
I 

I 
,• 

~v 
1ltl~l'W fll111iltl 

Anti-proliferative activities of pure compounds from Diospyrosfilipendula and Diospyros cauliflora 

'W1..:lff11'il'W'Vl';i1';i'HU l!'ff..:IU'IJ 

l 6 ~.Fl. 2554 

291588 

A Ji o ti 
'Wl..:111';i !'Wfl·Hll'W..:ifl 

jf-:-p~ Cl I 31 '7lf>(, 

A CJ- oo':jqb 15 

• 
,e\ ""' rnn.1 'i fl 1 'i 

1 1 t'l. fl. 2554 

i m ..:i m ';i1'il tid1 ~i'1JYJ'W'Q11'11~'W tll';i 1iuti..:i1Ju ';j~muu~'W ';iltJ 1~ (t~'W'Q~tt~'W 'il1ni':qrn") :IJ'l111'Yltll~tJ 

\J';i'Y'll U';i~~1il..:imh~mu1 2553 



fl 

qY1i vu 5-:i f11J 1'il1ty1~u 1\91'trern9frnf :JJ~11-:i 'illfHYlJ'r1'fl\PlU1 ey'l'lirl11i\Pl\Pl-:J11r1~vi'11mn.nJ:JJ 

Anti-proliferative activities of pure compounds from Diospyros filipendula and 

Diospyros cauliflora 

~t1u1:-rw f11J 1it1 qy1fvrni1m'l"l'llt1-:imrn1~'1'li'il1nt1~'W ii,n 
d ~ a.., a.., I ci ~ 0 t12 
'lftl!Wl'iltl 1-!1-:Jl.'l'll'll'W'm1JJtl! ll'ff-:Jll'\J llrl~ 'Wl-:J11'.i l'Utl-:J'ill'U-:Jfl 

SJ 

i !)Jo, Q o, 1l Q o, ~ u O u O c, 

\Pl'.iU'l~'W ~\91'11'\.i'W f17J1'1J ti J~!fl'l'l ... fl1'.i1'1ltl'Y'l'Wjl'W . '.i~'ill ... 2553 ... 'ill'W1'Wl•rn ... 141,500.- .... 
O t:::l.Q.J ci t I a.., & QJ r,' 

'.i~tl~l1rll'Vl1f11Jl'iltl 1.2 U \91-:Jll\91 ... 1i'W11fl:JJ 2552.tM ... n:IJJll'l"l'Wli ... 2554 ...... . 
q 

I 

'H'W1tl-:Jl'W 
0.1 ,· 

1J 'Vl rWHHJ 

!flDU'l'.)fHYTW'\JD-:J'W'lfi'rQl.'l Diospyros \lnH
1

1'W'l'll.:Jfl1'.ill'Y'l'1'1VllN'W1'1.J'.iltl!l'f1 !l.'lf1 UFJ~'fffl\Pl'ffl'.i 

C, cl'li] !JJ ' . ~I !JJ di ~I C, I o' . ~. 

un:p~1i l\o1Uf1 hydrocarbons, steroids, terpenoids Uri~ naphthoquinones lu'W\91'\..! "ll.:Jlu'W'Vl'!:l\910!9frtrl:IJ~l'.i.:J 

m~~um~'lJ1'Wf11J apoptosis ll~D~l.:Jl-:i~\911:JJ'Y'IU1TVi°lfiu'ffQrl D. filipendula Uri~ D. cauliflora J.:iiim 

mtn~ 1'W 1~ 1.:i 1'1'1 tmn 'ff \91 f i.:i i!u ~.:i~ 1\?ltJU'.i ~'ff .:ir11~rJftn'!:l1tJ'l'l f Ju5.:i m'.i 1 'il1 t!J'llrl.:Jt"llri-a m1 ~nri in m'.i 

eJD n q11~ 1 ~i u 1 JJ rn ~l.'l t 'Wl "ll'ri iJJ ~1~ -:iu1 nJJ\Pl ~n 1 \PlcJ'\117 m'.i \91 nN~ n'ill nt11'W'ff fl\P1Wf11"1/U 'UtJ.:J '.i 1nrl11J\Pl\Pl.:J 

(D.jilipendulct)l\ill.'l'l'.i1J1-ey,~t 2 'lfW\PlflD stigmasternl !Ir!~ taraxerol lll.'l~'lllf1t11'W'fffl\Pl!€J'f11"1/'U'\JeN'.ilf1 

vi'11m1'WUJJ (D. caulijlora) !~mrn1ey'l'lt 1 'lf'W\Plfttl lupeol 'l'l\Pl'ITtJUt)'l'ltvu5~m-:i!'il1ty1u1"1/l:Hl:JJ~!1.:i 

Ulf1JJ\Pll.'ln1\Plm'l~fl'Wfl !VITT '\lllf11'.i'fffl\Pl DNA 'illf1\911tl~l.:Jllrt~'l'l\Pl'fft11Jfll'.ill\91fl'\Jtl.:j!'ff'W DNA ~1tl1li .. -~ . . . ·. ·. . . . . . . . . . ·-
, "" "" !V """.I o' electrophoresis hi 1.5% agarose gel lll.'l~'l'l\Pl'fftl1Jf17'.ill\9lf1'\Jtl.:J'W1lflrltl'ff\Pl1cl'ffl'1QtJO!'.i'ffl"ll'W\91 DAPI lll.'l~ 

propidiurn iodide (PI) Nl.'lf11-:i'l'l\Pll.'lD.:J'l"l'lJ11'ffl'.i stigmasterol, taraxerol llrl~ lupeol 'Vllittl"l/rt-a\91lcl \911:JJ 

SI ~ d d_ cl o'd d a.., di ~ ,,, cl ci 

'\J'Wl\PlflllJJl'\JJJ'\JU'l~ll"l:JJ'\J'W lC:lH'rn'l'l\9llcJJJl.'lf1'!:lW~fH;lJJ lcltl'I-JJJl"l/l.'lr!!U'WQ.:J (bleb) llrt~JJ apoptotic body 

'l'W'Urn~~nzjmr1ul'.)JJ~~fnJrn~m~cJ\Pll~'WJUm:;;t11cJ m1rneu'JJ'li''W~Ju5.:im11'il1ty'lltM!"llri-ai~ 50% 

ll11fl1J 37 ± 2.49, IO ± 1.3 lll.'l~ 20 ± 2.6 µg/ml \911JJ1:llrl1J 'l"l1Jf11'.ill\9lf1'\JtJ.:Jl'ff'W DNA 11l'Ul11JU smear 

band ~-:i i~11u ~ rrmu~i-:i nci111irncimnuriJJ 1ri1.1v'rJJJ'W1lfl~cJ'ff\o11cJffvlr11.1m'.iff!"ll'W\il 'l"lU!"llrtft'l'W nciJJ 
q _q GJ q 

'l'l\PlflD.:JJJ apoptotic nuclei l'Vllfl'lJ 30.27 ± 0.9, 23.8 ± 0.99 and 42.23 ± 2.51% \?llJJl:llr!U 'l'W'UW~~nzjJJ 

mU'l'.)JJJJ~ll'l1lfl1J 3.12 ± 1.29% Nl.'lf11J'l'l\Pll.'ltl.:Jllbf\Pl.:J'ltt1~'W11'ffni.:i 3 'lf'W\Pl 1~m-1il\91Jltl!C}'l]i'j'jJJ'lfl~'lllfl 

,,id,,,;;!I d o'l!JJ ,1 ~-I , """' 'l 
'l"l'li'l'l 'lil1J'I-Hrl'M'l-:i mm-:itil'M'Wtl1'Wl '11l"liflrtJJ:;;11.:iu1n:JJ\Pl~fl\9llclllUU apoptosis llrt~'Wl'il~JJfl'ncJm'l"l 'W 

fl1'.i1JD-:J fl'W'l11 DcJ'lJ 5.:i nl'.i lfl\Pl h fl:JJ~l~ .:i 'l'W '.i ~cl~clll llr!~l~t!U'WEJ'Wf1rl inm'.i lf1\Pl apoptosis ~.:im1n 

f11'.iAf11Jl!~tl1flU!tl'W l"l/JJ caspase ~tl iiJ 

., 
fi1ir1fi'qi: i:1l'Ll~\Pl.:J, i11ut1'UUlJ, HeLa cells, vuJ.:irn11'il1ty1~u 1\91, tJ~ 1Vl !'l'l~'ff, fll'.ill\9lf1'\JtJ.:J DNA 
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Abstract 

Many Diospyros species have been reported in different traditional medicines of the world and 

exhibited interesting pharmacological activities. Almost all parts of these plants have been used as 

medicines and a great diversity of compounds has been isolated ranging from hydrocarbons, steroids, 

terpenoids and naphthoquinones. Many species of Diospyros contain compounds with cytotoxic 
. . . . . . 

properties and i11duce apoptosis but D. filipendula and D. cauliflora are still lack any medicinal record in 

the current literature. The objective in this study is to evaluate antiproliferative activities and their 

molecular mechanisms in human cervical cancer cells. Crude hexane extracts of roots of D. filipendula 

and D. caulijlorn were purified by chromatography and crystallization. Stigmasterol and taraxerol from 

D. filipendu!a and l upeol from D. cauliflora have been isolated. Using HeLa cells as a model system, the 

cytotoxic effects were measured by MTT assay. Following various treatments, DNA samples were 

. electrophoresed on a 1-.5% agarose gel and apoptotic nuclei were quantified using DAPI and propidium 

iodide (Pl) staining. Stigmasterol, taraxerol and lupeol induced HeLa cell death in a dose-dependent 

manner associated with rounding cells, membrane blebbing and apoptotic body compared with 

polygonal shape in control cells. The IC50 of 48 h incubation was 37 ± 2.49, 10 ± 1.3 !Ii:'!~ 20 ± 2.6 

µg/ml, respectively. DNA agarose gel electrophoresis showed typical length of DNA fragmentation 

where as control cells did not provide smear bands. The apoptotic nuclei in treated cells were 30.27 ± 

0.9, 23 .8 ± 0.99 and 42.23 ± 2.51 % respectively compared with the untreated control (3.12 ± 1.29%). 

These resu I ts suggested that stigmasterol and taraxerol from D. filipendula and lupeol from D. cauliflora 

had cytotoxicity and induction of apoptosis on HeLa cells. These substances represent dietary 

phytochcmicals which can show different activities and have potential for cancer chemoprevention. To 

gain insight into mechanism of apoptosis, the role of caspase activation cascade is necessary to confirm. 

Key words: Diospyros filipendula, Diospyros cauliflora, HeLa cells, Anti-proliferation, Apoptosis, 

DNA fragmentation 
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lH1:1J~1~ .:i1~u 1 'jr1r 1m1'j.:i~1n~ i~n'Ufl'l-!'l'Jfll'Vlff 'VJ n1LJ 1~u hr1~l'111-ir1n~m1:1J'l'Jfl'U'Yl'j:1Jl'l-J 

ti i;n1 m ~'Yl'Ul?itlrJru m'Vli11'1 N{l m~'Yl1J~tl mtJur1i'1 tl' .:Jft:IJ 1m~U'j ~l'Yl ff'b'l ~1 m-rnlfl'l ~l'l-! i151!'j fll 'j 

,d d~ I QJ ~ d d QJ a'd .q d ~ \I] 1\.1] SJ ~ QJ ,d I 

. 11:Yt.1'b'111 fltJ'l-!ntnot-1 fl1'jCJf .:i1tlt-1 fll'jtlt\Jl'i:YflmWLJl nrn·1r1:1 LJ'Yl U'j ~1:1Jmtlt-1t.:it-1 1:1J 1~ 'WOflul nwM11:Yt.1m 

. "' .Ji . ?I .d j/ 0 j/ . I "I O ') SI. j 11) j/ "i .1/ .A 
rn'l:I lCJf-:)U 'VI-:) :I.Jl f1! V!'jl~!JJ 'W tll 'Yl \9lt)-:j'l-J1l '\Jlul f11'11.:JJJ 'j ~l 'Ylff 'Yl 1 1 'ttJJ 'j ~! 'Yl ff t'Yl fJ\91 o-:it 1:Y t.l\'J'1 fll 'j 'f11! 'jt).:J 

tfli~MflouV1'1'ltJU'1~t11drni'111 'jfl:1J~1~ .:iocl1.:i~m~o.:i ti ~il1t1io1t-11~ mn ili1:Y1:1J1'j m'li'1i'11n1'jfo'l:ll i ~ 
. ~ 

. . . 
. " 

QJ j.l,.'I 1 d & 51 .c:i. ?I QJ . QJ 

tJl')'jlf11'j\911fJ'\JtJ,Hj1J1fJ 'jfl:IJ~l'j.:J:IJlfltM 7.4 mmrn fl~llJ'l-! 13% '\Jtl.:Jf11'j\,l1fJ'Yl.:J'l1:IJ~ t)\9l'jlfll'jl')lfl 

.11 1 d ., "' 1 j/ J I I .,i ., ., 1 11) j/ & .JJ 9 -:;'I 
1'11tl 'jfllJ~l'j.:JfJ.:JlJ!l'l-!1 'l-111:Y.:i'\J'l-!tlt.ll.:J\lltll'l-!tl.:J tl.:Jflfll'jtJ'l-!1:IJfJ {If) l~ftl~fll'jf;l.:J 12 til'l-!fl'W · !'l-!JJ 

~ 

2030 (Parkin et al., 2005) 

. 1rn:IJ~I~ .:Jl~'l-! 1 'jfl~ln~ulflfl17:IJN~Ufl~'\Jtl.:Jfll'j!~:IJ'Ol'l-!TU (proliferation) ~~.:JICJfml 1~ fl 

ni1J'01t-11t-1u'1~1u1ru1~111111 i~tJv1.:i il-i'ttu~J.:i "f1\ll'j1u'Vl'lJ'l1il.:Ju7fl hfl i~A11ilt-1 iu'j~fl~'tt~.:iu¥X1 l'll u q 

• • ,::t a.Jd QJ a'&, SJ•a.,a.1 
anh-apoptotic signals '\Jtl!~l~fJ1fl'l-!f1{l~fltytylru'lltJ.:J pro-apoptotic signals lCJf'1'1u.:Jrll'l-!!'\Jltl1{)ufn 

o' ~ O 11) j/ Q I .," I A ?I o' Q 
lCJf'1{1 U'1~l'W:1Jul'l-!1'l-! l~lnfl11!CJf{l{IJJfl\ll u'l-!f1rllfl!1J'l-!!CJf{l{llJ~!'j.:J (Kasibhatla & Tseng, 2003; Hu & 

!V QJ ~ lr]d 4 51 .q 

Kavanagh, 2003) tl1l11ft'l:JJ11tl'l'IWJ'WlfJ7'1110mfW 1'1'11.'YlOOflt)'Y11if11~\lJ'W m~'1J1'W fll'J lfl\ol apoptosis 

i~ ~'W7u~1h~i:rum1:1Jd11h i'W fl7H11'lJfllJ'111tJfo£J1 hr1:1J~1~ .:i i~t'lf'l-! nu 1~LJl.l.:i11'.h~mt-1 lCJflJ q q 

'I _, d 1 11). .1 d SJ q SJ o o 1·' "' d ?I 1 :i! 
caspases 1'WlCJf'1'1:IJ~lH \olfJ!tl'W l"ll'lJ caspases 'Vlt;]flm~\,,j'l-! l'tt'\111.:il'\Hl~'Yllmfl 1J'j1i'l-J'Yll1J'W m.:ii:r·n.:i 

rl1mu 1 U'j~'l-J~l~'l-!m fll"ll'1J'1itJ:1JU"ll':1J~rnt-1m U{l~'V17rllfJ~rn'Urn rl1 i i1CJrnrl':1J~1~ .:iuu.:ii1 ilii~ 

(Kaufmann & Earnshaw, 2000; Reed, 2001; Vermeulen et al., 2005) 

,£ " " 
!'W Uu ~tl't-1fl tlltltl flt)'Yl 'Ii £JU £].:j fll'j I u 1t\j'lliMl"ll'ml :IJ~l~ .:J'11rl1U'lf'W ~ ll~ t11m~1ui1'Yi'.hlfltl'W 'li'1.:i~ .:i 

., 'l j/ 11). I .11 .Ji ., ., A J' .d'l j/o, J' I d A 

'ttrt.:iul f1 1 'lftl111Jlltt1'j~t.J~'l1'W.:Jl"ll''t'l't'l 1Jflu~lfl~ fll'j~tJtll'Vl 1 'lf'j fl'.hllll't'l~~tl \l'ltlt.110 fl'tt 't'llfl'lf'l-! ~ (multi drug 

resistance) (Chau et al., 2006) i.:ii!m!fl1'Ylt.l7ff11:Y11fu~.:J'W1.l1tl1:IJ'YfWJmil1'11i''lJt.111:YlJ'Wl'W'jl'Yltl~n 
q 

U'j~ff'Yl n fll'VI fll'j fomt1 .:i '11~tll1:Y1 :IJU'j~ff'Vl n fll'VI fll'jt)tJflt)'\11 f 'lltl.:J tll!IN'l-! 'Uu~'U'l-! l'll '1 tt '\J'Wl~t.11~ 

------- ---- ---



2 

"' y 'liJ Y. I "' "' .,! "' liJ I .di "I ,/ y 
'.iflll1'Utl1.m-rn\ll t~u'.i::::ff'Vl'fi.fl1'VHJ''l'U'U 1rn:::::1JNfl t:IJ'VMu'.i::::ff-:Jfl'Utltlfl-:J (Shoeb, 2006; Johnson, 2007) 

vi'lfff:iJ'U l'Vl'.iijff'.i'.i'Vlfl'ilHiluv1fo1111 '.ifl 1rn~'lim1ilunm11mviuilm11rl'1 'lurl'nmu::::'Uti-:i.nilifomn 
q q CIJ u " 

l'l'l mrn::::tJ:WU tyty11'i'o-:itu tl'u 1u'\1::::r1~1! o t1t10 t1r1-:i \lllm11\i1u I 'Vl'.i7::::\J rn1 'Vl u ~ 1 ~ tlfl7'.i U'Vl'Vlv11r-1u 

'U'u~U'U nil'b'ffl-J'Ul'Vl'.i'il1'U1'U:IJ1fl\]fl'YlWJ'W11il'Ut17llN'U'U'\1~'1J'U (Kappor, 1990; Samuelsson, 1999) 

fl1'.iri''W'VllJ'&1'1'.i~1'W:iJ::::11-:i Vinblastine (Vincaleukoblastine) 1m:::: Vincristine (leurocristine) 'ulfl~'U 

.Io'., ?I O Q .d.c\ 'l I ?I .d y 'l Y<ei y :}' 
ll'\IM'Vl11JHH (Cragg & Newman, 2005) IU'Uf111:1Jffll':i'\1'Vltl-:J '11t\:J 1rn::::1u'U~~'Vlfl'.i::::\9,j'U '11:1Jfl7'.ifl'Ufl•Jlttl 

'&1'1'.i~1utJ::::11-:i'\17flYl'lfi'W'l~V1uo-:irl'm'.itimtl'11fonu'.i::::mrum'.i11 u'.i::::'b'1m'lu1r1nih::::mru 80% 

'li'ri~'Wl'Vl'.iffl'Hi'llfli'.i~lltHJ''Ufll'Vlldti-:i~'U (primary health care) (Farnsworth et al., 1985) fl1'.i'li' 

ff~'U l 'Vl'.i 'l 'U fl1'.ifo111 'H1tl1J'.i'.i t'l'lltllfl7'.i'Utl-:J hm:1::::11-:i 11l'Ull'U1'Vll-:J'H~-:J~ ~il111'l tt'm1:wu11mm:::: 

1~on'li'mmu 

d ,. I \fl .c:::I -=:ii ,_<f j) ~ 3,1 ,/ lt] .cl d (1,,1 ,I d 
l'WfM '\11 flu 1::::1mr !'VJ tl:IJ tJ:Wutytyl'Vltl'ltl'W ~l'U fll'.i ll'Vl'Vl tlllN'W !'Vl ti :IJ'VI 'b''Vl'W 'fi'Hfll fl'Hflltl'l'l 

o .., ?I liJ y d "' "'"' \JJ 'l Y. J I " \JJ .di "' mmn1mm'VIWJ'U11uuv1 1~ l'Vltivm::::~m.irum'Vl'lf1\ll'Utl-:Jfl'W 1'Vlf.J fll'.i 'b'u'.i:::: V'IJ'W'\17flffl-J'W t'Vl'.i'\1-:J:IJ 

m1:1.J,\'11ilurlmf Ufll'.i~-:J\ll'Wltl-:J 'lu'.i::::v::::v11 'lu i '.i r1~1iluirrum~1'Wff'll.fl1'Vl'Ut1-:JU'.i::::'b'1'b''U'b'l1 l'l'lt1 " . 
I I \Jj d 

ll\lltlf.11-:J !':ifl\lll:lJ 

'H1tl'Vll'lfll'.ill'Vl'l'llJ l~tlVWJ'Wff'.i'.i'l'HJ'il! flfl lflfll':itltlflt]'Vlt 11r1::::u1mru ~mm::::ff:1.Ji 'W fll'.i1J~ i.nfl mri 

nm'.i N~\l1l!rl~H'irnui'V1rnel1-:i1il'U'.i~lJlJ . 0'\1::::'Yll 1,r fl1':i~-:J'VllEJl'\11 fl\111-:JU'.i::::l'l'lf!'rl~Utlf.Jfl-:J fl1'.i . . 
'VJ~ fftllJlJ'Vl lJTYl 'Utl-:J ff l-J'U i 'Vl '.i 'l u fl1'.i 'Yl lfllf.llCJim'hJ::::11-:i'b'U ~~l'l'l ~-:JI ilm1'Ufflrltybhim ~-:J l 'U fll'.i 

'YlWJ 'W1fl11:IJ r1rn::::Nt1\ll nru cnl~tlff'Ufll'Vl'\11 flff :IJ'W I 'VI ':i " . . 
"" 'l ?I "" \JJ .d 'Vl'b' 'Uff~rl Diospyros lu'U'Vl'b'ffl,J'U ll~'.i'Vl 

'b'11-u'1umnmm'liu Diospyros rhodocalyx Kurz (\ll:::: 1nm, 2550) ri1m1rn1ni '.if1Ntl:1JIIM'-:ir1t1-:i'\1lfl 

I\Jj .,J\JJ I\Jj _}I o ~ I O :I/ 'l :I/ y,;l "' :I/ :I/ I 
flt'ltlfflJ\91'.itl~ !YI 1:IJ !'fl 1Jl1'l'W1'U:I-J ff1'Ufl1\ll'W 'b'llflN'Wfl'W 1m::::Nflllfl'Vltl-:J'.i1-:J Diospyros anisandra 

(Borges-Argaez, et al., 2007) 'l~fo1111'.ifl~l~f.J1fllJ~1'H'W-:J Diospyros crassiflora (Hien) (Tangmouo 
.d (1,,1 \rJ ~ j/ I 'j) .dd .cl ,/ 

et al., 2006) ffl'.i'Vlfffl~ I~ l'b'\lltl\l17'Ull1Jfl'Vll'.if.Jl1'1::::Vff\l1 Diospyros assimillis (Ganapaty et al., 2006) 

'l~1ilut11fom l'.iflli'ti'U l'.ifl11~ IIN'1'\1'Vltl-:Jlm::::tt'Uti-:J'l'U Diospyros villosiuscula (Khan et al., 1999) 

'li'fo111tllfl1'.iU'.i::::~11~tl'U:1.J1lJ-iUfl~ tllfll'.iU1~li'o-:i l!Nfll~tltl Diospyros mollis Griff.(TI7'Wfl-:Jl'U 

:II \Jj 'l :II ?I I "' ?I :II .x "' "' "' "' ,!( "' 'UtJ:IJfl ff:IJ'U m 'j, 2550) 'b'I u 'U f.Jltlltl'Vlf.ll'fi lu'U\ll'U 'U tl fl'\11 fl'U f.l-:J:IJ'j11Nl'W1'\11Jfl7'j tltl flt]'l'l1i'Vll-:J'b'1.fl1'VI " . . 

I A & di oA QI ,I 

\lll'l'l'Ue.Mm'jmbJ'Vlli'ulfl'Vl'b' 'UffQrl Diospyros mu~~-:i (Diospyros filipendula) (fl'il!~l.tlff'b'f!'7ff\l1'j 

d ~ A A .Ji d ''l ,1,J 
:lJ'Hl1'Vlf.lltlf.J:IJ'tt~fl, 2550) 1rn:::: li'1111ff'WU:IJ Diospyros cauliflora IU'U'Vl'b'tlfl'b''Url'H'W-:J'Vltl~ 'U1-:Jf!"I.! 

.niJururu1'!f11u1u'lifom 1rn911-:i 
" "" 
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vl'lft'W~f.}-a Diospyros i1~7'.ifl7'flt1J (active ingredient) '111;l1U'lf'W'fl l~!lf1 naphthoicacid 

naphthaaldehyde, naphthoquinone, steroid 11'1~ terpenoids (Tangmouo et al., 2006; (Ganapaty et al., 

,Ji "". I "' "' 9 , y "' , Jf """" y 2006) 9f'1:Uu':i:t:~'Yl'li.f17W t'Wf17':i\oltl\ll1'1.HJ'l;j:l,Jrltl~':i:t: (anti-oxidant) CJ.J71'lftl111lfi'Yll':iU (antibacterial) \lll'W 

A "' 1 ,I Q ~ 0 Cl.I Cl.I I I ... I q O .c:i. 

f17'.i!'il';it1j!\ll1l \ol'Utl-:JICJfrlrl:U:t:l'.i-:J (anticancer) CJf-:Jffl':ifflfitlJ'f1,rnm1m'il:::;u':i7f10 1'Wm1J'fl'fl-:J (Diospyros 

3J .... , , Q.I d 1 <JJ 5,J 93/d & 

filipendula) 11'1:t: 'Yl71!1~'Wu:U Diospyros cauliflora !'lf'Wf1'W 'il7f1'Ylf11;l71:IJ7'1J7'1\ll'W!l~'fl'11'111'11'\.JtM 

ftf) Ufl7YI 'Utl -:i ,hu 'fl 'fl -:i 1rn:t:'l'i'1111 ~'Wu :u~ 'i) ::::l'IWJ 'W 71 ~ 'W Ul~ 7 'W :u :t:I~ '1 II~ V'1 'IJ7~ '11 tl' n;p'W 'YI 7-:J 1'Yl U7 f1'7~\ll l 
~'W1l~~'W 

. . 

ftn111~1':i~t1~11~~'Ylt'il1mhu-:i1fi'llt1'1ii~'f1-:i11ri::::'l'i'1111~'Wu:u1f1t1 • 
"' "' IIJ II) -,! .I 1 o'Y "' 1· d L WWJ'W7fff1Ufl7W'Utl-:Jft:U'W !W':i !'YIU!Wtlu':i:::: U'lf'W~7'Wrnlfl '.ifi:U~lH 

q 

4 ., "' 4'1 ., t "' . o' d 
2. 'YI~ fttl1J t]'Yl 'Ii 'IJ t),:j ftl':i ftf) 'fl m-ey'Yl 'Ii ! 'W fll':i U1l u-:i fll ':i I 'il ':i t!J 'Utl-:JI C]f(l '1 :U:t:1 ':i -:J 

~ II) ,£ "' 1 "' "' ,£ 3. 11f1lflf)j;j lf1fl7':itltlf1tj'Yl'li'.i::::~1J :U!rlr:)'1'1Jtl-:Jffl';jftf)~1J':icy'Yl'li 

""'"-' 6U61H6Uv16Uel-.'.lfll'J'1'lltl 
. . 

· ri1'W';i7f1'llti'1t)7ii~~-:i1rn:t:li'1111ft'WU:J.Jn mJ1:uiftt1'fl 111111ft'Yli . 11r1:t:mftm 1 fiNft½'Ntfiii ftl-:iit'n~ 
~ . ~ 

.,. &.dll) y O IIJ.I 4y "' o' d II). ,! "'1 .d 
m-ey'Yl 'Ii 'YI !~'il :::;m !U'Yl 'f!fttl1J t]'Yl'li \lll'W f17':i I 'il':itlJ'Utl-:JlCJfM :U:t:! HI! rl:t: f)j;j I f)f)l ':itltl nq'Yl 'Ii ':i::::1111 :IJ!rl r:)'1'Yl 

.d •,Y o' 
1'11'WtJ1'W 7 '11!9f'1'1\ll7U 

--- ---- - ----- --- --- --------,------- ---- -
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1-wif 'il~'U'U N~\9l.t1illcn~i~'illfl1i ':i 'rn'lfl~&w1111rl-nhn~~i 'ffN~\91 chemotherapeutic agents ~" 

1h~~l'ln.fl1Viij-:J t111mn l':i'f1:1J~11-:i~r,h'Un7':iflflfl':i0-:J'illflb1'tll'U'U Food and Drug Administration 

(FDA) 1h~ll1f1L1''111!0!:IJ1fl1 ~-:iu~il 1960 Jm~'UN~\ll.f)llC}'l~:IJl'illf11i':irn'lfl~:IJlflfl11 .50% i'Ul11-:J 

fll'j UVil'lfJUN'W i l'ltlnLY~'U iwrn mti'lf'Wfl . ~!~'Ul,J':i~ flo'.'U rl1~l'lJO-:JjJilif ~~l'lf11Ul'U'W11Jl i 'ff1 mi 1 

1rn:w~1~-:iod1-:i11TI'lmnm~'U':i~t1~11mm'W 1~vll1m\llmimli 11~0-w1m~o~~1u11m1flotrnrl' 

OVN i-:i O\lll:IJ'ttft fl!l'U i~ flrl111~'U fi1':iO1 E)'V1O~'illf11J':i 1Vi 'lffl:I ~-:i v-:i 11inmf fl!l'U l11-:J!.fHY'lf1'VltJ1 

1~t11 n'l.J ql'li\ll1'U :w~1~ -:i 111 m~ 'Yl1~'il1nri1'U ':il n'Uo-:iri1u~~-:i11-a~i1111 LY'U u:w .~ "~u 011 il ~ 1 'Uu 'j ~1 'Vlfl 

1i1t1 ~-:immllmni1n~J'Ut'Uf1'l.JU'il'iltJ'l1mtJOE!l-:Jl'lf'U mvi'Ui ~'U~U'fjfl 'j::;tJ::;11mi'Ufll':iU~fl q~ 

~1nrn~t11 i-:i J 'U~-:i m ':i" fl1 ':i1'1 m~oi ~min fll':i 11t1mm~LYn~m':irl1n~ 1~tJ-w1 m1 ~'W ffl':i mm Jl'U 

l'U fil'j ftfl'l:llt]l'li'Vll-:Jlfli'lf1'Vltll~tl 111 

vhi'ULYf:J'a Diospyros l~t;Jfli!1mi'ffi'Ufl1':i!IVil1fJ!!N'Ul'l.J':ilill1'f11-afl !'lf'U 01~':i!1'1Ht-a::;~m'U . 

Q .I· Q d ,,)j 9/ ·"'.I nolQ 
'U'UO-:Ju':i~l'Ylf10'W!~tl (Ayurveda and Yunani), fl1':i!!Vi'Vlt1Vi'U'l.Jl'U'UO-:Jl11u0n':ifi1 (African folklore) 

11-a::; fllrnViYJfJi'UUl'U 'UO-:JU':i~l'Vlft'~'U (Chinese folklore) ~-:i~t~'U ~'\.JlbY'U l'ilOLJ7-:it-:iflO!f10'l.Jl1 flft1'U • 
'UO-:irl'M'lf'W~emmnru1mH'1~'UtJ11~ !'lf'U i-rn11m~rl111fowibm.h1111~-:i (backache) ff1'UN-a ii 

?I ii ii d ii. I ii I d i ii ?I . ., . 
!u'UtJlllfll'lO-:iOfl (carrninative agent) !!flu111l10-:i (astringent) b1'1'U!:IJ'a~ 'lf!u'UtJ1'UO'U'l1'a'l.J (sedative 

agent) ff1'U !UBO flfo LY'U :w'l 'ffUtlU1~l1 tl-:J!'lf'U fl'U fll'j II Vil'l IJ!!N'U l 'l.J ':ilill 1h~! l1 flfl'U!~Viivh'l 'U LYf:J'a 

Diospyros \l fl i ioti1-:i11TI 'i11 mtiG-:i 12 'lf'W ~ fll':i UVl'Vl V!IN'U 1 m lll 01~':i !1'lf'W 1J1J''U'illflff1'UIU ~o fl 

11-a~'l'l.J'UO-:J D. peregrina :IJ11fl'l:ll!IN'a~lfi~'il11!-:i~n~ ft1'U1!0fl~\lllfl!!tt'-:i'Uo-:i D. melanmylon \]fl 

i11m 'l 'ffi'U fll':i!!Vl'Vl LJ!!N'U 1 mlill U':i~l'VlflD'U!~tJ (Yunani) 1~vi'ffl~'UtJ1'1J1JUL1'ffl1~ !~'Utllil'U fll':i 

., ii 9 • 1 IIJ i ii ?I ., .or ii ii "' 
Ofllb1''l.J'UO-:i:IJ1:IJ i'Uu':i~!'YILY t'\lltJ D. mollis 11-a~ D. rhodocalyx \]fl 'lf!u'UtJ1'U1Jub1'ff11~ tJ1!!fll10-:i!L1'tJ 

VlCJ41VltJ7n 'hrn11lmffo1illl D, hirsute iifom l':i'f1'11'UO-:ii'U 1m::; D, lucida iiwi'u1~io-:i 

U':i~~l!~O'U (Mallavadhani et al., 1998) 

-- ~--- -- ---------T- - m ---- __ 

I 

I 
I 

I 
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1nO'Ul'.Jffff1'U'lJO·rW'lfi'WffQ'1 Diospyros 1~iim1m1'ili1"0'l.J ifl1-rnhrvn-:ur1ii 1rn~'Yl1J 

i1'11LY1fityimh'W~1-Fli.:Jllff'Pl.:Jimm1.:i 1 'Yl1J11 triterpenoids 11'1~ naphthoquinones m~'il1fJtfltl1Jl'.jfl 

I .al .:::i, ,J I I c:j d ~ 
ff1'U'lJO.:J'Yl'lf'lf'U'Pl'U m1iump.J terpenoids 'Yl'l.J11 90% 'lJO.:J'Yl'lfi'W Diospyros species IU'U'lf'U'Pl 

l/J 9} I .Ji I .J,. 
triterpenes: pentacyclic core l'Plllfl lupine, ursane, oleanane, taraxerane, friedelane CJ/.:Jff111'11'11'U:IJ 

q'Ylt~1'U:1J~11.:i (anti-cancer), ~1'Whfl!O'Pl~ (anti-HIV) !1(1~~1'Uf111'elfllff1J (anti-inflammation) 

. (Mallavadhani et al., 1998) 

i,'7jffn'P1GJ7'Ufl'101 nlofo'lJU.:Jff1'U!U~Ofl l~'lJO.:J~'U'il'U'Yl'w' (Diospyros decandra) ff1mrn 

"' ,i "' i 'i ' . I .llJ _.'::'I llJ 1' "' .Ii ?I 1wnm1m'ey'Yl1i'lf'U'Pl '11:IJ um:prnnu1~fitl1J 1\l1'H'Yltllu'U 1'1'1 5 'lf'W'Pl CJ/.:Jlu'UbYl'J' . 24-nor-, 24-nor-
. jl . ,, ,I 

2,3-seco-, 1m~ 3,24-dinor-2,4-seco-ursane triterpenes 11:IJ'l'l.:J betulinic acid trnmnnthnru1-ey'l'l1i 

-~fffl'Pll~'illfl methanol extract ff1'U~.:J'lJO.:J D. discolor l~llfl lanostane-type triterpenes, triterpenes, 

betulinaldehyde, betulinic acid, methyl ester Im~ ursaldehyde (Chen et al., 2007) 

Class of compounds Part of the species 

Carotenoids Fruit · 

Tannins Fruit; leaf 
Sugars Fruit, seed, root 
Hvdrocarbons Fruit, seed, leaf 
Lipids Fruit, seed, bark 
Aromatics Fruit, root, bark 
Flavonoids:coumarins Fruit, leaf, root, sapwood 
Terpenoids Fruit, leaf, calyx, seed, root, bark, heartwood, ebony 
Steroids Leaf, root, bark, heartwood 
Naphthoquinones Fruit, leaf, root, bark, heartwood 

d 
~ V ~ 

t)'Yl'.i'i'YlHtiHY,r1l'ltll 

e:S QJ 4 o' i l 4 t ~I ~ 
f111fl'fl'l:l1bY11fffl'Pl'il1fl 't'l'l/1.:Jfl' Diospyros 'VM 'U in vivo 1rn~ in vivo 1rn11.:J!l\llu 1952 'il'Ut:l.:J 

1~u'1i'u:1Jn~11ff'Pl.:i~.:ift'rnJm'Yl'llO.:JTI'li'lf'W'Pltl iu nwwwim1~mni' mn 1 'J'fl iuou1fl\ll 
"' 

., I I i I d QJll'lj/ d i:& 
\9110tl1.:Jl'lf'U bYl'J' 'Ufl'J:IJ flavonol glycosides 'Ylfffl'Pl !'Pl'illfl D. cathayensis 11'1~ D. rhombifolia :1Jt]'Yl1i 

\li'1'UO'l;j¾j(l~m~ 1,1-diphenyl-2-picrylhydrazyl (DPPH) l'W'l1'1V'Pl'l'l'Pl(l0.:J (Furusawa et al., 2005) i1'11 

ffn'Pli1vJ1'il7fl'ri'1'Wl1Hivm1111i''U'lJV.:J D. fischerin l~bYl:l.Jl'J(ltJ'l.J5.:Jfllj'lffl (convulsion) ~mtivTU1 

J! l •ll)d .dww 
'1'11tlbYl'J picrotoxin 'U'l1'\d mice tltl1.:J 1rn\l11:1JbYlrnfffl'Pl'Pl1tl 80% ethanol 'll'Ul'Pl 100-3,200 mg/kg 

------------
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'ffl:1.J1'JtlV'IJJ-:innirn1uu dose-dependent manner 11'1;;::tim11nmnnimp'ljNl'Wf11'J tJ'IJ5-:i~ GABAA-

di "I A .J.,. .d O A 'I "". I •. I'= • I _p QJ ,I 

receptor 9/-:J'l"l'lf'lf'W~'WlJtl'Uf1ll'U~ t'U'\'11u0TI'Jf17 u'J~l'\'lfl' Tanzania 1rn;;::irn~fl'10-:Jf1'1.Jf11'Jll'l'l'\'lm1rrw 

1'1.J'JltU~i'rn.h~'\'ll'Wffl-J'W,'l'l'J'lf'W~e1um'Jfo'lfl l'Jfl'1lJ'lff1lJll~'Wl1m'Wl'W (Moshi et al., 2007) 'ffl';j 

ffflm'itll'IJ~,.w methanol 'illf1ti1'WIU~tlfff)l~'W'\JO-:J D. sanza-minika rim'Ju'J;;::nurni1ityflt1 

.,. ,i., i A ,% Q A 

norbergenin lJtj'\'l'litl'I.Jtl-:Jf17'Jl'il'Jt\j'llO-:Jl'lftllJ7'1ll'Jtl (antimalarial activity) 'lf'W~ Plasmodium falciparum 

9 Q,J J. Q,J ..::i. Q./ ~ 9 
Kl t'W'J;;::~m,rno~'\'1~'10-:J (Tangmouo et al., 2010) (]'\'l'li'\'ll-:Jlflff'lf'J'\'ltll'lltl-:J'ffl'Jfff1~'illf1'Vl'lf t'WfffJ'1 

Diospyros mrn-:i1'W117'Jl-:J 2 (Mallavadhani et al., 1998) 

,i o, A o, "I 9 . 
mn-:i 2 llff~-:Jtj'Vl'li'Vll-:Jlflff'lfTVWl'IJO-:JiYl'Jfff1~'illf1'1"l'lf !'lH'i'Qrl Diospyros 

Species Part Extract Pharmacological activity 
D. chloroxvlon PER ·50%EtOH Antiviral 
D. cordifolia NS Alcohol Anti-inflammation, anti!pyretic, analgesia, depressant 
D. embrvoTJteris Leaves 80%EtOH Abolition oflibido in male rats 
D. exsculpta PER 50%EtOH Showed activity on cardiovascular system, CNA 

Seeds depressant and anti-bacterial activities 
D. insiJ?.nis PER 50%EtOH Antifertility 
D. kaki Fruit - Strong detoxyfying activity, 

anti-bacterial activities 
Leaves Tannin Increases life span and decreases brain haemorrhage and 

infarction in stroke prone spontaneously hypertensive rats 
Scavenging action towards active oxygen free radicals 
Inhibited lipid peroxidation 

. . 

Leaves MeOH Hypotensive activity against urethane anaesthatised rats 
D. leucomelas Leaves C~Cl2 & Anti-infammatory activity in the carrageenan & serotonin 

MeOH paw edema tests and TPA and EPP ear edema tests 
D. melanoxvlon Seed - Antibacterial 
D. mesTJiliformis Seed - Antibacterial 
D. montana Leaves Pet. Ether, An ti bacterial 

CC4, C6H6 
Bark 90%EtOH Inhibited the growth of Ehrlich ascites 

carcinoma in mice, anti-infammatory and 
anti-pyretic activities 

Bark Alcohol CNS depressant activity 
D. morrisiana Stem Hexane Cytotoxicity against in vitro tissue culture cells of human 

KB and A!438 lung carcinoma, HCT-8 colon tumor and 
murine P-377 and L-1210 lymphocytic leukaemia 

D. peregrina Fruit Ether Antibacterial 
NS Alcohol Anti-amoebic, anti-viral, hypoglycaemic activities 

Diuretic activity 
PER 50%EtOH Anti-stress prevent gastric ulcer, hepatotoxicity 

D. virJ?.iniana Fruit - Cholesterol lowering activity 
D. zombensis Root Petrol & Cytotoxicity against human colon carcinoma cells 

bark CHCI, 
D.sanza-minika Bark MeOH Antimalarial activity 
D. /ischeri Gurke Bark 80% EtOH Anticonvulsion activity 
D. cathayensis Leaves MeOH Antoxidant activity 
D. rhombifolia 
D. Sevchellarum Leaves 70% EtOH Cytotoxicity against Jurkat T lymphocytes 



------------- - ------------------
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'ill fl fl11 ftflm~ rh'W m 1 #Iii fll'HHl~bl'11rl1nt1J'ill nvi 'lf'N fl Diospyros Y'l u11iiq'YlfYll~lflft'lf 

"' I] SI 1 & Si ,I d ,_ ., .J 9'W';;'I I] ,'}! 
1'Yltll l~iHllfl'Ylmv ~vt'HY'll::;q'Yl'Ii\911'Wl9HH'l:IJ::;1H1J~~'W l u 1989 Yan 11ri::;flw::; l\'J!Wfl 

isodiospyrin, -amylin lln~ olean-12-en-3-on 'illfl Diospyros morrisiana Y'l1J17 isodiospyrin iiq'Ylflli'1'W 

~ cl d aC:l, ' d O lit 319 I d d ~ 1 "" 
fll'jl'iJ':it\j'Utl~l9/rlrllJ::;1Ht1mtJ'lf'Wfll'lf'W :IJ~IH'11 li'l' l'Ylt\J (HCT-8), :IJ~IHl:1Jfll'1tlfl'U71 (P-388) ~tJ:JJ 

fll ED50 l'Vllfl1J 4.9 im~0.59 mg/ml \917:Url°wiu (Yan et al., 1989) ium Kµo llrl~flW~ (1997) i#!11_t1fl 

isodiospyrin, 8 '-hydroxyisodiospyrin, friedelin,. epifridelinol, Lupiol, luponone, betulin Im~ !up-
' c,, I. '°' ,e/{ 1.JS} 

20(29)-en-3B, 30-diol mfl"1'1'W'fffl~ hexane '\JU~ Diospyros ferra Y'l1J1lffl':i1J':i~'Yl1it11m'W\lll'W 

19/rJ(llJ~l~~'l'l.n~irn1'1U~'Yl~'1U~I~ 4 cell lines 1~tJ~ isodiospyrin 11'1~ 8'-hydroxyisodiospyrin llf1'W 

,I d OJ d I • I . d 0 I] !119 I d • I 
19/'1'1:IJ~IH\l'IU (Heb-3B), :IJ~IH'lftl~ulfl (KB), :IJ~l':i~ftl lil' t'Ylt\J (COLO-205) 11'1~:JJ~IH·ulfl:IJ~~fl 

(Hela) 1~t1iir11 ED50 'UU~ isodiospyrin IY17tl1J 0.17, 1.72, 0.16 11'1~ 0.21 mg/ml m:wrl'1111J llrl~fll 

ED50 '\JU~ 8'-hydroxyisodiospyrin l'Vlltl1J 1.31, 1.75, 1.96 llrl~l.79 mg/ml \9ll:1Jillf11J (Kuo et al., 

1997) 
. ' d 

Ademiyi llrl~flW~ (2003) l~W.Jfl Diospyrone 9i~l1J'W naphthoquinone 'illfllll~omlfl'Utl~ 
. . ,Ji . ,_ . .!s, ,I d \1p1 

Diospyros mespiliformis 11'1~ Diospyros tricolor 9/~ D1osquinone :1Jtj'Yl1i\lll'Wl9/rlrl:JJ~IH I~ 10 cell 

lines 1~m9/'1'1lJ~l~~ft:JJU~ (U 373) iiri1 ED50 l'Vlltl1J 4:5 mg/ml fl'1lflfll':itltlflt)'Vl!~i/1"1''WO!l'W::;'liJ 

fl1':i'Yl~rlo~d~hJfll':iEJ1J5~ern11:uu LNCaP (Adeniyi et al., 2003) 1uil 2004 Gu llrl~flW~l~ftmn 

c/n I n I~ I .:::I n. I ~ .::i, ~ 
U~flu'J~fHl1J'UU~lu'1e)fl Diospyros maritime Y'l1J17:IJ"1'7':iu':i~flt)1J'lf'W~ naphthoquinone 4 'lf'Wflfltl 

'l "" .., I A • I ... 
plumbagin, maritinone, chitranone 11'1~ zeylanone t'W'UW~l~tl1fl'WY'l1J17:1Jffl':iu':i::;frn1J'lf'Wfl coumarin 

"' "' 1 t .Js, ,1 d 31 "'"" l]SI Ufl 3 'lf'Wfl ~ti naphthaquinone 'Yl~i-1:IJ~Utlflt)'Yl'Ii\lll'Wl9/'1'1:IJ~l':i~ll'1~\lll'W~rl'W'lf'V'l I~ (Gu et al., 2004) 

~um'luil 2006 Ganapaty llft~flru~i#!11t1no'4i'W'.fi'Utl~ll'Wvl'Yll~'W 6 \P11'illfl':ilfl'UU~ Diospyros 

,Ji ., ✓ ' .J'"' ,! 31 1· I 1 ., 31 ✓ d ., 
assimillis 9/~el'l;IY'l'W'Iilttftl'WlJ(l'Yl'Ii\lll'W u':i \ll9/111ft~\lll'Wl9/rlrllJ~l':i~ (Ganapaty et al., 2006) ffl':i'fffl~ 

SI I 'l A .d!.Q,J i Q. 

~1tl 70% EtOH 'illf1"1'1'W mm~ Diospyros Seychellarum llt)Y11itl1Jtl~fl1':il'il':ity'Utl~ Jurkat T 

lymphocytes 1 ~ tJ~l'W1'W19/fttl'~\lll mvf lJ\llllJ'U'Wlflfl17:IJl'l1'lJ'lj''W (dose-dependent response) ii f)ft 1 f)f11 ':i 

,,t .d I ._, .!9 I] 1 ,d "1 

\llltlll1J1J apoptosis fltl cyt1]rn'tlfl11:IJ\lll~ftf)fl t'W Ill \llflel'Wl~':itl llft~lJ chromatin condensation (Buenz 

, I] i:1 1 ., " 9 ,. " r .¾ ., "'.I 
et al., 2007) ot11.:i 1rn\917ll"1'7':il:IJ\lll um.191 1'WY'l'lf1~1't Diospyros 'W'W'U'Wfl1J'fffll'V'lXJ:Wu1~1'Yl"1'!rn::; 

.J. 91 '1,} 

ft~ll1~'10:IJ~1tl (Gu et al., 2004) 
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d 1 'V 3,1 9 3' d & QJ c.t r1 .d 0.1 ~I ii 
'ill n'Yl mn1m'IJ7~\91 'W!I i111~ 1 '11!11'Wtl~fffltl.fl1'Vl'Ue.M'Y'l'lf'1~ff Diospyros 'Yl'il~'Y'IWJ'W71 u 'Wtl7\911'W 

lJ~I~ ~ II~ fJ~ 'IJ11!'115 flil'Wl'lN 1l'ltl1ff1ff\91 f ff'!!U ff'l;j 'WI ~tlm 'Y'll~~O lJ~l'i ~ i'W lJ'tflW1 'W 'j ~iumrnwi 

l'!wi-ao~ 1m~n-a In fll 'jtJ o nq'Yli'j ~iu tlJm flil 

-------------------------------·--------
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I 
,:::! 

1.J'Yl'YI 3 

o I o <> SI • I J, ?I ,1 d 'l SI SI Y 'l SI 
'UlTI1'W'.ilfl'Utl-HfliJ~~-rnrt~l171Ubfl.J1JlJ lJll1'W!1J'U'Jf'Ulrtfl'l Vllfl mm-:i IIU1iJ~ '11 
I 3,/ I 3,/ 

r1~1 u v~ '11'-:i il1 'l1'W fl u n ~ 1 riq-:i Nlvi ff ~01 ~ l1' ~ 'l "ttml 'W '11 '1-:J 'il 1 ffW uil1 i iJ II i~ 1 vi1rl1 rt~rtWHJ 

fWlf'l..!!~1.Jt1m 7 1'W 'lu~-:i~111911.Jmff~ii~1il~ 11J1i'lliTrl1i1~mvooflm 1~ml1tu'.i~mvi1rl1 

i1~mvoOfl'il'Wll'tt-:J~1mriio-:i'.i~l'l1m11JiJ'l1lJ'W l'llfll'.i~fl~J1J-:i1-rn~ 3 flf-:i mhihcrude extracts~ q . 

i ~ J'-:i 3 rif-:i lJ7'.i1lJfl'W Yll 'l 'tt11 'tt-:J~1mr11o-:i'.i~m mmu'l-1 lJ'W 1m~1 ri10-:i~~ffww1mr1 1rlm1 'tt-:imh 
q qJ q ti ti 

'Wl tiJ'JT-:iJl'rl'W fl 'ff1'W'liJYlll'll'Wl~V1fliJ'.ilfl 

V d'} ) ~I "" d V d 
.. -fll':l!!Ufltll1'lllflflfllllJ'W !rl1ill ! rlfl1ll''t!!'tl~fll1Vlfl'll'W!Bflilfl1:JW 

'U 

fllj !WflNii\llflWCVl 1i j'.i:IJ'lfl~U1'ey'l'lt ~1 un1 mm 1 V1m1rlm1~Yllfl7'a\9l flN~fl i~ffljiJ1'ey'Vli 

'illfl'ff1'Wfffl~rnm9i'W'Utl-:J'.ilflrl11J~~-:i (Diospyros filipendula) i~m-au1-ey'Vl! 2 'lf'W~lli'l~ 'illflft1'W 

~fl~Wfll9i'W'UO-:J'.ilmi'11UTI'UU:IJ (Diospyros cauliflora) i~mrn1b.}'Ylt 1 'lfU~ 'Wlffl'.iU1LJ''Ylli~l~ . 

iZ-:J'l1lJ~lJ7YlbJ'il'Wltlfl'1fl'l:IW 1~unm-:imiJr11mff1riu ~1V!11ffWfl 
1
H NMR, 

13
C NMR, DEP_T-90 

11'1~ DEPT-135 llrl~lltiViJll1VU'1folJi'l'l'll-:JmiJr11m~1flUfliJffl<ati'l-:JB-:J VliJ1lffl'.iiJ1TI'Ylt~i~'illfl 
~ q 

I Q.J O~ .,:!f, I QI 9) 

~11.J TI fl~rn f)l9i'W 'UD-:i'.il nmu~~-:Jfltl stigmasterol; taraxerol 11'1~ 'ill flff1'W t1n~rnfll9i'W 'UD-:J '.i 1 nm1 

IITI'WUlJfitl lupeol 

., 
""' d fll1 rntt~!CUU'tl ( cell culture) 

"'.d'l Sl'l .J\!J ~Q.) ,I Q.I Q I ..::i.l.rJ SI I 

19/'1'1'1'1 'lf 'U fll'.i'l'l ~'10-:J'W I~ '.iiJ f\11:IJD 'Wlfl'.i l~'l1 'ill flTI1lliJ'W lJ ~l '.i-:Jll 'rl-:J'lfl\91 !~II fl . 
d r/ O d a'.d 'J) ~ d_ 5J 

lJ~\}fl (human cervical carcinoma, HeLa) fll'.inlU-:Jl"l/'1'1 'l'llfll'.il\ll'.i tllJl"l/'1'1'\'lf\11:IJl'UlJ'U'Wl'.ilJ\ll'U 

Ixl0
5 

cells/ml ~1tl RPMI 1640 'l'W culture flask mu'l~~W'Yi.fJJJ 37°C, 5% CO2 1~u'linmiJ'.i~lJ7W 

"' ,. 0 ,I ~ JI ?I 6 • I .,, d ,1.d ~ "' I SI 
2-3 1'W 'il'W lJ'ill'W1'Wl9/'1"1'1"1 lJ 'U'Wl lJ'U 1x10 cells/ml \ll'.i 1'il~l1Jtl'H"l/'Wl"l/'1 '1 'Yllfll~Vl'WN1 rll'U '1'17-:J fli'IO-:J 

~ 

'J) I A a'.d ~ I ~ d t I O 

stereoscope mV11J1llJl9ii'li'l'l'llfll~Vl'WlJlflfl11 80 % 'UD-:JVl'W'l'l'\'l-:J'rllJ~ llff~-:J11TillJ7'.itl'l'llfl7'.i 

subculture il'"i' 

~------- - ------~------- --~---
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'Yl~'iH)Ufl11iJ!li'W~1:16llel~flTHYt1~~1tl!'t1fl'Wfl MTT 

d ,1,d 9,1 fJJ .d 3,1 d 4 9 1 o' 9 3' 
l\l1'.itl:IJl"lf'flrt'VlffHIJl'IJ:IJ'U'Wl'.i:IJ\ll'W'Vl 2x1Q cells/ml rt.:J !'W 96 well plate lJ:JJlCJf'fl'fl.flltl 1\l1 

"' d 'I ;JI ''I I "'"'"'"' d J' "' li]y ~W'\1.fJ:1.J 37°C, 5% CO
2 

'Wl'W 24 'lf:IJ. l'l'HJ 1'\1ll'W 1'il17lCJf'fl'fl:I.J'lf1\llbl"l:I.Jl'.itlMlfl1~'Vl'Y'l'WN1.fll"lf'W~ 11'I 

t ,J. 1 rlcv a,, d d 1 'J} d 
'illfl'W'Wl'rn1JlJICJfMf11Jffl'.ifffl\ol 1\olt1'11rtlJ'Vll1J'W vehicle control UlJ\ol1tl DMSO (0.5%) '11'fllJ'Vl'Vl\olfft11J . . 

~Al9/ 0.1.d 'J/5} I to 
fl17lJl1J'W'Y'IEl1JlJmt1m'.ifffl\ol'Vlfl1llJl'UlJ'U'W 0-250 µg/ml 'Wl'W 48 'lflJ. ffTW positive control 'W'W'Vllfll'.i 

fJ) ,d 9,/ " ~ A ,I a'dAAA .1' 
·. 'Vl\olfft11J\ol1tl doxorubicin 'Vlfl17lJl'UlJ'U'W 0-10 µg/ml 'Wl'W 48 'lflJ. lli:111lfl'.i1~'\11CJf'fl'fl'VllJ'lf1\l11'11tl 

l'Vl'fl'W'fl MTT 

MTT 
. I 

i ,d, QI .i:!I 61 o'AddA A 

\oltllJ'\1'fl flfll'.i'fltl.flltl I 'Wl9Hl'fl'Vl:I.J'lf1\l1'\l~:W 

fl'j~1J1'Wl:I.J'Vl11Jtl~9f:lJ1 'W 1:1.J illlfltl'Wl\ol°'½tl 1:urnQrt MTT n11'.h11mt1t1Q~llJ ill'lfltl'Wl\911 ti ll'cl~l~tl.:J'illfl 

i 'l! . i ?I Ji dd ,!! d ., "' d "I .. 
'fl'.Hff"Jl<l'Utl.:J lJl'clQ'fl MTT lu'W tetrazolium rings CJf.:JlJffl'\1M.:J llJtl'.ilJt!Wfl\ll'.itl'W'illfl!tl'W !CJf:W 

"I ;JI ?I <!I ,. , Ii] , 1; Ji ?I QI , 1 QI 

succinate dehydrogenase 1\ollu'WN'flfl formazan '1':W1.:Jtl'fl~ 1:1.Jrt~'clltl'Wl CJf.:Jlu'Wff\olbl"1'W \oltl\l1Hfl1J 

o ci.d dod~ 

'ill'W TWICJf'fl'fl 'VllJ'lf1\ll 
• • I 2,/ 

_ 'Wlffl'.irtirt1t1 MTT (5g/L) 1n:JJ1\l'l'.i 30 µl ri.:ilw well vi~t1.:Jfll'.i'Vl\olbl"t11J 'illfl'U'W'UlJ.fllt11~ 

"' y <!I ;JI .F-
~W'\1.fJ:I.J 37°C, 5% CO2 'Wl'W 4 "lflJ. tlI11'fl~'flltlN'flfl formazan \ol1tl DMSO (99.99%) u'.ilJl\ll'.i 100 µl 

l I I . i,I ," 

mi'1tl1m1\ol~lfl1'.i\ol\olfl~'Wtlff.:J#i'1mfl~t1.:J ELISA plate reader vim1:lJt111fl~'W 540 nm 'illfl'U'W\Jl~lvi 
. ~ . 

Ii] y . o . "I . a' d a'.d "'"'"' 'i 'I ;JI ., ,J 
ll'llJlfll'W1W'\17lutl'.ilCJf'WlCJf'fl'fl'VllJ'lf1\l1 (% cell viability) 1\oltl 1'lf~\l1'.i\ol.:J'W 

Of. C ll . b ·z · - Absorbance at 540 nm of sample. 100 
- 10 - e via i ity - ------------ x 

Absorbance at 540 of control 

t 'i! ' Q,I 'j) 'J} Q.I 

'illfl'W'Wbl°"Jl.:Jfl'.iWh~'\111.:J % cell viability (llfl'W y) flU'fl17lJl'U:1.J'U'W'Utl.:Jffl'.ibl"fl\ol'\1tl11J (tlfl'W 
>' I >' 

x) 'illflmT1-lllmm'.i m11u1w m 'U'Wl\olm1m <u':u'1iu'Ut1.:i ffl'Jfffl\91'11 t11u 'Yimm'.i av1J v.:i m'J 1 'il1qJ1vi1J 11'1 

'UB.:Jl9/'fl{l:I.J~l~.:JI~ 50% (inhibit concentration at 50%, IC50) 

~ d 1 
1!fl"Jl~'ttfll"JUvlfl6U0-:J DNA !~ti agarose gel electrophoresis 

A rl 9,131,dy,d 5 3,;f 
l\l1'.itllJICJf'flrt'fl17lJl'UlJ'U'Wl'rn\l1'W'Vl lxlO cells/ml 1n:I.Jl\ll'.i 5 ml rt.:J1'W flask 'U'WWl 25 cm lrttl.:J 

lCJf'f1'1.fllt1119i'~W'\1.fJlJ 37 °C, 5% CO2 'Wl'W 24 i1 im 'il1m!uu:u~e:i#i'1t1 0.5% DMSO, DOX [IC50] ll'fl~ 

0.1 o 0.1 J.,, i i d ,,,t ,1 ;l c1 
bl°l'.ibl°fl\91 [ICsJ \l11lJ'fll\ol1J 'Wl'W 48 'lf1 m 'illf1'W'WlflUICJf'flm'M'l1lJ~ 09frt'fllfll~'Y'l'Wll'fl~l9/'flrtll'U1'W'flfltl) 

\JllJlbl°fl\91 DNA ~1tl GF-1 Tissue DNA Extraction Kit (VIVANTIS) i\oltll~:IJ proteinase K 1n:I.Jl\l1'.i 

----- -- --. ----- -----------:----~---~----
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' 'JI 1 I 

20 µI 1vhrv\'1irn.1 hh~'W 'illfl'W'Ul~:IJ lysis enhancer lli:IJWl'.i 2 µI mhvi'1fl1'.i vortex l'Wtl'Yl7'17Ul~tl11:IJ 

19/iHl lli;l~l1:1Jl?itJi1t1 TB buffer mmm 200 µI ~~tl!'HJJ" 65 °C 'Ul'U 10 mvi l~tl\•lfl\9l~fltl'U!1.h~'U 

'l
~ "' I t O J! _I';! 1 Id 

tltlfl '11!'111;ltlll\91 DNA 1rn~ RNA 'illfl'U'W'l11mt1 RNA 'fl1tl 20 mg/ml RNaseA 1J'.i:IJ1\?l'.i 20 µI ~t11J:IJ'Yl 

37 °C 'Ul'U 10 'Ul'n 'illml'm11fl1'.i\?lfWl~fltl'U DNA #{-w ice-cold absolute ethanol 1nf1 load i;l~ column 
I I 'J/ I I 'J/ 'J/ 

U'Wvi 5,000g 'Ul'W 1 mvi 'illfl'W'Wrl'1~trn wash buffer 11rl'1il11uu'Uvi 5,000g 'Ul'W I mvi 'Y179f7 2 r1f~ 
t O lfj 1 

'J) d A 'J) .i=:. dlfl 'J) I SJ 'J) d 
'illfl'W'U'Ul !UU'Ull'H~'Yl 10,000g 'Ul'W I 'Ul'Yl m'nl\91:IJ elution buffer 'Yl l~rll'Ufl'Jl:IJ'.itl'Wll-a'J'Yl 65 ·c 

,,\ 111 ~ .. ~ "' d .. d. I 0 111. I d 111 _pd "I 'l Y. 
l'Vltl elute DNA 'il'W l~Ni;lPHlmJ'~'Ylltlfltl DNA 'YlU'.i'ey'Yl'liJ\-ll'W filter J;l~:IJl 'Wl !1J!fl1J rm -20°C l'Vltl l'JJ 

i-wm'.i'Yl~mMl>iu 1u 

flT'l'Hlfl1liJl'Uil'U'UI\Jll-:J DNA 

lJl DNA ~"1'f1~l#Jm1~filfll'.i~~fl~'Wlltr~#J1mr1iu~ spectrophotometer ~fl11:I.H.111fl~'W 260 
I >J 

nm 11i1u1fil'nl#{:1Jlrll'U1tU'Hlfl17:IJ!9J':IJ'lj''W'lHN DNA !~ti'l<J¥tr\91'.i i~u 
" 

m1rn<ti'mi'mrn~ DNA= dilution factor x 50 ng/µI x Abs260 

' ~ I cJ .cl I 1 QI 

(l:IJ'tlfllf11'.i~~fli;l'Wlltr~ I aJflll'YllflU 50 ng/µI) 

1rlu 1~m1rnimi'mrn~ D~A 11i1i11mui'i.Jm1rn~:wiwuu~'l'Jflfltjrn~'W 100 ng/µI 1~m~u 
. 'JI I I . . j/ 

'ill~f)'l.JlJlflif'U 1Ylui111u load i;l~!Tn'lltl~ agarose l'Uq]'\.J\9}t)'\.J~tllU 

Agarose gel electrophoresis 

'Wl 100 ng/µ1 DNA lli:IJl\91'.i 8 µI (800 ng) Ntr:1Jf11J 6x loading dry ~~'ff1'WrH1:IJf11J SYBR 

·Gold (100:l µI) mmm 2µ1 l~tJli~fll'.ilfl~tl'W~'lltl~ DNA 1rnd'.Ju~n'Wl~ttt DNA ~~fl'.i~'illtl 

t i I ~ 111.,I "' di 'I ~ 'illfl'W'W load M 1.5% agarose gel ~cl 'lffl-:i~lltr ll"I 100 V 'Ul'W 45 'Wl'Yl CJM 1'lf 0.1 µg/µI 1kb DNA 

ladder lli:JJl\91'.i 8 µI !~'U marker 11rl'111m1~11r-i-a1~mr1iu~ dark reader 

ftfl1:Jlflf11:JW~'YIH morphology 61.IB~ DNA 1~t1 DAPI & PI staining 

1V11't1mCJ/c1ii~mi'-w~m1mimi''W lxJ0
5 

cells/ml lli:IJl\91'.i 4 ml 1~mivw1rn~'l.J'I-J cover slide 

~~ll'lftl~l'W 6 weBplate 11i1u:1J1CJ/J;l~.fllt1illi'~mm.;iiJ 37 °C, 5% CO2 'Ul'W 24'JT11:w~ 'il7fll!'U'U:IJ~t)#{1f.l 

0.5%DMSO, DOX [IC50] m1~tr1'.itrf1~ [IC50] \911:IJ~li'l.J'Wl'W 48 'JT11:w~ 'illfltl''U'Wl cover slide ~~~ 

ICJIJ;lilfll~tJ~:IJlefo:wil fluorescent DAPI (4',6-diamidino-2-phenylindole) !!cl~ PI (propidium iodide) 
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.. 

.., j./ q 

'\J'l-!vltl'l-!fll'H'HliHJ DAPI tn'I~ PI 

o a1d j/ "'f.: 
'W119HH'lYHfl7~1J'W cover slide lJl fix 'fl1t.J 2.5% glutaraldehyde pH 8.3 urnl\l'l'J 1 ml 'Wl'W 3 

,, ' 

'Wll1 'illf)'W'W'Yllrlltl RNA ,/(1v 20 mg/ml RNaseA m:WWl'J 20 µl 1'flt.JU:1Jl1 37 "C 'Wl'W 20 mvi ml~ 

.J! 5J t o lr) V 3' ' 
I11-.'.l RNaseA 'fl1t.J PBS 'illO'W'W'Wl !Dffel:J.J'fl1t.J PI [5 µg/ml] mi~ DAPI [5 µg/ml] m:J.Jllll'Jtlt.Jl-.'.ln~ 700 . ,, 

-=Id Aj) ,..J (V 9/ ~ SJ 
µl 'Wl'W 5 'Wl'Vl 'Vl~W'Vi.fJ:IJ'Vitl-.'.llln~u'Jlfl''illntt1;l'-.'.l 'illf1'W'W'17-.'.ll:l'tltlf1'fl1tl PBS 

O r/ ~ £. ~I i} ~ d j/ \1 I ~ 
'W119fnn1J'W cover slide fl11n-.'.l1J'W slide 'illf1'W'Wu'fl'Utl'.IJ'fl1tl'Wlt.Jl'Vllrn1J 11ml111Dl:l'tl-.'.l'fl1tl 

fluorescence microscope flTi-.'.l'UtllLJ 100 !'Vil hw DAPI il excitation/emission~ 358/461 mm tm~ PI . 
il excitation/emission Yi 535/617 rrim vi1ni:i'U'Wl1f1flli'1!!1Jrnj:w 3 \9\ll!'Vi'W-.'.l~tl 1 slide tm~1'Wu~m: · 

O I ~ 

\lllll'H'W-.'.llll:l''il-.'.l.f11i'I 3 !!1J1J flt! bright field, DAPI trn~ PI 

c:. cl c)) ,- QJ rlo rl 1 ~ 0 o ,..I r/ d rl rl 
f)l'J1lfl'il~'Vi'Utlljr! l'fltl'W1Jl9fr!n'ill'W1'W 500 19/M !11J1JLJ'lJ li'ltl'WllJlfll'W1Wlutl'Jl9f'lJ\lll9frln 

~t1~'l 'W ~ nrJw ~\9i1-.:i'l ~-.:i~ nll w~m1 vi'f'ltr'lltl-.:Jt9fr1~t11:l''fl-.:J\il-.:J\ll111-.:i~ 3 11r1~ii1 mrn'il ritl-.'.ltl rJ1-.:iU'eltJ 3 
,, 

fl'J-.'.l 

""' q ""' q 
f1T'J\fl~Hl' DAPI f11'l\flffA PI 

Viable cells vj 'fl ii' ,W 11 'W tl'W l"vi'flii'll'fl-.'.l 

Apoptotic cells · vi'f'ltrfh1"11vrnt1EJ'W n~&wttr.lt1t1,i l"vi'fltrU'fl-.'.l 
. ~ 

vi'f'lii'vh ,"~ tl1Jl'Wt.J'W 11~1~u11 f.jtl:IJ"] 
c, d 

Late apoptotic 'Yi'ltl lll'fll:l'll'fl-.'.l 

Necrotic cells 

hm~'fl::::f11°.i'Vl'fl'fltl-.'.l 'Yllnl°J'Vl'fl'fltl-.'.ltlf!l-.'.lUtltl 3 flf-.:i (n=3) nl':i'Vl'fl'fltl-.'.lfl11:IJ!~'Wo/lll~tl HeLa 

cells 1,ivum1vl1'flt1'1~i.J111m:w microcal origin 6.0 111:l''fl-.'.lr-HH~'Wfll mean± standard error of mean 

~ · r1 ~ &:1 ?1 , ,..I o' d r1 
(S.E.M.) mn1ml~'Vif11'J!l\llf1'Utl-.'.l'W1!flrltll:l' (nuclear fragmention) t11;l''fl-.'.lHrl!u'Wflllutl'Jl9f'W\ll ± 

S.E.M. '.i1lJf11Jflll'lrlW bl1'Wf1111lm7~11f111!!\llf1'Utl-.'.l DNA 1'fltJ agarose gel electrophoresis llrl''fl-.'.JNrl 

1~wnmiw 

- ---- ----- - -- - - -- ----·----



I 
,::j 

U'Yl'fl 4 

V cl'} 'i ~I ... cl V cl 
fft"\011 UUflfl'11 'lllf1rHHtil'W A fl1ill A 'Ylfl1111Uit~fll'j~fl''i1'Wtflfl'tlflHW 

'IJ 

13 

AQ.J (/ A OA ~0 

'illfifll'.i'Vl'fll;ltl-:J!ltlfH--11;1\9\.flill CV11i'.i rn'lfl\9\ 'il'lltl·rn mrnHw1-:i (Diospyros filipendula) CJM 'Vil f17'.i 

Ll'fi'fl~'JtlleJmCJf'W '.ilf1'171J'fl'fl-:J~'W7"7fff1'flihhnumvhnu 3.00 nhni'" ,~ crude extracts '11Uf1 

5.78 ni'" ulK1'111 crude extracts m1wn~e:i~1t1TI'fle:J5m11mm l'Vlfi'.il~ 'il7f1t!l.!l'17fll'.i\9\f1H~f1i~m'.i 

A .& A .c!I .c=l ,::::b.1],P.c:I QI d d ~ d t Cl.I I Q,I 

U'.iff'Vl1i 2 'lfl.!'fl'fltl fraction 4;6 1m~ 5.6.6 m'lfi'Yl 11<>1"1;lf1'J,JW~!Dl.!H•rn~rnt1'flff'lll'J "l.!7'11l.!m'Vl7f1U . . . 

. . ,I' . 

0.0901 1rn~ 0.1268 ni'" \9'\l"rl''i~u '111ff1rnley'YliviifhJ'Yl\l''il'Wmn5n'j,Jcl'~1m'YlffW'fl 
1
H NMR, 

13
C 

. j, 0 j) t A ~d\11 d CIJ ~ J 
NMR, DEPT - 135, DEPT- 90 !lt1'Jl.!l'lltl"l;l'Yl-:J'l1"'fl'lltl-:Jff1'.i'lJ'.iff'Yl1i'Yl 1~!'Yltl'Uf1U'Utl"l;l'lltl-:J H NMR 

~ . ~ 

)3 j) A @ I I 

Ill;\~ C NMR 'illnttlf1Ll'l'.itll-:Jtl-:J!ll;l~ ChemDraw Ultra (version 10.0) 'l"IU'Jl fraction 4.6 ff'J'W 

1 Id I q :t .c:I QJ .1-' A I ,I d 3,/ d y d ~ I 

'11ttrnm chemical shift 1f1t11'fltl-:Jf1Uffl'.itJ7-:JtJ-:JfHWff!\9\tl'.itltl'fl "ff\9'\'J·l'fl'.i-:Jff'.il-:J'Yl'fltlltl'.i'U 1 mrn11 u . q ~ cu 

stigmasterol (Shashi & Asish, 1994; Forgo & Kover, 2004) ihi.1 fraction 5.6.6 lJ~l chemical shift 
. . 

1nf11~t1-:it1ml'l'.ifJl-:JU-:Jn~"i~'.il'Yltlfvli.1 iJffm 1m-:ifff1-:i~m11u'.iu 2 iitl}e:i11 taraxerol 
. . q cu . . cu • 

29 

6 

iu 1 FRACTION 4-6 ij~\91'.i 1m-:iff~7-:Jffl'Ji1-:io-:i n~lJ'fll\910'.itltl; ~017 STIGMASTEROL 

-------- ------ --- ---- ·----------- ---~-- -

I 
. I 
I 
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TARAXEROL 

f)l ';i ff f)\,lllfJflNil \fl.fl ill C}'l 1i '.i '.i JJ'b'l~ 'il 1 fl'.i .1 fl 'llV-:Jl1' 111 I ff 'U iJ JJ 111 fl l';i 'Yl \,I ,rn-:i1 'lf'U I~ tl1fi'lJ ';i 1 flrllfi ~ 

~-:) ffl';j'lJ1cy'Yli~1¢1'illfll';jfff1~'11'Wfl 0.1861 fl'jJJ ih1fl'l:lill~l~'UWl''1~lfltl~~'ll11 nri1 chemical shift 

1mt1~t1-:Jfi'lJffl';i'0l-:JU-:Jfl~JJl'Yl~Hi'W n~m 1f1Hfff1-:i~flrl'1viiJ 3 nti}v11 lupeol (Haque etal., 2006) 

29 

22 

2S 

·. 24 23 

..z:;::;;:. .......... ;..\:;z,.;.. • .;;-.:;;,_ ~.;=-· 
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..:! 0.1 9 01 t .c:::i. cl d ,.I 
f)l'j'Vl'flbl'U1Jt)Yl 1i 'UU·H1'1'HHWI I irn1n111 V-!f)lj !'iJ'jtlj'\JU-ll CJHH'l l.J~l 'j-:JlJl fll.J'fl ~ fl (He La cells) 

1 ,1 o'4 y 9 y ,1 ?I ,l, 1 ~ I ., 0, 0, y y 
'f!Vl'flV-IICJf'1fH'jl.J\ol'W 1'111f11~Vl'Wl1J'Wl1m 24 'l/1 m llt111Jl.JICJf'1'1fl1Jb)'ljb)'fl'flfllll.Jl'Ul.J'U'W 0-250 µg/ml 

11'1~ doxorubicin (DOX) fl11:l.Jl'Ul.J'li''W 0-10 µg/ml (positive control) 11'1~ 0-5% DMSO (negative 

control) i'W 96 well plate l~'Wl1m 48 i11m 'IHl-l'illm!'WiJ'J~lii'W~iJi1-:i'UrN!CJf'1{1 rl'fl'!:JW~1tu~l.J 

!"lf'1rl'. rl'rrnw~i"lf1\l1Vlm9il.J rl'fl'l:JW~f11jlf11~~~14fh 1mvrnviv11nrn"lfm1~'1uv mvilflrl'u-1 

stereoscope U'1~'Wll.J11!fljl~ifttl~l'W1'Wfllj:i"el'fl:j}1\l1'UU-:i!CJ/'1{1~1m'Vlfi'Wfl MTT 

1rloflfl'l:Jlrl'fl'l:JW~'UO-llCJfmfr11vi9"mfo-:i stereoscope V11J11l'Wfl~l.J~'Umi'1v 0.5% DMSO 

o'.c::t Q.I ... I A .d QJ d ,. I .d 'j) ,,, U1 i .cl ,d, ,:::f, 0 ' " 

lCJf'1'1:l.J'1 fl'l:JW~lJ fWI !'11VV~ ml U 'W 'jlJ m ~bl'1V · WU'H l.J!CJ/ft'111'1~ !"lf \l1Vl'17CJfl.Jl'j V1J II '1~:l.J 'ill'W 1'\.JICJ/'1'1 .. q . 

J' I J ll} 1'0.1 J o' o,, \I] I ~ A I I cr'd 1 

!fll~Vl'Wl.Jl flfl11 90% !l.JO I \Pl 'J'IJ fllj I '\Wl!l H<"j !CJf'1'1MrM !l.J'HlJ'fl'ill fl VI 'WIWJ !l\olfl\911-l'illflfllJ l.Jl CJ/'1'1Yl1Jl.J 

~1vmj Ll'fl'fl fim"lf'1rl'ih iJ i1-1 fl'1:l.J i~m VV'fl 1tmfo1CJfm111 "~ !CJ/ i m~m;l.J'\Jj 'U'J ~ rl' fl'l:JW~ fllj lfll~ 
.. q q 

~ A l.l] I I J I c/ J' .c:::i, \I] ~ I I I _.d 1 'J/ I ,/Q CV 

.Vl'Wrl11:l.Jll'W'W !l.JOl'UVll1Jl<"jlCJ/'1'1'11lJ~'illflVl'Wrl1 !~-llV bl'1'WfllJ:l.J'Vl1Jl.JmV DOX V11J11!CJ/'1'1:l.J'1fl'l:JW~ 

. ,,; y o' III 1 cl ,1 "' III I I ,/ 0 ,,; 

fl'1:l.J WO'ttl.J!CJ/'1'111'1~ !CJf \l1Vl'11CJfl.J'\Jj'\Jn fll'J!fll~Vl'Wm ll.Jll'W'W Vl1J!CJf'1'1'1UV'ill'W1'Wl.Jlfl 11'1~!:l.JO 
q q 

O -=>. o' O ,:::t.c:::i, rl'J} A I o'd I 5,/ Q.I 

'Wll.Jl1lm1~'11 ttl'ill'W1'W fllj'jtl'fl'l/1\ol'UO-ll CJf'1'1~1tl!Yl fl'W fl MTT V11J1llCJf'1 '1Yl 1J l.J'fl1 Vbl'l'J bl'fl'fl 11 '1~ 

DOX "~l'W1'Wl"lf'1£~ 'JO ~;1\l1'1'fl'1-l\olll.Jl'l11:l.Jl 'Ul.J 'U'W '\JU-I bl'l'J ~! ~l.J ~'W 11\91 fl~ 1~ 'ill fl fl~ l.J~ 'LI l.i~1 V 0.5% . q 

ftfl'l:l W~'UO-l!CJf'1rl'~1Vfli1U-! stereoscope 
,., 

iJj~ff'Vlll.fllVl'UO-!bl'lj stigmasterol, taraxerol 11'1~ lupeol i'I-Jfll'jEJ1JEJ-!fllj!'iJ1t\j'UeM 

lCJf'1rl'l.J~!~ -iiJ1 fll.J'fl ~ fl "filfllll.J! 'Ul.J'U'W~ EJ1J l-:ifllj l'il 1tyl~1J 1 ll1 'UU-!ICJf'1'1i /i' 50% (Inhibitory 

concentration at 50%; IC50) l'Vhnu 37 ± 2.49, 10 ± 1.3 11'1~ 20 ± 2.6 µg/ml \911:l.JrlWlU i'W'UW~~ DOX 

iiri1 IC50 1vl1nu 4.8 ± 0.86 µg/ml ml'ri~hJJU 4 ~~ JU 7 vn:wrl11e1u 

---- ~ ----- ----- - - -----=-- --- ~--
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[Stigmasterol], ug/ml 

JU 4 m1vl11"'1'\ol-HH'l'UO-.'.lt'11':i STIGMASTEROL ~e)f)l:irnlol~fj~'Utll BELA CELLS H't'lf)l:i 

'\11\o}{l't),:utff\ol-:J h1t1'fll MEAN± S.E.M. (N=3) 
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[Teraxarol], ug/ml 

JU 5 n11vlut1\ol-:JH'1'\J'tl•rnn TARAXEROL ~'tlf111rn\ol;1~'UO-.'.l HELA CELLS H'1f111 

'111\ol't'l'tl-.'.l!!tY\ol-:J 11o1t1'fll MEAN± S.E.M. (N=3) 
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[Doxorubicin], ug/ml 
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iiJ 7 m1rlt1ffrt·HHl'UB·H1'1'J DOXORUBICIN ~tJf1l'j'rnrti11ol'UB.:J HELA CELLS ~Hlf1U 

Ylrtntl.:Jt!ffrt.:J 1rteH11 MEAN± S.E.M. (N=3) 
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~ d ~ 
~-Hlfll'i1Arl'il~'ttfll'iU~fl611el~ DNA i~UJ agarose gel electrophoresis 

~ ~ 

'Vl~'fft11Jfll'HHJfH)'Vlli'llel·HYl'Hl'fl~~t1fll'.iU~fl'llt1-.:i DNA 1~mihi-.:i HeLa cells mrn1'1f11'1fu 

5 l !Ji ,l ?I J, ., i ' !Ji 0, 

lxl0 cells/ml 'Hlfll~'V'l'Ul1J'Ul11:l1 24 '11'1 tll-.:i '11fl'U'U1J1J~1£Jffl'.ifffl~ stigmasterol (Sti), taraxerol 

(Tar), lupeol (Lup) m'I~ doxorubicin (Dox) (positive control) m1111'1f11'lful'vhn1J~l IC50 tie1 37±2.49, 

10±1.3, 20±2.6 µg/ml mt~ 4.8±0.86 µg/ml ~1mhi1J Ur:t~ 0.5% DMSO (negative control) l~'Ul11:l1 

48 '1111m lu flask tlhn~'.i 25 cm
3 

1~unm 48 '1111m ,i1ntl'uil11CJfr:ti/-.:i1111~ (ICJfiti1m~Juuit~ 

ICJfr:tiU'll1'Ur:'le1£J) 1Jlfffl~ DNA ~1£J GF- 1 Tissue DNA Extraction Kit (VIVANTIS) ui1u1m 

11rl'.il~lffl1'.ill~fl'llel-.:i DNA ~1£J 1.5% agarose gel electrophoresis 1~£Jlim~Uffl'VJ~1 100 volt 'Ul'U 

"' 45 'Ul'VI 

~ ~ t/ 9,) I I .d I 9,) ~ 
11Jt111rl'.il~l1fl1'.ill~fl'llel-.:i DNA Ur:t1'V'l1J11 fl~1J'Vl1J1J~1£J 0.5% DMSO lfl~Ufl'IJ (band) l'l'Ul 

dfo-.:i 1 Ufl'IJ U'ff~-.:i11~ DNA 'IJ'Ul~ lmu~-.:i1r1gt1'U~l~hi1nr:t U~fl~H,llfl lumi11~1h1~1£Jff1'.ifffl~ 
u • 

L~ffVi'IJUfl'IJ'H'Ul 1 Ufl'IJUr:t~~rl'mHU~l~'U smear band m1r:t-.:im U'ff~-.:i11n~11~111J1CJfiti~1£Jffl'.ifff1~ 

lfl~fllrn~fl'lleJ-.:i DNA '1'111,.f~'ll'Ul~'llel-.:i DNA U~fl~1-.:if1'UIU (DNA fagmentation) ~-.:il,.f~,rn 

fft1~r1le1-.:in1Jfl~1J~111Jl9ft'li~1£J DOX ~'V'l'IJ111fl~ smear band ~(J11!'lf'Ufl'U (JU 8) 

'.iU DNA FRAGMENTATION 'lleJ-.:i HELA CELLS 
.d I 9,J 
'Vl'IJ1J~1(J .. 

STIGMASTEROL (STI), TARAXEROL (TAR) , LUPEOL (LUP) Ur:t~ DOXORUBICIN 
9) 9,) I QI I ~ 

(DOX) rl111Jl'll1J'll'Ul'Vllfl1Jrll IC50 rlel 37±2 .49 , 10±1.3 , 20±2.6 µG /ML Ur:t~ 4 .8±0.86 

oa1 9,J .::..d 

µG/ML ~11Jl:l1~1J ~1£J11i AGAROSE GEL ELECTROPHORESIS 
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,c£ V 'i' 
~HH)l'Hffl'l:Jl~fl'l:JW~'Yll~ morphology "lie~ DNA !~U DAPI & PI staining 

, ~ 

fll'.i'Vl'fl1;Hl'!Jtj'l'l;'\Jtl~'ffl'H1'tl'fl~tlfll'.ilfl'fl nuclear fragmentation 1\9ltll~tf-:J HeLa cells fl11:IJ 

!'U:IJ'U'W Ix I 0
5 

cells/ml 1tt'im::;u'W cover slide ~~ll'lft'W 6 well plate 'Wl'W 24'll11m 'illflt!m..i:u~1c.J'CT1':i 

'fftl'fl stigmasterol (Sti), taraxerol (Tar), lupeol (Lup) uri::; doxorubicin (Dox) (positive control) fl11:IJ 

3)3' IQ.II ~ OQJ 

l'lJ:U'U'Wl'l'llfliHll IC50 flt) 37 ± 2.49, IO ± 1.3, 20 ± 2.6 µg/ml 1rn::; 4.8 ± 0.86 µg/ml \911:1.Ji"ll'flll mi::; 

~I . r1 1 t O d d a' I 3' 3' 
. 0.5% DMSO_ (negative control) lu'Wnm 48 'lf1 :U-:J 'illfl'W'W-'Wl .cover _slide 'l'llJ!GJfi"!mfll::;eJ~c.JtJ:JJ_\911cJ . 

D,\PI mi::; PI. 1rn::;ftm:11tl'n1JtU::;i'.i11fl~c.Jfffllc.Jil'i'mfo-:i fluorescence micro&copy ~~ DAPI mi~ PI fl 
. ( . . . . 

1tl1inJ1cJl'li~el'Wfl'W~tl~ nucleic acid trltl\Jfl excitation ~1c.Jl[1;l'~fl11:Uc.J11flt'W 358 nm lli"I~ 535 mti 
. w . 

'i]::; emission l~!lff--'.l~'Wll1'W (461 nm) lli;li;ffl!'fl--1 (617 nm) \911:UBWl'lJ 
f I I I I 

o ,!l<j} <1'11J<j)'J d I/JI I ,'l<j} <1'll)<j],S,!l<j} a' 
DAPI ffl:I.Jl'Hlrll'Wltftl'l'i:IJ!GJfi"!i"l l\91 l'W'Utl!::;'l'l PI 1:U'CTl:I.Jl'.itlrll'Wltftl'l'i:I.JlCJii;Ji;J !'fl GJf-:JWel'l'i:IJ!GJfl;li;J 

q q q 

• a'.d -=.id.:::::. QJ d a' & 9) 11] I o<::lt. c! 

'Utl-:JlGJfi;li;l'l'l:IJ'lf1191 1rn::; early apoptotic cells c.J-:J:I.Jfl11:1.Jtl':1.J\j'.itl! (intact membrane) 'il--'.lc.ltl:JJ !:JJ\ol'flffll\91--1 

'Utl-:J PI !!~91'flfh.1111 'W 'Utl-:J DAPI 1 \9lc.llGJfi"lrl'~n;tJ\91'i]::;'Y'1'lJJ;lfl'!:J tU::; fl7 '.i ~\91~ m ::;'i]lcJt) Vl-:Jfftllt'ff:JJtl 

(homogenous) \ili;Jel'flvf~'W1l'fl;tf'ff i'W'Utl!::;~ early apoptotic cell 'iJ::;iifll'.i'.i1:IJ\911fl'Wl~'Wflzj:JJntJ'W'Uel~ 

liY'WitJ I fl'.ilJl~'W (chromatin condensation) ~-:J~\9l~tl111'W'Utl-:J DAPI 'l'i'WllllJ'W trndi'W1lfl~c.Jff'U'WWl 

l~flnll'U fl~ 1rn::;irltJ'Y'l'lJfll'.i ll\91fl~tl--'.l'W1lfl;c.J'ff (nuclear fragmentation) ~-:J'Y'lllfll'.i~'fl~illl'IJ m::;'illcl 

d I • ; ~ 3) . o' . . d & 3' ~ i c! d ~ .:::::. 

1uimmm'7 'ff1tiWel'lflJlGJfi;Ji;l'\)t)~ late apoptotic cell 'i]::;!U'Wi'il--'.lc.Jel:IJ\91\91'1'1--'.l'ffll\91-:J'Utl-:J PI 1m::;'ff'W1l-:J'W 

,::1 CV IJ'f3JI QI 

'Utl-:J DAPI GJf~1~'1Ji;lfl'!:ltl!::;'UeJ-:J nuclearfragmentation !\9ll'lf'Wfl'W 

1rleJflfllllrl'fl'!:ltl!::;'UtJ-:J!GJfi;Jrl'llll'lJ bright field i'Wnzj:JJ~11:U~1c.J 0.5% DMSO 'Y'l'!Jlll"lrnrl'n 

rl' fl'!:l ill::; m ~c.J 'fl ita tt :I.JI G}j'i;l rl'11 c.J'IJ ij 'Utl 'IJl 'U \91 'lf'fll'il 'W ( '.i 11 9 A) rl' fl'!:l w ::;-w 1 I fl~ tf 'ff 'Uel--1 l G}j'i;l rl' 'il 1 fl fll '.i ~\91 fl 
q '" 

DAPI ('.iU 9 B) 1rn::; PI ('.iU 9 C) 'Y'l1111!GJfl;lrl'vr-:i'l'i:U\9l~\9lflJ111'W'Uel-:J DAPI 1\9lcJ'Y'l'IJ!GJfi"lrl'11n~ 96.88 ± 
·'" '" 
,::g~ d. -,:::,.c1~-,:::,. .ci .ci ~ 0 'j/ 

1.29% "Ji.,'J'W'JI fl ~l'Jb't'l91~H't''W ll~'Wl! urn ':itf'lJl'W Ut! ft:!Jl! ff:1.Jmm:;;l'lu early apoptotic cells 'illt!lt! t!el l'J:!Jl n 

l'Wtf-:J 3.12 ± 1.29% ll~ll.J'V'l'IJlGJfi"lrl'~rfo:u~'fl~ll'fl-:J'Uel-:J PI (late apoptosis cells) 

1rla ftfllllrl' fl'!:ltU::;'UtJ-:JlGJfl;l-al! 1111 bright field i 'W flzj:JJ~D:U~1c.J'CT1'.i bl'tl\91 stigmasterol (Sti), 

,d V V 
taraxerol (Tar), lupeol (Lup) irn::; doxorubicin (Dox) 'l'l'fl17:JJ!'U:JJ'U'W 37 ± 2.49, 10 ± 1.3, 20 ± 2.6 

µg/ml 1rn::; 4.8 ± 0.86 µg/ml \911:IJBllii'lJ 'Y'l'IJ!GJfl;l-ari1'W:1.J1f1iitl'n'!:lw::;1GJfrirl'n1;1:u illmvt1'fl 1tmJ:u1GJf1;1-a 

l~'W~:IJ'Y'lel-:J (bleb) 9/c.J l\il'Y'li"ll'ff:JJ'U'.i'U'.i::; 1rn::;n~l'W1'W'Uel--'.l!GJfl;l-al;l'fli"!-:JlrlatvicJ11flllflri:Ufl11lfl:JJ (1U 9 D, 
q q q q qJ 

G, J & M) (\911'.il-:J 4) 

d. d? Q.I ..::::i .ci r/ <C::l .ci I I d. I 'j/ QJ 

!:!Jel ffflllli;J fl'!:IW ::;'l-!11 fli"I c.lbi''Uel-:J!Glii;Jl;l'ill flfll'.i 191'fl 'ff DAPI trn::; PI 'Y'l1111 f1l;l :IJ'l'l 11:U\9l 1c.Jbt'l'.i 'ff fl'fl 
q 

-- --- - ------ -- --- ---------------------- -------- ---- -
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' ,, 
ffUllft'lJcl!!~thJ~\ol~ PI 'Y'l1H9i'1rl'ihf f1llill~ early apoptosis cells 30.27 ± 0.9% !\olVl9!'1rl'fi~lJtHi 

tJ11fl~ffff~\ol~l17t~'W (DAPI) l~'W'l1VeJll"l (nuclear fragmentation) ll~!il~\ol~ PI (Jil 9 E) 11-a~Vl'IJ late 

apoptotic cells 30 ± 2.59% 1mH9i-arl'ntju~i'.iiJ11fl~V~~\ol~J11~'W (DAPI) i1:ut1'1Jffll\olsl (PI) l~'W 

'Yifltl:W"l (nuclear fragmentation) (Jil 9 F) (\fll'.ilsl 4) 

l"limfnrlu~U:U~'-WmHYtl\ol taraxerol Vl'IJl"li-ailUfi~ 64.7 ± 12.09% i\olm"li-ailnrl:u~i:i 
q q 

tJ11fl~V~~\ol~J11~'Wll'IJ'IJl1V'IJl'WfJ'W'ffJ1rnlJeJll~!lJ~\ol~ PI Vl'IJl9rnrl'i:iirn1w~ early apoptosis cells 

23.8 ± 0.99% il'im"li-a~fi~lJdi1iJ11f11l£J'ff~\ol~J11~'W (DAPI) l~ti'11EJ'fJlJ"l (nucl~ar fragmentation) 11\ll 

iil~~~ PI (Jil 9 H) 1rni11~~'Y'lil late apoptotic cells 11.5 ±1.37% i\olm9f-ailfl~lJdi:iiJ11flflm1~\olffl11 

l~'W (DAPI) i1lJtl'IJffll\olsl (PI) l~'W'l1VeJlJ"l (nuclear fragmentation) (JiJ 9 I) (\fll'.ilsl 4) 
• I • ' •· • • • jJ 

!9i-acl'ntjuviulJ~1Vm'.i'fftl\ol lupeol 'Y'l'IJl9i-arl'un~ 45.95 ± 1.50% i~m"limlntj:ufli:iiJ11r11lvi1' 

~\olfftl11~'WIIU'IJl1vrni1m .. rntl1rnueJ11~iiJ~191~ PI 'Y'l'IJl9rnrl'i:iim1ru~ early apoptosis cells 42.23 ± 
V ii . 

2.51 % !\oltll"li'1ilfltj:w-wi:iiJ11r11lmY~\olff'l,J1i~'W (DAPI) l~'i-.!'11VeJlJ"l (nuclear fragmentation) ll~!il~\olfl 
., ., 

Pl (JiJ 9 K) u-a~Vl'IJ late apoptotic cells 11.82 ± 6.01% !\olt119f-ailfltjll'Wi'.iu11r11lv'ff~\olff'Ull~'W (DAPI) 

i1:wn'IJCT!l~sl (PI) l~'W'\1EJtllJ"l (nuclear fragmentation) (JU 9 L) (\fll'.ilsl 4) 
I • • jJ 

!CJJ/;lcl'nci1Jviumi1vi1'1'.i doxorubicin Vl'IJICJJ-ailUfi~l'WVsl 5.39 ± 0.89 % il91m9f-ailficilJui:i 
q . . q 

• :l,) • I • 

· U1lfl~V~~\ol~'I-Jll~'Wll1J'IJl1V'IJl'WViim111'fflJeJll~!il~\ol~ PI Vl_'IJ!9fm1i'.iim1ru~ early apoptosis cells 
. . . : .. ~ . . . . ·w . . . . . - .. 

74.39 ± 4.3% i\olmGJi-a~n~:uui:iiJ11f1~£J'ff~\olfl'Ull~'W (DAPI) l~'W'l1VeJlJ"l (nuclear fragmentation) II~ 

11-i~\ol~ PI (~iJ 9 K) 1rn~1rn~'Y'l'IJ late apoptotic cells 20.22 ± 2.01 % i\olm9fm1ntj1Jti:iu11f1~V'ff~\olfl 
jJ . . • 

lJll~'W (DAPI) 11:IJtl'IJflll\ol-:J (PI) l~'W'l1Vtl:W"l (nuclear fragmentation) (JU 9 L) (\fll'.il-:J 4) 

l 
I 

I 
I 
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DAPI Pl 

,.,I Q,' ti .:::i. d 3J j) d 

':iIJ 9 U'ff\91 ,Hlfl'lH.U ~lCJfiHHnl ~ U 1lrHHJ'ff 1llflfil':iEJ'ellJ\911f.J ff DAPI LH'l~ PI, B = BLEB, N = .. 
NORMAL, E = EARLY APOPTOSIS, L = LATE APOPTOSIS, SCALE BAR = 10 UM 
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\911':il-:J 4 llb't'\ol-:JllhJ{l~lJ\9lf11':ilfl\ol APOPTOSIS 11'fl':i1~'11tl1f1f11':i~\olff DAPI !nl~ PI ~ 

'W11'fl~tlbl' 

%Normal cells %Early apoptotic cells %Late apoptotic 
(homogenous DAPI) (condensed or or necrotic cells 

fragment DAPI) (PI) 
0.5%DMSO 96.88 ± 1.29 3.12±1.29 0 
(negative control) 
Stigmasterol (Sti) 39.73 ± 0.99 30.27 ± 0.9 30 ± 2.59 
[37±2.49 µg/ml] 
Taraxerol (Tar) 64.7 ± 12.09 23,.8 ±0.99 ·· 11.5 ±1.37 
[lO±U·µg /ml] 

·, .. '• ... 
'• .. -., . •.·• : ~ .. ," 

Lupeol {Lup)· 4.5.95 ± 1.50 
,_ ._ -

42.23 ±251 U.82 ±·6.01 · 
[20±2.6 µg/ml] 
Doxorubicin 5.39 ± 0.89 
[4.8±0:86 µg/ml] 

74.39 ± 4.3 20.22 ± 2.01 

(positive control) 
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fll'.i 1wnN~\91S1'illCl11i'.i rn'Jf1~u1trYJi li'1vi1i 1 mm I 'VI m1vl !l1;1~v\'1m1\9lflN~ rnnmhwtrn1>1 
q 

!3n!"b''W'UD..'.l'.i7f1rl1'U\ol\ol..'.l (Diospyros filipendula)lli'trnu1cy'Vlt 2 'lf'U\ol !11;l~'il1ffff1'W'fffll>l!3f1!"b''W'IJD..'.l 

'.i1flY111!!bl''W1hJ (Diospyros cauliflora) 11i'm1u1cyV1t J 'lf'U\ol U1ffl'JU1cyYJn~11i'in1:1J1>1m'W~'ilU 

mnrl'mrnr l\olV11l'VIN'ff!U'fl hntr1'flil ~1Ei!'VlffW'fl 
1
H NMR, 

13
C NMR, DEPT~90 1rn~ DEPT-135 !!ft~ 

!lli VU! vi vmrmm vnrn1 U'fl 1 \91'.i tr! 'flUfl'Utrl'J-6'1..:i ~ ..:i 'VIU 11'ffl'.i1J 1 tr'Vlt~ ,~ 'ill flff1'W 'ff fl\ol!3fl!"b''W 'IJ'tM 
• q . 

'.ilflrll'U\ol\ol..'.lAD stigmasterol, taraxerol 111;1~ 'il1flff1'W'fffll>lHJf1!"b''W'IJD..:J'.i1flY111!l'ff'WUlJAtl lupeol 

'il 1 f1N1;1 fll '.i ftfl'lfl1 'ilV!~V1fl1J ff'.i '.i'Yl'fl'ill 'Vl1..:J Vl 'VIU11 I flDU'l'l flff1'W'Utl..:J~'lfl 'W ff fll;l Diospyros 
q q q 

l~ii f11'.i \91 '.i 1 'il 1:l'D'IJ 1 'fl'.i ..:i tr! 1..:J'VJ 1..:J! 'flJJ !I l;l~'Yl 'lJ 'ffl'j 'ffl'flt)J l 'W ff1'W ~1..:J '7 \Pl..:J!! 'ffl>l-.1 l'W \911'.i 1..:i 1 'Yl'IJ 11 
,, 

triterpenoids mi~ naphthoquinones m~'il1V!fltl'Ul'Jflff1'W'IJD..'.l~'lf'lf'U\ol'W 'ffl'.il'Wfltjll terpenoids 'Yl'IJ11 

"' 9 ~I "' llJ 9' ' 90% 'UD..'.ll~'lf !'W Diospyros species !u'W'lf'W\ol triterpenes: pentacyclic core l\olllf1 lupine, ursane, 

..:S I e::fe:::1 et 'j} d 
oleanane, taraxerane, friedelane "b'..:Jff1'.il'Vl1;ll'Wll(]'Vl1i\9ll'Wll~IH (anti-cancer), anti-HIV Im~ anti-

,,. . 

inflammation (Mallavadhani et al., 1998) \91..'.l'W'Wffl'.i'illfl~'lfl'WffQl;l Diospyro_s ~..:i1~f'Um1:1.J'ff'Wl'ill'W 

fll'.i ftf)'tl 11 ~Di ~J 'W 11tl 'W Vl1 fl'tl l:IJ~l1 ..:i· ~~li'W 1'Vll-.111<l..:i l 'W fl7'.ifo1J71 '.i j;rn~11 ..:i fiB nni'l1ti VTU 7 i ,r 
l"b'l;lci' :u~&..:im vu u u apoptosis i..:it!'W..:J 1'W1'ilVd~..:iftnm1hd1YJ 1l fll'Yl'IJD..:J'ffl'.i'U1"Q''Vli ~I~ 'illflff1'W 

'ff fl\ollel f1l "b''W'Utl ..'.l '.i 1 f1 cl 1U \ol\ol ..:J ~D stigmasterol, taraxerol 111;1 ~'illflff 1'W 'ff fl\ol!3n!l:Ji'W 'IJD..:J '.i lflYl 71!1 ff'W Ull 

fiv lupeol ~D fll'.i vu t..:im'.i l'il 1t)Jl~'IJ l\91'1JD..:Jl911;lrl'll~l1..:iu1mrn~n (HeLa cells) fll'J!l)'} fl'Utl..:J'U1l'fl~V'ff 

!11;l~fll'.ill\91fl'UD..'.l DNA 
,, 

'ulflf11'.iftfllll'U'.i~ih111m'Y'l'UB·H1'1'.i stigmasterol, taraxerol l!l:l~ lupeol iirn7'.ifJ1JfJ·Hll'.i 

"' "' '1 " c:i - I 'I 9' ~I .., o ci 9' 
l'il'.iilll\91'U lfl'UD-:JIGJitrnll~l'.i.:JulfllJ\ol-elfl 111;1~ l'lf DMSO IU'W\911'VJ11;1~1;17V 'il..:J'Vl\ol'ffDU\ol1V 0.5% DMSO u • 

~I ' ' ,!, ~I "' 1 c:i d9 ~ _<f "' lu'Wf1~:IJ negative control 'ff1'W doxorubicin 91..:Jlu'WVl'.ifl'tll 1'.i'flll~IH'VI l'lf !'WU'il~'U'W (Primeau et al., 
,, ,, 

2005) l"l'U11'ffl'.i stigmasterol, taraxerol 111;1~ lupeol l'l.:J3 'lf'U\ol'ffllll'.itlV'lJU..:Jfll'.il'il1t)Jl~'lJ l\91'\Jtl.:J 

"c:i \JJ9' 9'9' d~~ I""' 
l9/-el1;llJ~l'.i..'.lU1f1lJ\ol~f1 l\ol\91lll'IJ'Wl\ol'fl11lll'Ull'IJ'W'IJD..:Jffl'.i'Vll'Ylll'IJ'W (dose dependent) \olVlJ'fll IC

50 

1vi1nu 37 ± 2.49, l 0 ± 1.3 1rn~ 20 ± 2.6 µg/ml \9llllrl°71Pl'IJ l'W'IJ'ill~~ DOX ii~1 IC
50 

1vi1nu 4.8 ± 0.86 

µg/ml 

Doxorubicin U'.i~il'VITI.f1l'Yl~f11l'ffl'.i stigmasterol, taraxerol 111;1~ lupeol lllfl l~D..'.l'illfl 

.-:::11 31 ~I & a ~I & d 
doxorubicin lJ 1m.:im1.:i1u'W quinone-containing anthracycline 9/..:Jlllu1'\1ll7Vr.ltlfl(]'Vl1im'Yll~l'ill~'il..:J'VI 

291588 

- ----------------- - ----------- ------
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~ I '¾ ' 0 'J) ll] cl cl O 31 d9 
DNA ll':il1U!r'il.J'W719171:'li'W minor groove 'Vllhmrn !C)/lJ topoisomerase II C)!-:J'V1111'Wl'Vl !'Wf17Hli:'lW 

.::!. l!]• 0 lq'J) QI cl & d. 0931 cl 
lflm.11'\Hn double helix t:IJ'ffllll':itl'Vll-:Jl'W !'fl fll';H'Mlfl':i1~11 DNA 'iM11cJ'fli:'l-:J ll't'l~l11'\.W1'W11111911:'li:'l 

q 

I I lq cl 9 3,/ QI .d 'J) .d .dlfl I & 

\ollEJl!llll apoptosis (Fomari et al., 1994) ll\91tW1-:J 1rnmllfll':i 1'lf doxorubicin cJ-:JlJNi:'l'Ul-:JlrW-:J'Vl !ll'Y'M 

u ':i ~bl'-:i r1m fl 1 ~ a-:i 'il 1 flu a flq 'V1 i '1117 mm 911:'l clU fl~ ~1cJ i-:i1T-:iij<u'a 'ill tl'fl i 'W fll ':i i oU 111-i bl'U'il 1 fl'vhi u 'r:H:Jn 

Diospyros n q'Vl ,h~ 1-:J Lni'lf1'Vl cJ111 m cJ'lf'W'fl i-:i11 bl'fl-:J, 'W \911 ':i 7-:J 2 111:'l~tll 'il ij Nil <u'1-:i1 ~ cJ-:J 'W a cJfl'"J lEJlllN'l-! 

• 'f ., , llJ cl l ., "''l di _. ~ ,J ., """ "' ,, • I 
u'ilill'W m.11-:J !':ifl\9\lll'ffl':illl\917 lli:'lcJCJ/ 1'l-!'Vl'lf1-:Jr1 Diospyros 'l-!'l-!'U'l-!flllTlifll':iblfl'fl bl.fll'Vlt,Jllu':i~l'Vlbl' 

d ·31 3' . . 
lli:'l~bl'-:Jll1'fli:'ltlllv11tl (Gu era!., 2004) 

'illflm':ififl111~Nl'Wlll'Y'nJ11'ffl'J naphthoquinone fl'f1'fll~'illf1 Diospyros ·maritime (Higa ei 

al., 2002) ij fJU!bl'lJ1J~ vrnT-:i fll'J l'il 1t\j'UeJ-:Jl9ii:'lillJ~l1-:i i 'l-!'J~i1J111:'leJ'fl'Yl vli:'leJ-:J ll'i;l~l11ticJ1'Wl ittl9i't'lil\911cJ 
~ .· . 

' QI QI \J] ti 
. llllll apoptosis (Chakrabarty et al., 2002) Nl'W'V11-:Jfll'JcJ1JcJ-:JleJ'W !9/ll DNA topoisomerases (Ting et 

d >I 

al., 2003) fll'Jfifl111bl'l':ibl'flvl~1cJ 70% EtOH 'illfl'ff1'Will'UeJ-:J Diospyros Seychellarum ijq'Vln1Jll1J-:Jfll'J 

. l'il1UJ'IHN Jurkat T lymphocytes lvlcJ'ill'W1'Wl9ii:'lil~\9l1EJ!yf lJ\9lllJ'U'Wlvlfl11lllilli'W (dose-dependent 

resp_onse) nfln i flfll':i \911 tlllllll apoptosis flt) ~tyl~tlfl11lJ~1-:Jrlf1~i'W Ill l\9lfleJ'Wlvl1 cJ ll'i;l~ij chromatin 

condensation (Buenz et al., 2007) 

fl1':iv119irH1l n vi apoptosis ~-:i l fl'fl 'ill flfli-:i in'll 7 i ttl fl'fln'ty tylW m cJi 'WICJ/i:'l £11 i 1 i ttl C)!i:'l ifij fll'J 

lU~tl'WllUil-:JJ'U'.i1-:im'Vl1~ fleJ i9i't'li111vl\911 (cell shrinkage) 1tmfrn9i't'lilij'(;lf11JW~l~'Wt:)-:J (plasma· 
. . . . . . . ·. . . . . . . . . 

membrane blebbing) 'W1lfl~tlbl''J1ll\911tl'Wll'W'W (nuclear condensation) 1m:iJ7&l'Wlfll~fl~:i.J (chromatin 

I cl £ cl 9 9J I c{,Q 

aggregation) DNA i;JfWeltllU'W'lf'Wl'i;lfl"7 (DNA fragmentation) lli:'l~ 1'W'J~tl~i:J"fl'V1Wf1'1'W'Uel-:Jl9irli:'lllfll'J. 

I clcicl d di 11 I • 

ll\9lfltltltll1J'W'lf'Wli:'lfl"7 l'Jtlf1 apoptotic bodies 9i-:J117fleJ~i'W'J1-:Jflltl bl1'W'Utl-:J apoptotic bodies 'il~i;Jfl 

fil'ilvl l \Pl tll 9ii:'l rfi 'W ':i ~ll ll t,JJJ~lJ fl'W I ~wi macrophage i-:i il-i1nvi fll rn':i ~'ill tl'Ue) ,:jft'l'J I U V-:Jl 911:'l rl'<u'1-;11fit1-:i 

flt) ifrv'i 7 i ttl fl\P] fl1 ':i 'eJ fl! fl'lll 11 :WeJ'W flll fll'j \91 ltlllll ll necrosis ~ 'il~'Vl l]{l flll W~'Ue)-:Jl 9/i:'l i1 ll 1ll illn t71'J11 'fl 

1911'\JeJ-:J 1 m JJ l~'W 1rlm¥rn9inr1ll\olfleJeJ fllli:'l~'Vll itt' 'UfNl11&11f 1mrnmri fllcJ'Wtl fll9ii:'lr1 (Elmore, 2007) 
q ~ 

i-:itl''W fll':i m~ tll'W 7 i ttl'lii:'l r1\9l lcJll llll apoptosis i-:i1il'Wll'W1'Vl 7-:J~'Wlff'W i'ilrl111 ru fll'J...rwimt11fom 

1 'jf)JJ~l~" ~-;)cJlr fllllll~!~ -:i~ ij fli:'l lfl i 'W fll'j rnti LJT\.Jl i ttl9ii:'lr1lJ~l~ -;1\9\lcJllll ll apoptosis l~ll fi 

doxorubicin (Wang et al., 2004) l~mi''W 

,:;:g v & ~I Q tf ~ 
fll':irlfllll'fl'lU agarose gel electrophoresis C)!-:Jlu'Wt71'.i1lfl':i1~11l'lf-;lrJU!fll'Vl (qualitative 

analysis) 'VI ll 17 bl'l ':i stigmasterol, taraxerol lli:'l~ lupeol '1111 i ttlfl'flfll'J 11\olfl'UeJ-:J DNA 1 vlcJ'Vl lJ'(;l fllltl!~ 

'UeJ-;J smear band l'l5'W!~tl1tllll9ii:'lil~UlJ~1cJ doxorubicin ~-:i smear band l~'W\911'U-;!;11 DNA tlfl\91\Pl 
~ 

llll1Jll-i~llllllW~'WbJ'll (non-random digestion) ~-;!l~'W'(;lf11JW~'Utl-:Jtll'J\9lltlll1Jll necrosis (Lieberthal et 
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' Q.J & ~ 0 

al., 1996) ll\9lfll'.i\9llc.llllJlJ apoptosis 'i1:::;V11Jf;lf11Jru:::; ladder band GJMlf1\Pl'illf1fll'.i'VINl'W'UtM caspase 3 

im:::;caspase activated DNase (CAD) IU\ll\Pl'ffltl DNA ~'JJ1nru intemucleosome l\91!U'W('W!~f1'7 
~ ~ 

.,::g ,d, ... I QJ Q.I 

'IJ'Wl\Pl 180-200 bp 'il-nn:nt1 DNA u'.ilf1fJ'Vl<l mono-nucleosome ur;1:::; oligo-nucleosome !'Vl'.il:::;'Q:::;'W'W 

.:::_icj l.rJl.rJ9'1 i .Q 095' rl c::,.., 31 rl 
'il.:JlU'W ill !\Pl1lbl'l'.i'Vl-.'.l 3 'lf'W\Pl 'Vil 1l'l!CJff;lf;l:1J:::;lH1Jlf1:IJ\Pl\Jf1\91ltllllJlJ apoptosis trn:::;ey\Pl'Vlltl!CJff;lf;l 

" 1 d , 1 ;;SJ c1 d ,. 
!1Jf;ltl'U!!1Jr;l-.'.ll1J'U secondary necrotic cells 'il-.'.l'VllJ smear band 'Vllf1\Pl'illf1 DNA fragment 'UtM late 

I I .c::! .Q 

apoptotic cells llf;l:::;'fll\Pl17'Ul'il:::;'VIU ladder band 'Vllf1\Pl'illf1 DNA fragment 'UtM early apoptotic cells 

'i1iJ~1t1 11~t~'W i#i'illim'il'W i.:itT'W 1-w rn1ffn'hl1T1f .:i~t111.lm'.ivi1m1f'fn1n~nm~1.:i<') fl'Wi~mnnm · 

-~i'rlm:::;bl':IJ~'Vllittlfl\Pl early apoptotic cells irn:::; ladder band ~.:i'iliu.:i;i#i'uuiwJ11CJirirl'\?lltl!!lJlJ 

apoptosis 

nl'.iflfl'hlln7'.i!!\?lfl'Utl-.'.l'W1lfl~tlff\911tln DAPI & PI staining ~.:J!1J'Ufll'J1!fl'Jl:::;'\1!;.:immru 

(quantitative analysis) 'IAl1Ji1i'Wnzj:1J!CJff;l£~u:1J\911tl'ffl'.ilf.:i 3 'lf'W\Pl 'VllJ early apoptotic cells ('W1!fl~tlbl' 

!!\9lfl ur;1~~\Plff DAPI u~i"~\Plff PI) ~.:i1tlmfn1Jru:::;'Ut1..:i1CJfr;1rl'i\i11o1 (ff PI t<u'11CJfr;1tl"i#i') ilm1 

'J1:1Jflzj:1J'lltl-.'.ll~'Wit1 l'fl_'.i:IJl~'U llf;l~lfl\Plfll'Jll\?lf1'1Jtl-.'.l'W1!fl~tl'ff 'IJU!~l~tl1fllJ'VllJ late apoptotic cells 'rl~tl 

necrotic cells l'l!'UflU I\Pltlfll'.i'VJ\Plf;ltl..:J~!U'Wf11'.i'VJ\Plf;lt1..:Ji'U'J:::;\ol1Jr'ir;ltl\Pl'VJ\Plf;ltl..:J (in vitro) ~..:il"ll 

m:::;Ul'Ufll'.ifll~\Pl early apoptotic cells I\PltllCJff;l-ai'W'.i~lJlJ.fJlJ~:IJfl'U (Kurosaka et al., 2003) ~-.'.l'Vllitt 

ea~ly apoptotic cells lU~tJ'U!!Uf;l..:JlU'W late apopt6tic cells (Hebert et al., 1996) !rn~trlmf:IJ!CJff;lrl' 
• ~ . . . .- . . . . . .c:1 .d -~ ~ d QJ )f sJ. . ti ~. · .. 

Wtl:IJbl'fll'VI (loss of membrane integrity) :IJ permeability !'Vl:IJ:IJlf)'IJ'U CJf..:J:IJf;lfl'hlU!:::;!tJt1'11:IJ!CJff;lf;l!'rl:IJtllJ 

necrotic cells 'l'llitt late apoptotic cells ~\Plff PI ~'W1!fl~tJ'ff ~.:il"'ffl:IJl'.iiH!tJf) late apoptotic cell trn:::; 

Q.I l.rJ 9)9) 9) ,:::! 

necrotic cells tltlf1'ulflf1'U !\Pl\Pl1tJfll'.itltl:IJ'ff PI 
!1J !J/ I I .:V 

l'W m'.i V1\Plr;1t1..:iT1! ..:ii1i#i'11!'Wffnmm111.l~ti'Wuur;1..:iYirl'n1Jru:::;-w11T1~timrn~ DNA tviTu'U i.:i i" 

'ffl:IJ7'.iiJ\9ltllJ'flliJ7:IJfJ..:Jflf;llfli'W'.i:::;iul9il\?l'Vlmcii:iJ llf;l~l:IJ l\9lfltl'W!\Pl1tJl\91 l'l!'U caspase trn:::; Bcl2-

family !U'U ~'U ti tJl-.'.l l '.i 0\911:IJ'illf)..:Jl'U 1~t1flf ..:i6l1mi1m1"i..:i 3 'lf'U \Pl 'ffl:IJl'.itltJUJ..:im'.il'illqJ!~lJ l\9l'Utl-.'.l 

lCJfmi:iJ:::;t1 nh fl:l.l\Pl\J fl 1 \Pl tll'rl~tJTW 1111!9if;lrl'ln\Plfll'.i!!\?lfl'Utl-.'.l'W1lfl~ tJ'ff 1m:::;1n\Pl fll'.ill\91 fl'Utl.:J DNA ~ 

!U'U ~ fl'l;j\;U:::;'yj~.:J~ 'fflflt1) l'U m:::;u1'U ~1'.i lfl\Pl apoptosis ~-.'.l!!\?lfl~l.:Jfl'WtltJl-.'.l 'lf\Pll'il'W!rlmYi tJlJ nu flzj:IJ~ 

, "'" Ji ;;SJ"' o IIJ""' ,,, ", "" d9'19 lJ:IJl9/f;lr;l\911tJ 0.5% DMSO GJMllJ'W\911'Vllf;l:::;mu !!f;l~ !lol'Vlbl''il'Ullf;l11l'IJ'Ul\9lfl11:IJ!'IJ:IJ'IJ'W'VI !'lf !'Wfll'.i 
SJ 

'YI \PlmMtli"1 U'W W'hl~tl! 91r;1-a:1J:::;1~ ..:il11 fl:IJ\Pl IJ fl 

mm 1 ey'Vlt ~ i \91 'ii 7fl'CT1'Ubl'fl\Pl!fffll9i'W'Utl.:J'.ilfl'rl7'U\Pl\Pl.:Jrit1 stigmasterol, taraxerol lrn~ 'ill fl 

'ft1'U bl'f1\9l!eJfll 9i'U 'U tl .:i '.i 1 fl'n 71 lW'U 11 :IJ rit1 I upeol 'W l'iJ:::;l) ftf)tlfll VI~ 'i):::;tJ 7 m lf wim ! ~tl 111 'J1:IJ fl'JJ! fl lJ 

Ul'U\Pll U'U nl'.i fomtllJlJ Nbl':IJN'ffl'W (complementary therapies) f;l \Pl f)l'J f17 '.i '14' WI 'U1 f;l f1 f;l1 :IJ 'Utl-.'.l • 
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r/ cl S/ d d £::to Q./ 9) .:::I O a., ~ 'l j/ ~I .Q 

l 9f~HllJ~l '.i -:J ll -a~-a \Pl Nrl 'IJl ,H 'fltl-:J'Vl'il ~lfl\Pl'ill f)fll ';j '.ifl1fl\Pl 1m 'fill 1J11J \Pl '11 '.i om 'ii 'lflu'I-H'fl '.i'ill f)'jj '.i nl'lfl\91 

1f10 ~'iNf1'W'H~OfJUJ-:i fll'.i lfl\Pl 1 '.i'fllJ~l~-:J 'l'W'.i~U~U11 (chemopreventive agent) ~-:Jff0\9l'fl~B-:JfllJfll'.i 

f m.b ~'Vl l'W rrrnm~ vi-a "1~ 'ii ~iio\91'.i 1 fll'.iln\911 rn:u~11-:irn-:i'lf'W \9luoun11 N'~ 11-if u f m.h-~'Vll'W Nfllm~ .. 
"1 ;J) d. <l/ "1 ~ I J" cl ,e:;S lJ\ IQ Q I r/ Q 

Nrl lJ l'WD-:J'illflNflllrl~Nrl lJl'Hrll'WlU'WOl'\11'.i'il-:J !:IJ:IJ'V'l'l:l\910l9frlrl'Uf1\91 

., 
fll '.i 'Vl \Pl ff O lJ ff 7'.i siigmasteroI; taraxerol llrl ~ lupeol 'l 'W fll '.i EJlJ ti-:i nu l 'il 1tl)l~lJ 1 \91'\JO.;J 

." . . 21· . ,I. s.i . . ' >, , • • ' 

l9frlrl'll~l~-:J'Ulf.llJ\Pl~fl (HeLa cells) 'V'llJ11ffl'.i'l1.;J 3 'if'W\9liit]'Vl1lVlJV.;Jf11'.il'il1tl)l~lJ 111'\JO~lcilrirl'ti~11.;iit 

lllJlJ dose-dependent 1m~1rlo~fl'l:11flrllf1fll'.iOOf1t]'Vli'llo-:imnZ.;i 3 'lf'W\91 'illflf11'.i1l'fl'.i7~'11f11'.ill\9lf1 

'tlo--:J DNA ;1tll'Vl'fl'W'fl agarose gel eletrophoresis 'WlJ11'1'17'ltt DNA ll\9lfl 1\9ltll~'W!1'.l'W smear band ~-:i 

~I a., 31 Q rl 
lu 'W -a ffll U!~'IJD-:J fll'.i \917 c.Jll lJ lJ apoptosis (late apoptosis) llrl~ff0\9l'flrlO.;J fll'.i1l'fl'.i 7~'11 fll'.i ll\91 fl'll'eM 

~ d 3/ .<:::':I 'o'l3/-=> 
'W1l'flrlc.Jrl'\9l1c.J!'Vlfl'W'fl DAPI & PI staining 'VllJ17'Vll 'Hlfl\91 chromatin condensation llrl~ nuclear 

1 jJ I jJ I ,I 

fragmentation 91-:J 'ii 7 fl'\11;1 fl;y l'W 191-:J nri11i1 'VIO vi 'il~ff1 ti 1;11 ffl'.i 11.;i 3 'lf'W \9lviil 7:1.Jl 'Vl \Pl mMii q 'Vl 1l 

m~ c.J'J'W 11 ttl"lirl i;l :1J~1~-:itl i fllJ\9lrl fl\917tllllJlJ apoptosis 
. ~ . . 

d. ~ (lJ • 

I '\Al D c.J'\.W'l-Jfl 7 '.i \917 ml lJ lJ apoptos1s 

2. m'.i rim 1 'Vl\91 ri tM 'l 'W19f-arl't1 n~1 m c1rn vic1u nu fll'.i'Vl\9lrio-:i 1 'W19fri rl' :u~1~ .;i 

3. fl'J '.i LI fll'.i 'Vl\91 rltl-:J i'Wl9frli;J:IJ~l1-:J'lf'W \Plrl'W 
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