARiUTAh.S ( Foxnl

nude mce) in si r-ou wer e ant subc y (s.c.)
with 1x106 DBT I\/ﬁ“’cyel“fd&' p%fo i"ol‘(i)nq y eate Wi th %(5 %ét c. (70,
150, 300, 500, 80Grgry/ky/ Bayl)amrNWeHE&] ens e, prated@essivee fobempdein( >2 cm) from

the incubated t%daﬁéet\%[h thymgﬁufﬁﬁlrérs pgmécgintlﬂtbh@fna vﬁﬁmggfythe extéﬁct 6, 7 and 8
for all five dosages. Tunor size was mneasured every 2 days and tumnor vol une

was - 23 - cal COFEREE0-S AgORBICE MRS caddeidp P 1o deagiia s isb OB E®eded 1000
mB. Tunor gr owtdn wasg nondst or @ekther 3o]f§8rmciaﬁtzdf30r trepsepn@ér sagr-i ficed. And

survival rate MEA'F&&%A%(E éAéJIOF 5? 02 I"pg gia ¥§K1 template (internal control},
0.1 pg of reverse oligonucleotide primer (RP), 2 U of Takara Tag DNA

polymerase (Takara Shuzo Co., Japan}, 20 mM Tris-HCI, pH 8.3, 1.5 mM MgCl,,

63 mM KCl, 0.005% (v/v) Tween 20, 1 mM EGTA, 50 uM each of

30 deoxynucleotide triphosphate (dNTPs), and 1.25 pCi of (y32P) ATP, 3000

Ci/mmol (PerkinElmer Life Science, Boston, MA, USA). The reaction mixtures



The results showed that there were significant suppressions of tunor 5
gromh in the BP-treated groups conpared with the untreated group (Figure
9; p < 0.005 for the 300 ng/kg group), and the degree of tunor growh
inhibition is dose dependent. Log-rank (Mantel -Cox) conparison of
survival plots given in Figure 10 indicated that the survival period of
nude m ce with xenograft subcutaneous to human GBM was prol onged up to 200
days upon treatnment with BP. EXAMPLE 7: Effects of AS-C on tel onerase
activity of human nmalignant tunor cell-#ssay for tel onerase activity by
TRAP The tel onerase activity was neasured by the nodified tel onere repeat
15 anplification protocol (TRAP) assay as described in the literature. The
pel | eted cells were ihgybed wi¥H 200 .Mbirofes hokthero hidplifys ife Iudyfler of( 10 niv
Tris-HCl, pH 7.5, 1 nM EGTA, 0.5% CHAPS, 10% 1v/v1 glycerol, 5 nmM
13- 2- nmer capt oet hasigisrasapighirOedetisiPpReatlirekiby hiDid fonyd sefdnup s9°dedr and
i ncubated on ice for 30 mnutes, and then centrifuged at 13,000 x g at 4C
for 20 m nutes. 3Ihecsdpernal-and: W®XELRGEHS DAMEHEmAURANL] (GERAD BCRPT Ot €i n
using a BCA Protein Assay Kit (Pierce, IL, USA). TRAP assay was perforned
usi ng a TRAPeze FeteonioaderkDEtnec Cb.oNoialk, (:T NS g&he TOAR piRlicshase, NY, USA)
and the procedur r h gturer’s

§ ol VR @O‘i?%o} Q\va?tnhﬁ'd&%% C?&ga%g\(é(‘mﬁdl é]ei %5”%%&

protocol. In brie e extr talni of protein
was added to 50 Eﬁ_‘\C@f i el entaimng ot mds TeoEa bl BAgS4 YQIH b@flfldcp’ggafts*f substrate

ol igonucl eotidey T EPTAMEe éeﬁwas driePiGteT SAGEAGRR Frdxposed@n nePg Of TSK1

tenplate (internal control), 1 pg of reverse oligonucleotide prinmer (RP),
2 U of Takara Ta¥- fDNAdeﬂeerRaIé@al( Radbestea, ISHRUZA) G0 minud 8@FEYr, 6 B@rsmM Tri s- HCI
pH 8.3, 1.5 MM Myd 2, 63 mM KCl, 0.005% (v/v) Tween 20, 1 nM EGTA, 50 pM
each of 30deoxyntith ¥uipieersying i s Piiaieanl (RNTRSOf thedifeh Prsop DY) ladder (732P) ATP,
3000 G/ mmlm ( Pepﬂédhfda\ir@l’queldtlf‘i@i @Cihefm&onﬁoﬁfbﬁ’ghi iMBing USAYsis sbh@aeeaction

m xtures - ‘53’3 E\ fﬁ*l % C{ m nutes and then anplified
for 30 cycl es of %FUIO@TE Se-CHE N 1'Ed et Cé’ﬂ’pfl ) anplification at 94C for
30 seconds, 59C for 30 seconds, and 72C for 90 seconds in a DNA thernal
cycler (GeneArrp PCR System 2400 Per kgnEl.mer Co., Norwal k, CT, USA). The

TRAP products were 5 resolved by 12. W V) non- denat uri ng pol yacryl am de
gel el ectrophoresis PPAGEY eﬁme%e@d@mfhﬁewa%ﬁpa?iﬁirﬁ@at@walrﬁmnrﬁe@née &, pH 8.0,

54 M bori ciaci dana@m i QU&MSEE&A ATheaigebr wass dhd &ﬁsrﬂk‘ﬂedfdxéntfﬁﬁntpaper for 1
hour and exposed_o he X-fi oches t USA) at

m nus 80C for ?HSW was CO\R]P?‘ﬁ n1°$ Wﬁgﬁ@?ﬂf@?ﬂ’a t?&%@‘ﬁ“ S“T‘H@ g’f“’gﬁ?ﬂ intensity
of the TRAP assaw,stliDMédﬂrcaniBiaﬂanJP@qw@nhmtss was quantified by the Bio-Profil

E:)O' 13925 I magi ng anaby§l §nSQIANMR R theVA2LA AenlYUhREbediOHE ML off ance) and
P described, various modifications and improvements can be made by persons

20 skilled in the art. It is intended that the present invention is not limited to the
particular forms as illustrated, and that all the modifications not departing from
the spirit and scope of the present invention are within the scope as defined in the

appended claims.



Statistics Data were expressed as the nean - SD or SE. Statistical
significance was 15 analyzed by Student's t-test. A p value of <0.05 was
considered significant. Survival was conpared by | og-rank (Mntel - Cox)
test. Median survival tine was estinmated from Kapl an- Mei er anal ysi s.

Wi | e enbodi nents of the present inventi®h have been illustrated and

descri bed, various nodifications and i nprovenents can be nmade by persons
20 skillegjigqypgge art. It is intended that the present invention is not
limted to the particular forns as illustrated, and that all the

nodi fications not departing fromthe spirit and scope of the present

i nvention,are withint ) . .as. defined in the_.appended ¢l ains. 5
aas 1170 b R iR BB ee Ofn BRACTIPE. Br Fart AR R
to treat nmalignant glioma and/or human glioblastoma. 2. Use of

n- but yl i d8hAPRERHPT enarpglighiastomauf act ure of a nedi cament to inhibit cancer
cell proliferation and mgration in malignant glionma and/ or human
glioblastoma. 3. Use of n-butylidenephthal de for the manufacture of a
medi canment to inhibit telonerase activity of cancer cells in malignant
glioma and/ drsehefabuglitetdpasihd®ior the ndagfaofur®obutnyddicharap bt hiibidearcor cdlhe
manuf acture of a medi canent to induce apoptosis of cancer cells in

mel i gnant el iQBBo PAY B dUHFBR n@ligﬁﬂt%ﬁ%&%nd/o?huﬂiﬁﬁgﬁ'@cﬁas@&ﬁ&r ding to any of
the clains 1 to 4, characterized 1 n tthat n-butylidenephthalide is to be
adm ni stered as an adjuvant in conbination with one or nore chenot herapy
drugs. 6. The use according to any of clains 1 to 5, characterized in that

n-butyl i denepht hal ide.is to be adm pistered via.oral, parental,. .or
intr a\>; enours @Lﬁfgr_l—'butylidenepgthaﬁde gor tﬂe manuteemture of a medlcarr)nent to ?nhlbit telomerase

activity of cancer cells in malignant glioma and/or human glioblastoma.

4. Use of n-butylidenephthalide for the manufacture of a medicament to induce apoptosis of

cancer cells in malignant glioma and/or human glioblastoma.

5. The use according to any of the claims 1 to 4, characterized in that n-butylidenephthalide

is to be administered as an adjuvant in combination with one or more chemotherapy drugs.

6. The use according to any of claims 1 to 5, characterized in that n-butylidenephthalide is to

be administered via oral, parental, or intravenous route.



