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Q QJ ' ' fl 11 ! fl'U (?I 1fltl l ~tll'tt'l ltlfl ~ ! ~ 

ln'lJ\911'el a1 ,H1'llf 11tl'Vl ~nl Sargassum oligocystum Montagne 'IJ1 l'JW 'lfl tl~~,J'U fl~U 'U 1 

1h:mi'~i~lf1~'lfl;l'l.J1 Ul;l~'i~tl'el~ 1~lf1H1~tJ'U'VHJffifllt1'U 2550 a~1~'el'Ulil'l:llt1'U 2551 1~t1 

l i1 fl1 'el~ 'lf1 till' 7 ti l ,i li J1 (scuba diving) i' fl'l:l 7 ff m'Vi i 1 'el ci HI 1 ti fl nu iJ1u ~ ~ U 1;'1 ~ 'U71J7 a~ 
,r'e) ~'LI a tl'~ fl,11 lflii I vl 'e)ff fl~ ffl'jlf ti 1 'IJ i 1'el ciH ffl lf 11 tlfl flri1 'U lf ~ ~ \] fll'l1 l 1'f u ,r ~ I vl 'ell'll fll'j 

~ \l''1 urn fl rl' fl'l:l w fl 1 ti l u ,r 'el ~'LIO 'lJ~ fl n ff ti 11J'U 1'Vl ti 1 ff1 ff\911 'Vl H 'Vl~ rn lJ lf 71'Vl tlltl ti\! '.i'Vi 1 

'i'U I Uff~~i1tJaHffllf17tl'Vl~nl SARGASSUM OLIGOCYSTUM MONTAGNE 
"' 
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.., .., ' 
nl'HHlvHY11 vl1 fitJ 1~ 

iTeici1-H1''fl u1mf!'n'fli1m:1J1il'Utll;l mhv\'1m11wniu (partition) i1c1iTv\'11;1g;mt1Nfl':1J 

1 g;1111-:i l'flrrn0 hrirnul!ft ~rnr1nft0g;CJf11>rn V\91 nhu 1: 1 1g;m c1i1rl11;1g;mc100 mi u 1 imnl'n'fltt mu 

I Q.I 9) Q.I 

'illtlfl'l 'YI '.i ltl'VI g;11;1 Sargassum oligocystum Montagne extracts (SOM extracts) 1;1g;mc1mnrn'fl'fl1tl\?l1 

0 i o l j/" 1 JI <, jJ jJ 
'VJ11;lg;mc1 EtOH 'illtl'U'U'Vll 'Ylu'Jlfl''illtll'lftl i'fltltl'.itl-'.l'fl1tl membrane nylon filter 'll'Ul'fl 0.2 µM !Im 

c:l li]jJ.d 0 

lf11J !1'Vl -20 C 

., . ,! 

f'l11iiiu~!CJ1tUl (cell culture) 

a'd1 ':"l ~llJ j/o, a' "' . cl ' "'llJ si ' 
!CJfftl;l'VI <Jf ! 'U fll'.i.'Vl 'fll;ltl-'.J'U !'fl 'J" 1Jf111:IJeJ'l;llfl'.ilg;'YI 'ill tlfl'tlllJ 'U:1Jg;1 H!! 'Yl-'.J'lfl\91 !'fl!!tl 

, . _J' a' o A o"d 31 31 .,3, 'J) 

l.J'fl~tl (human cervical carcmoma, HeLa) fll'.imtl-:J!CJfl;ll;l 'Vllfl1'.il\?l'.itl:IJ!CJfl;ll;l'Vlfl11:IJ!'Ul.J'lJ'U!'.i:IJ\9l'U 

5 j/· l lj/ "' 'l lj/ .I Jxl0 cells/ml 'fl1tl RPMI 1640 'U culture flask flltl \9le,jill'Yll:):IJ 37°C, 5% CO2 i'fltl 'lf!1ftlu'.ig;mru 

"' "' o <>' ~ Ji ;11 6 "1 a' c:i <>'d JI "' , jJ 
2-3 1'U 'il'U:IJ'ill'U1'U!9fl;lft!'l"UJ'U'U!u'U JxJ0 cells/ml \91'.i1'il~!utl'.i!CJf'UICJfftft'Vllfllg;'V'l'UWJNl'U'V17-'.Jtlfttl-'.J 

9) ' .:::i ctd J' I J1 d t 
stereoscope tll'V'l1J11 :IJl CJfftft'Vllfll~'V'l'U :1Jltltl11 80% 'Utl-'.J'V'l'U'Vl 'l'M'YI :IJ'fl !!fl''fl-'.J17fl'l:IJ1 'J tl'Yll fll '.i 

subculture ii 

.::! cr'd jJ 31 d 'J) d 4 1 . I a' ·1 j/ 

!\91W:J.J!CJfl;ll;l'VJfl11:IJ_!'U:IJ'lJ'U!'.i:IJ\9l'U'Vl 2x10 cells/ml ft-'.J 'U 96 well plate lJ:IJ!CJfj;jftflltl \91 

"' ,.,l 1 '.JI '1 I d'.c::!~~ d ;ff -=::. Ill ii 
e,Jill'YIQ:IJ 37°C, 5% CO2 'Ul'U 24 'lf:IJ. l'V'ltl 'Yl!!'U 'il11!9fl;lft:IJ'lf1\9lffl:IJ1'.itlft-'.J!fllg;'Vl'V'l'UN1.fll'lf'Ug; !'fl 

'illm!u1imi~1CJfm1nrnnnHl'fl SOM extracts i'flti'Yl~:IJ~l~'U vehicle control u:ui1c1 EtOH (0.66%) 

d ~,~,31 Q.ld 3131 , 
mJ:1J'Vl'Vl'fl'fftl1Jfl11:IJlu'W'V'l1l1J:IJ'fl1tJ'ffl'.i.'fffl'fl'Vlfl17:J.Jl'lJ:IJ'U'W 0-250 µg/ml 'W1'W 72 'lf:IJ. 'ff1'W positive 

t o 'J) d . y 'j/ , 31 ~ ,,.. d'd 
control 'U'U'Vllfl1'.i'Vl'fl'rl'tl1J'fl1tl doxorubicin 'Vlfl11:I.Jl'U:IJ'U'U 0-5 µg/ml 'UTW 72 'lf:IJ. 11m11m1~'Yl!CJfftft'Vl 

c!A.c::::. 'J) ~ 

:IJ<Jf1\9l'fl1tll'Vlfl'Ufl MTT 

m111r111g;tt1CJfft rl'~ ilii\91~ 1m'Vlfl'Ufl MTT 1 'fl t1ii11 er n m1 fl0.nw1 u1CJfftri'~iii1\?l'il~ii 

m~u1ummu0ilcif:u1u1:u i\9lfltl'Ut'fl1ti imm:i1;1 MTT iid'.htt:i.JWtl~~l:JJ 119lfltl'U!'fl1ti 1m~1~tl-:J'il7tl 

., j/ ., ;11 Ji "'"' "l ,.,l ., "' c:l llJ a' 
!fl'.i-:J'ff'j1-:J'Utl-'.J 1:1.Jll;lfll! MTT !u'U tetrazolium rings CJf-'.J:IH'!'!'Yll;ltl-'.J !:1Jtl'.i1Jtl!1;ltl\9l'Jtl'U'il1tllel'W lCJf:IJ 

succinate dehydrogenase 1i1~'UN~tl formazan i:1.h-:i1rn~1:1fo~mt1tl1 ~-'.J!~'U'r;1'fltl'1'Ui'flcJ\91Hf11J 

0 o'.d c:i.c::!~ 

'ill'U 1'U!9fftl;l'VI :IJ'lf1\91 



IO 

'Wlffl'H'l~rrn.1 MTT (5g/L) tfhnm 30 µl ri-:i1'1-J well ~l>i'ti-:ifl1'.i'Vl~fftl1J 'il1ntl'm.i:IJ.frn.11/ 

"' 91 ,cl 9/ .i';c 
r;JW'HJJ:IJ 37°C, 5% CO2 'l-Jl'l-J 4 'lf:IJ. !!rl1rl~rllt1Nrlf1 formazan w:w DMSO (99.99%) u'.i:IJl\?l'.i 100 µI 

I I I 3;/ I 
9) o 0.1 I .al 9/ .al d .al Q./ O I d 

!!rl1'1-J1:I-J11~'fllfl1'.i~~f1rl'l-J!!ff'1~1c.J!fl'.itl-.'.l ELISA plate reader 'Vlf111:1Jc.111flrl'l-J 540 nm 'illf1'1-J'l-J'l-Jlfl1'VI 

lJ\3' 0 rid rlddd.C:. 1 19,/ Q./;x 
1~:I-Jlfl1'\.J1W'l11!Utl'J!Cb''l-J!"lfrlrl'Vl:IJ'lf111 (% cell viability) !~c.l 'lf~\91'.i~-.'.l'l-J 

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

. . Absorbance at 540 of control. 

~ . . 

'il1nt!mr!1~f1'.il'W'.i~'l111~ % cell viability (!!f1'1-J y) num1rn'li'mi'mrn~fll'.ifffl~'Hcl11J (!!f1'\.J 
~ . ~ 

x) 'ill nm1vluff1m'.i t1 fll'l-J 1w m 'll'l-J 1~m1:1J1 '11':1J'l1''1-J 'llti-.lfll'.ifffl~'H c.11uvimm'.i t1 vu v-:i f11'.i! 'il1Wt~u 111 
. u 

'Utl~!"lfrl!fo~t~~!l'i' 50% (inhibit concentration at 50%, IC50) 

1tfl'J1~~01~H~fl6l.lel~ DNA l~ti agarose gel electrophoresis 

d .,i 91 91 ..,J. 91 d 5 .c:. 1 3 ,X 
!11'.ic.J:IJ!"lfrlrlfl11:IJ!'U:IJ'U'l-J!rnfl'l-J'Vl IxIO cells/ml U'.imm 5 ml ri-:i 'l-J flask 'U'l-Jl~ 25 cm mu-:i . ~ 

!"lfrl'1.fl1t1111i'r;iw'riJJiJ 37 °C, 5% CO2 'l-Jl'l-J 24 'l11 l:I-J-.'.l 'illf1tJ'l-J1J:IJ~tJl'i'1c.1 0.66% EtOH, DOX [IC50] !!rl~ 

ftl'.iffflfl SOM ~fl11:IJ!'lfll'lf'l-J [IC20], [IC50] l!rl~ [IC80] f17:1Jri'Wl1J 'l-Jl'l-J 72 'J1'1 Im 'illf11!'1-Jt~1J!"lfrl'1 
. t .. · ·. · ,,,. · . .J .. ,I· . · 0 ·"' · 'J} . · ... • · . . .. 

'Vl-.'.l'H:IJ~ (!"lfrlrl!f11~'Y'l'l-J!!rl~!"lfrlrl!!'U1'\.Jrltltl) 'l-Jl:I-Jlfff1fl DNA fl1c.J GF-1 Tissue DNA Extraction Kit . ~ 

(VIV ANTIS) l~c.J!~:IJ proteinase K U1:1Jlfl'.i 20 µl !'Wtl'Vllrllc.J IU'.i~'l-J 'illf1tJ'l-J!~:IJ lysis enhancer 

U1:1Jlfl'.i 2 µl mhv\'7f17'.i vortex !~tl'Vllrlltl!~ril}':JJ!"lfrl'1 !!rl~1J:lJ~tJIPi'1c.1 TB buffer U1:1Jlfl'.i 200 µl ~ 
. . ~ 

tiWYl.fllJ 65 ·c mtJ IO mvi t'Wti11n11~ntitJ 111'.i~'l-Jtitin1tt'm~m1~ DNA uri~ RNA 'il7f1'W'l-J'Vl7rllc.J . "' . ~ 

RNA 1Pi'1c.1 20 mg/ml RNaseA 111mm 20 µl lflc.JU:JJ'Vi 37 ·c 'l-Jl'l-J IO mvi 'illf1'W'l-J'Vllfl1'.iflf1fl~f1tl'l-J 
'j) 'j) 'd d i'j)j) 

, DNA ~1c.J ice-cold absolute ethanol !!rl1 load rM column U'l-J'Vl 5,000g 'l-Jl'l-J 1 'Ul'VI 'illf1'\.J'Urll-.'.lfl1c.J 

wash buffer u~1tl11iliru~ 5,000g 'Ul'U 1 mvi 'V11J1 2 flf-:i 'il1ni!utl11iltl'uutt'-:i~ IO,000g 'Ul'U 1 
A ')} .c:. dlr] 'J} 1 91 91 d .d 1Jt Y .c:. 91 .ct 

'Wl'VI !!rl1!\9l:IJ elution buffer 'VI !f1Nl'Ufl11:IJ'.itl'U!!rl1'VI 65 °C !'Y'l'el elute DNA 'il'U !~NrlNrlfl-qflYllc.Jfl'el 

DNA ~1J1ffYJfr-hu filterri-:im tl11il1~ul'f~ -2o·c t~'fl1'lfiumrnflrltJ-.'.l~'ellU . 
fll':i'ttlfl1UJl'Uil'IJ'W'lle>~ DNA 

'Wl DNA ~ffflfl 1im1flTilfll'.i~flf)~'U!!ff-.ll1mfli'el-.1 spectrophotometer ~fl11:1Jc.J11fl~'U 260 
' ~ 

j) o I dlJl 9) o 3) 9) 1 1" "'A 
nm !!rl1'Wl'fl1Yl tfl:1Jlfl1'\.J1W'l11fl11:IJ!'U:IJ'U'U'U'el-.l DNA fie.I 'lf\l'm ~~'l-J 

m1m'li':1J'l1''U'Utl~ DNA= dilution factor x 50 ng/µl x Abs260 
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cf I cf t::i I I QJ 

(!:IJeJfllfll'J~~fHl'Wl!ff~ 1 :1.H'lll'VllfllJ 50 ng/µI) 

,,i \IJ <;J <;J <;J <;J o • I .., <;J <;J ' ~I t ,,i 

l:IJeJ l~fl11lJ!'\Jll'\J'W'\JeJ~ DNA !!ft1'Wl:IJ11J'J1Jfl1llJ!'\Jll'\J'W'\JeJ~i'Jflflr.JlJ!1J'W 50 ng/µl l~ti!'i)eJ 

lll~nuJ1rnf'W 1~m111iJ load tN!1fl'\JeJ~ agarose 1mfw,rnmie:i1iJ 

Agarose gel electrophoresis 

'Wl 50 ng/µl DNA ln:IJllll'J 8 µl (400 ng) rlffllfllJ 6x loading dry ~"ff1'WNffllf71J SYBR 

"I" ,,i 1 <;J ,,i ,cl ~I .., \IJ '1 <;J -~ Gold (100:1 µ1) urnl\ll'j 2µ1 !Vie) 'lf~fll'j!flfle)'W'\!l'\Je)~ DNA l!fl~lJeJ~fl'W Ill 'H DNA 11~fl'j~'i)11:J 

lllm!'W load iM LS% agarose gel i~uH'm~!!fflrl 100 V 'Wl'W 45 mvi ~~1oU 0.1 µg/µl 1kb DNA 

ladder iJ1m\ll'J .8 µl !~'W marker url''J1!fl'J1~11N~l~mflie:i~ dark reader 

4 u T 
. flfll:Jl~fl'HW:t'YIH morphology 6Ufl~ DNA !~ti DAPI & PI staining 

..:::s ct'~ 31 d 9J 3' 5 ,. 1~ l J t1 
!\ll'JUlJ!9HH'l!'JlJ\ll'W'Vlfl11ll!'\Jll'\J'W 1 x 10 cells/ml 1J'JlJl\ll'J 4 ml !~tl!IW~!CJfflf11J'W cover slide 

~~l!'lfeJ~1'W 6 well plate 11rl'1Ull!CJff1i'l.fllLJ1191~W'tttJi'.i 37°C, 5% CO2 'Wl'W 24 i1 im 'i)lfli7'WUllllieJ~'JLJ 

•• Cl.I d 3J 31 · o Q,.I 

0.66% EtOH, DOX [IC50] l!fl~ffl'Ji:'l'fl~ SOM 'Vlfl11lJ!'\Jll'\J'W [IC20], [IC50] !!fl~ [IC
80

] \lllllf11~1J 72 

i'1 im 'i)lfli7'W'l11 co;er slide ~~"!CJfml!fll~eJ~:IJlleJll~ fluorescent DAPI (4',6-diamidino-2-

phenylindole) !!fl~ PI (propidium iodide) 
.. 
V V q . 
'IJUV!el'Wfll1mnHJ DAPI m,:::: PI 

'Wl!CJfflil~!fll~lJ'W cover slide m fix ~'JU 2.5% glutaraldehyde pH 7.3 '.LJ~lll\ll'J 1 ml 'Wl'W 3 
. " ' 'Wll1 lllfl1-J'W'Vl7mLJ RNA ~'JLJ 20 mg/ml RNaseA '.LJ~:IJl\ll'J 20 µl l~LJUll'n 37 ·c 'Wl'W 20 m'Vi !!fl~ 

'J) ':JI t oli] 3' 91 ~ 1 

f11~ RNaseA ~'JU PBS 'illfl'W'W'Wl 1'.LJLJeJllWW PI [5 µg/ml] !!f1~ DAPI [5 µg/ml] '.LJ'JlJ1\ll'JeJLJ1,:Jf1~ 700 
. " .:::1.c:S .q3) ... I <V 'j/ d 3) 

µl 'Wl'W 5 'Wl'Vl 'Vl~W'HtJll'HeJ~!!fl~u'Jlfl'lllfl!!ff~ lllfl'W'WflNffeJeJfl~'JLJ PBS 

'W119HH11J'W cover slide wf1M1J'W slide 'illfll!'WU~'lleJ1Jt1t1J1t1TY11!~1J ui1u1'1iJrie:i~t1t1 

0 <V I ~ .:::1 J:::::! 

fluorescence microscope fllM'llUW 100 l'Vll l~LJ DAPI lJ excitation/emission 'Vl 358/461 mm !!fl~ PI 

" excitation/emission 'Vi 535/617 mm 'Vllfll'JU'Wviflflli'l!!1J1Jffll 3 \111!!'1-'ltJ~llie:i 1 slide irn~1'W!!ll'ifl~ 
q 

0 • <'I 
\lll!!'H'W~!!ff~~mi'I 3 U1J1J fie) bright field, DAPI 111;1~ PI 

A o' 'j} l QJ rlo ti I J. o o ... I ti d a' ,I 

fll'J1!fl'Jl~'H'Ue:Jl,Jf1 1~LJ'W1J!CJff1f1'i)l'WTW 500 !CJfflfl !!1J1J{.J'll !i'leJ'W1:IJlfll'W1W!ueJ'J!CJf'W\ll!CJfflfl 
' . 

· 'Vie:i~'lm1m1w~lli1~"1 GJi,n1n'l:lw~m'J~~~'\Je:i~1CJfflri'mrn~i~lll1'J1~vi 1 11fl~V11mrn~1;1e:i~e:id1~ue:iLJ 3 
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"' "'1 tn':ivlvltl' DAPI "' "'1 tn':ivlvltr PI 

Viable cells ~~~Hhihrw 1JJ~~iru~~ 
Apoptotic cells ~~i1~11~t1ttchnJ'7 1JJ~~iru~~ 

"I 
~~i1~11~umit1:JJ'7 

c, d 

Late apoptotic 'tt':itl 191~1:'1'!!~~ 

Necrotic cells 

w . 

'Vllfil';i'Vl~rlel~eJch~~tlcJ 3 fl'j~ (n=3) fll';j'V]~r)e)~fl17:JJ!i!t1vh11'it1 HeLa cells !~c.Jt!f)';il'Wl~c.J 

1ihhunrn microcal origin 6.0 !!bl'iol~vlrl!ilt1ri1 mean ± standard error of mean (S.E.M.) fll'J 

11m1~11fll'JHl'lf)'lJeJ~'W1!fl~tl1:'1' (nuclear fragmention) 1!1:'l'~~vimiluri111h:i{1cJ}ut ± S.E.M. ~1:JJflU 

.flTl"lri1t1 CT1t!fl1':i1!m7~11f17'JHl'lf)'lJeJ~ DNA !~ti agarose gel electrophoresis 1!1:'1'~~vlrl!ilt1m'Vlri1c.1 



13 

' <::! 

'lJ 'fl'fl 4 

ef w ~ 

fll';;'Vl\olffelUtJ'Vl11'lleJ•n1'1';;'tl'fl\ol SOM 1'Wfll';;VUEJ.:Jfl1Wil1t1J'llel.:J!GJfm(:1J:;;1';;.:iu1m.J\ol~fl (HeLa 
. ~ d'~ r;J. V ~ cl d, jl • ef0.J QJ 31 31 

cells) 1\olmMWJHHmll\9l'Wh11m:;;'Vl'W!U'W!1m 24 'lf'J 1:J..J.:i umull!GJfl:HlfllJ'ffl'jfffl\ol'fl11ll!'ll:IJ'll'W 0~250 

µg/ml mi:;; d~xorubicin (DOX) m1miu':1J'U'W 0-5 µg/ml (positive control) m1:;; 0.66% EtOH (negative 

control) i'W 96 well plate !~'W!11;!1 · 72 'lf11:J..J.:i '11'a'1'illtlt!'WU';i:;;!lJ'WlU11'1'lleJ'1!GJfnci' 'afl1HU:;;1rlmf :u 

" "' IIJ '1' "" !GJfnn · nn11ru:;; 1GJf 1\ol'VlmGJf:1.J 1meimvieJ1JfllJ!GJfnrl'~neleJ i 3/ 3/ 
mv \oltlne:i.:i 

O Ct. ' r/ O ct.<:::. rl'J) .-=i, 

stereoscope un:;;mm11m1:;;'!1m'il7'W1'W flln eJ \ol'.111\ol'lleJWllnn\ol'JEH 'Vlfl'W fl MTT 

1rle:iisrn1:J 1-an1:Jru:;;'lleJ'1!GJfn rl'mvilli' rnfo.:i stereoscope l"IU11 i 'W ntj:u~limi'1v 0.66% EtOH 

191'flrl'ii-an1:Jru:;;u f)~ !'11LJeJ\ol\9111~'W';iU m :;;'tl''Jtl 1tmlm91nrl'un:;;!G)f 1\9ll''rn.~qf:IJ!1 tllJ 1m:;;lJ'\ll'W Tl-H91'flrl' 
~ q . 

im:;;v1'W:1Jlf)ff"J1 90% 1rle:i l197'i'Util';i!'llV1!! H'l !9rnrl'v.:ifl'1 lll'l1~\ol'il1 nvfur:t1 1rlmJ1 ium'\11'1-J'JWGJfnrl'~ 

iii1\?'l;'Jtl!'Vlriih1 MTT 'Vl1J11 !91nrl'i'Wf1~:IJ~iri 0.66% EtOH (negative control) lJ'\ll'W1'Wl91'flrl'ii;1\91 

il.iu\oln~1.:i'il1nnriJJ~il.ii~i.i:ui1v EtOH · 
q 

nzj:u~ I ~Ju m ';i 'rl'fl\ol '11 tlllJ 'illf1ff1'1111 tl'ill tlff1'1111tlfttl 1\911n'.11'W\ol Sargassum o/igocystum 

Montagne (SOM extracts) 'VIU11!1\91 f1~1'1 'ill f1 ntj:IJl91nrl'~il.ii ~ii :IJ~'Jc.Jffl 'j 'tl'fl\ol flrn91r1£ii J ili1.:i tl~ :IJ 

II) I d II) l "" "' .% ,=, II) I I ,,l I ., .% ,=, 11)3'• 
!:IJ!'11eJcJ\ol !GJf 1\ll'Vl1;!1GJf:IJ'll!'ll';i:;; 'flf11JU!:;;fl1';i!f11:;;'V1'1-,!f,-l'J !:IJ!l'W'W !:IJV!'lltll!1J1'7!9/'fln'l1~\ol'illf1'Vl'WYl1 !\ol.:JleJ 

1rlm11ium'\ll'W1'W!9/1:H)~]J'lf1\91~1m'VlflU~ MTT l"llJ11 lJ'\l1'W1'Wl9/ncl~!fl1:;;l'j.JN'J'il:;;n\oln'1\911:I.Jfl11:IJ 

I 'U:IJ'U'I-J~ ivi:u ~'W c\1.:ii:UW'W '.fi nmll'W 1'W!9rnrl'~~Vl1 eJ illi' mfo.:i stereoscope 'tJ'l'jff fl\o} SOM ~m1rn 'U:IJ-u''W 

50 µg/ml i~:uuu5.:if11';i!'il5t1J!~1J i\9l'lleJWlrnn1~ fl11:IJl'U:IJ'U'W'lleJ'1'tl'l';ifff1\ol~'Vl1ittm';il'il5t1J!~lJ l\9l'llcl'1 

r/ .ci I I V 

!GJfnn'fl\ol'fl'1 20, 50 im:;; 80% (Inhibitory concentration at 20%: IC20, IC50 1m:;; IC80) :I.Jflll'Vl1f11J 76 ± 
. w 

3.11, 132 ± 5.63 un:;; 172 ± 7.34 µg/ml \911:1.Jci'l~U 1m:;;mmn1urnJ.:ifllrnl5t1Jl~lJ l\91 l~:IJ1f)f111 85% 

~m1wiu'mi"Wmnni1 200 µg/ml ciiJ 2) 

J1'W nrl:u~ii mi'1c.1 DOX l"llJ11!GJfnci°iitl' fl1JU!:;;fln:IJ ilimvcJ\oleJcl fl!~'W';iU m :;;ff--;Jc.J IGJf i\9ll"ll;l1 
q ~ 

.d:/ ~ ~ lfl I I ~ ,d,::;g li1 $1 I di I rl 
GJf:IJ'll1'lJ'j:;; f11'j!fl1:;;l"l'WN1 !lJU'W'W ffl:IJ1Hl'l1~\olcleJfl'il1flN1YlcJ\ol!fl1:;; !\ol'11c.l!:IJV!'lltl1!1J1 'l l"IU!GJf'flnncleJ 

o J: o .c. d' o d .c::i. rl V Q. I ct'.d I 

'ill'W 1'W mn 1m:;;1mi m m11 m1:;;'!1m'il7'W1'W fll'j 'jcJ \ol'.111\ol'lleJ.:i i 9/n nmm 'Vl fl'W fl MTT 'VI u 111 GJfnn 'Vl u :u 

CJ/ .ci o o'd A~ jJ 'j) d .J. & I I d I 'j) 

\ol'J eJ DOX :IJ'ill'W 'J'W ! GJf'fl 'fl 'Vl Hl\ol '.111\llrl\ol 'fl'1 \911 :I.Jfl11 :IJI 'll:IJ'll'W 'Vl!l"I :IJ'll'W U\91 fl\911'1 'ill f1 tl~ :I.Jl11J lJ\ol1eJ 0.66% 
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I .<:::l Q.J O QJ _.Ji QI o-'t=:td~ 'J} .C:t. -=! Q.I QI ,IQ.I di QI 

EtOH tlcJl,l:IJ'W cl'fflflqj "li-:J Nn fllj 'W lH"lin n :JJ'lf1\l1 ~1m Vl fl'W fl MTT :JJfl11lH'l':JJ'\l'l 'W 'jjfl1J fllrn'flllln flll ru:::; 

,191 91 91 !V d o 'I 91 "' "' 1 " 
'Utl-:J!"linn~1cJflneM stereoscope fl17:JJ!'U:JJ'U'W'Utl-:J Dox Vl'Vll !r'iflll!'illqj!\911J 1\?l'Utl-:J!"linnn~n-:J 50% 

(IC
50

) ii~11vi1n1J 2 ± 0.35 µg/ml 1m:::;~m1:JJ1'U:JJ'U'W 4 µg/ml fllj\l11cJ'Ut1-:J!"linri'mnn11 85% (JD 3) 

100 II 
. ~ •.. 

80 . 'f >, 
:t:: 

·~ 

..0 60 rn +, > \ Q) 40 u 
~ 

'~ 0 

20 

II IJ 
0 

0 50 100 150 200 250 300 

SOM extracts, ug/ml 

JU 2 flll'W!!'ff~-:JNn'Utl-:J'fflHl'f1~ SOM ~tlfll'Vitl~i1\9l'Utl-:J HELA CELLS Nnflln'l~ntl-:J 

!!'ff~-:J !~cJ~l MEAN± S.E.M. (N=3) 
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100 
2 

IHI 
Ill"'-. 

Ill 
80 

\ 
>, 

:t:: 

..c 60 
ro 
> 

\ Q) 
4_0 

0 
~ 20 0 

~ . 
. 11-11 

0 

0 1 2 3 4 5 6 

Doxcorubicin, ug/ml 

':iU 3 n11w11tr~-:iNn'\JB'1'ff1':i DOXORUBICIN ~Bfll':irn~i119l'\JB'1 HELA CELLS Nnfll':i '" . 

'Vl~nB'1!_!'ff~'1 i~vrii MEAN± S.E.M. (N=3) 

~ d 1 f,-.j~fll''.i1!flil~l'lfll'J!!Vlfl6l.lij-;) DNA ~U agarose gel electrophoresis 

ef ~ 

'Vl~bl'B'IJfll':iBBflt)'Vl~'UB'1'ffl':i'fff1~~Bfl1':ill\9lfl'\JB'1 DNA i~m~V'1 HeLa cells fl11lJ!'U:IJ'U'W 

5 'I 3' X ~I J., 1 t ' 'lJ QJ 3' 3' I c., I 

lxlO cells/ml 'l1!fl1::::'l'i'W!u'Wnm 24 '1!1 m 'illfl'W'W'IJ:IJ~1V'ffl':i'fffl~ SOM fl111J!'\J:IJ'\J'Wl'Vllfl'Ufll 
ai .OQJ l'J) 

IC
20

, IC50 1rn:::: IC50 flB 76 ± 3.11, 132 ± 5.63 !In:::: 172 ± 7.34 µg/ml \911lJ'17~'1J 'IJ:IJWJV doxorubicin 
'J)'J} IQ/I a{ IS} 

(Dox) (positive control) fl11:IJ!'\J:IJ'\J'W!'Vllfl'Ufl1 IC50 . fie) 2 ± 0.35 µg/ml lln::::'IJ:IJ~1V 0.66% EtOH 

(negative control) l~'Wnm 72 'JT1 im !'W flask u1m1>1J 25 cm
3 

i~'W!1rll 72 'JT1 im 'il7fli!'W'l1Wll'nll 
:;'., ,,, ~ ,,, .., 'j) . 

'Vl'1l'i:IJ~ (!CJfnrllfll:t:'l'i'W!lrl::::1CJfnnll'\J1'WneJV) :IJl'fffl~ DNA ~1V GF- 1 Tissue DNA Extraction Kit 

'j) 0 Q o' 9) i 9')) 
(VIV ANTIS) llrl'l'W1:IJ11!flJ7::::l'ifl1':iU\9lfl'\JeJ'1 DNA ~1cJ 1.5% agarose gel electrophoresis ~V i'li 

m::::1miwfh 100 volt 'Wl'W 45 mvi 

1flv'l11 DNA :IJ1UcJfl1J'Wi1fH'l1'1~~m::::11trlW;tl1 i1nm'1~!'1f
1

~B1'Wel::::fl1 htr (agarose gel) 

!~B'1 'il1 fl DNA ijiJ ':i:::: ~!~ 'Wn1J ~'1'ffl:1Jljtltfl~B'W i u EJ'1 ~1'1J1 fl 1 'W bl''Wl:IJ I vj;:J 1 1rlm'il nil ~'1i1'il::::n 
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o, c;j I 'I "'1 o, I Ji 0, 'J/ 'J/ "'1 'J/ ,d 

~ fl'l:l w~ttl u 1'Vl1'U -ewma i u "lf-:J'll'Wlfl'll'el.:J1'Vl 1u fl-:J fl~ 11\l~'ll'W fl1Jfl'Jll.ll'll:1.J'll u '\J 'eJ -mrn "lf-:J arn1 m '1~ lJ cu q CIJ cu q 

'J/'J/ c;j 09'J/ d I ll)'J/ 'I ,d o,'J) "" 'J)'J) 

rl 11:1.Jl'\Jl.J'IJ'U lJ1 m'Vl 1'U '1 ~m fl'Vll t 11 DNA lrl~ 'e)'U ~l'U tfl tllfl t 'U 'IJ W ~If! tl1 fl'U mm fl!\)~ lJ rl'Jll.Jl'\Jl.J'IJ'U .. . 

gJ I d..:::i. QI d gJ ~ 
lltlf11J'Ul\l~ll~1 ffll.J11fl'ell'U~~fllrnl>lfl'IJ'e)-:J DNA l'l\olflf11Jff111rn-:i11"1'-:i SYBR Gold fl'Jtllrlrn-:J dark 

9'GJ4 c1d 
reader 11m1J'Wl'lflfll'Vl'IJ'eJ-:Jfll'eJ'UW 

d Cl " gJ ' I d I gJ ..:::i, 

llJ'eJ'Jlrl11~'11f11111\olfl'IJ'eJ-:J DNA 11~1'Vl1J11 fl~l.Jl'l1Jl.Jfl1tl 0.66% EtOH lflflllfl1J (band) '11'Ul 

1vit1-:i 1 uau llfffl-:i11ii DNA 'll'Wl~ imy;-:i1r1t'elu~ i;t:Jin~ 111>1fl~N\llfl iu fl~:1.J~ti:1.Jl1t1m1ffn~ 

SOM l~tl'Vl1Jllfl1J'l1'Ul 1 llfl1J1rn::;iirl'fl'l:lW::;1~u smear band t111~-:im lfltlrl1ll.Jtl111'Vil.ll>lll.J'IJ'Ul~ 

91 9J QI d ~ ~ 1 , d , o>y QI ci. 

r11llJl'\JlJ'IJU'IJ'eJ-:Jffl1ffflfl SOM l'l!'Vll.J'IJU llff~-:J11fl~l.Jl'l1Jl.Jl"b'~~~1tlff11ffflfl lfl~f11111\olfl'IJ'eJ-:J DNA 

0 G) j}d. I QI l/1_ 1 d G) ,, gJ QI I d I rl 91 
'Vil t'l1lJ'\J'Ulfl'\J'eJ-:J DNA 11\olfl\oll-:JflU rn (DNA fagmentation) "b'-:J t'l1~~ff'elflrl~'el-:Jf11Jfl~l.Jl'l1Jl.Jl"b'~~mtl 

DOX ~'Vl1J111fifl smear band ~t1111'lfUf1U (1'LI 4) .. 

.::ii d,91 QI 

1'LI 4 llfffl-:Jf1111flfl DNA FRAGMENTATION 'IJ'eJ-:J HELA CELLS l'l1Jl.Jfl1tlff11ffflfl SOM .. 
'J) "'"" 11~::; DOXORUBICIN (DOX) ~1t111i AGAROSE GEL ELECTROPHORESIS 
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<::!I V l 
N~fll'H1fl1flijfl'UW~'Yll-.l morphology 6\.1~-.l DNA !~U DAPI & PI staining 

fll'.i'Vl~'ffBUt]'Vlf 'lJu,nn:nl'fl~ SOM ~Ufll'.i!fl~ nuclear fragmentation 1~mit1-:i HeLa cells 

' ' " ,V ,V 5 ') '.j/ ,'1 19 o, ')" o, I 

f111:IJ!'\J:IJ'll'W 1x10 cells/ml 1'11!fl1~1J'W cover slide 9M!!'lf !'W 6 well plate 'Wl'W 24 'lf11:IJ-:J 'illfl'W'WU:IJ 
S) Q.I j/:J)IQJI ,ct . 

~1tl'ff1'.i'fffl~ SOM f111:IJ!'ll:IJ'lJ'W!'Vl1fl1Jr11 IC20, IC50 1rn~ IC80 rrn 76 ± 3.11, 132 ± 5.63 !!cl~ 172 ± 
OQ.I l':J) 'J}:J) IQ.II ~ 

7.34 µg/ml 1911:IJi:'ll~U 1J:IJ~1tl doxorubicin (Dox) (positive control) f111:IJ!'ll:IJ'\J'Wl'Vl1fl1Jr11 IC50 fl'[) 2 ± 

I 9,/ d Ji 1° 1t', O d.::::t 
0.35 ).!,g/ml !!cl~U:IJ~1.tl 0.66% EtOH (negative control) !U'WrJi:'ll 72 'lf11:IJ-:J 'illfl'W'W'Wl cover slide 'Vl:IJ 

!9mrl'1m~u~rfo:w~1t1 DAPI !!cl~. PI !!clg:;flfllllflfl11W~'W1!fl~tl'ffi11tlhi'n,fo-:i fluorescence microscopy 

~-:i DAPI !!cl~ PI iM'.ht1mm1,d1D'Wfl'WflU~ nucleic acid irlmm excitation ~1cl!!'ff-:Jfl11:IJtJTJflit'W 358 
. ~· 

nm !!cl~ 535 nm 'ii~ emission 
1
M1rn-:ii;rJ111'W (461 nm) irn~i;ru~-:i (617 nm) 1917mhiu 

DAPI !!cl~ PI n11'.Jrnmc.1~ nuclear DNA 1~i1D'Wfl'W !!~'il~!!\91fl~1'1fl'WflU DAPI nflWi:'l':IJ1J~ 
q 

cl di ClJ.<:::i,G} I ~ j/ ~ :J) )· .d i d Cl.I.Qi cl 
!U'W membrane penneability tl'.iBfJWi:'l':IJU\91 !'Wfll'.iYll'WWm'.f:IJ!"lfclcl !~ i~tl'VI PI 'W'W:IJfJWi:'l':IJU\91!U'W . ')) , ' 

~ 0.1.ci.9 I ~ 3/ ~ 1'lfl ~ Q.I Q.I G) cr'ddd.Q. ~ 9/ 
membrane impermeability tl'.iBfJW'ff:IJU\911'Wfl1'.iN1'WWil'l'.!:IJ!"lfclcl !lJ !~ ~-:J'W'W !'W!"lfclcl'Vl:IJ'lf1191 Wil'l'.!:IJ 

,'o,"1 ,' <'1\J]I I 4 '.j/· o',VIJJ.J\J],V 19 '.j/ '.j/ . ,' 

!"lfclcltl-:J:IJfl11:IJ'ff:IJU'.iW PI 'il-:J !:IJ'ff7:IJ1'.i()Nl'W!tltltl:IJ!"lfcli:'l!'\J1 !U !~ 11191 !'W'Vl1'1\91H'll1:IJ()ltllfl!"lfclcl\911tl 
~ . . q 

"1d4 '.j/ ,'c.df ,!j "1 ,V\J] I ') 
:IJl'Vlltltl'l'.!:IJ!"lfcli:'l!fl~'ll'W (late apoptosis tl'.itl necrosis) 'il~'\l'IU'ff!!~-:J'\JU-:J PI !'lll nhl'~'ff:IJB~.f11tl !'W DNA· 

i-:itl'Wi'Wfll'.i'Vl~clB-:J~-:i'li' PI 1~mi1u-:ii'.i~tl'Jl-:J!"lfm1i1;1191nrn"lfcl'a191W (Moore, 1998) 07tllfl!~'W 
I . I I • 

a'ddd~ d d cs' t!i fJ/ . 9J Q.I d C::i d t::! , A . I • .,:;S d 

!"lfrlcl'Vl:IJ'lf1\91:IJ DNAml':IJU'.iW !:IJ'[)tJeJ:IJ'l,'Vitl:IJfl'W 2 ff 'il~\91~'ffmm~'ff'\JU-:J DAPI l'\l'ltl-:JrHl7-!l!~tl1 'il~:IJ. 
~ 

d ~ J;t--::i. d 19}d .ci. ~ 
fl1'.ifl'.i~'il1tl'\JB-:Jff'ff:IJ1!'ff:IJB (homogenous) \9lcltl~'Vl1'Vl-:J'W1!fli;Wff !1191()1:IJfll'.i!fl~ early apoptosis '\J'W 

" 'il~'\1'11J'W1!fl~tlff~~ff DAPI !'Wtl-:J'[)~1-:J!~tl1!l11'W'W (!:il'\1'11Jfl1'.i~~i;r PI) miff'llB-:J DAPI 1iu':w 1rn~ 

'U1!fl~tJffil'lJ'W1~!~flfli1Ufl~ !~U-:J'il1flfl1'.i'.i1:1Jfl~:IJ'\JU-:J 1mm~'W (condensed chromatin) tl~B07 

'U1!fl~tl'ff!!l91flt~'Wri1'WC"J'il~'\1'11Jfl1'.i~~i;r DAPI !~'Wtl~U:IJ C"J · t:ilft'J1rn:wu (nuclear fragmentation) 'lu 

mw~tl'.J'W late apoptosis 'il~'\1'11Jfl1'.i~~ff PI !!i:'l~ DAPI lf-:i 2 n" h1t11'Wfl1'.i'Vl~clD,rnf-:ii1tl'rn"lfclrl° 

• I ,, ;:l1 • I ,, ,, 
u'.i~mw 500 !"lfclcl !!cl~'.iltl-:Jl'WNcl!u'W!uBW'b''W\91 mean± S.E.M (1911'.il-:J 2) 

1rlBftfl111rl'n11wt'llD-:J!"lfcl'a!!1J1J bright field 'lun~:w~iim11t1 0.66% EtOH '\l'lui1th195cl-ai! 

"' "" "' "' .- ;l1 .- "' ~I " I " I "' clflllW~!'.itllJ '\JUU!'\J\ll'lf~!'il'W clf1'hlW~!CJ5cll:'l!u'W!"lfM!tltltl~tl11!u'Wlufl'.i~b'!'1tl (lu 5 A) clflllW~ 

'U1!fl~tlb'!''\JU-:J!CJ5cl'a'illflfl1'.i~~i;r DAPI (lU 5 B) !!cl~ PI (JU 5 C) 'Vl'lJi7!95cl-aJ-:it1:1J~~~i;rJ111'W'llU-:J 

DAPI 1 ~ t1'VIU!"lfcl-au n~ 100% ~-:i-u11fl ~ tiff~~ i;rJ 111w1urn1 t1rn {l t1'WffJ1rn:wB m~'il1mf 1-u 11r1~t1b'!' 

(homogenous) !!cl~!JJ'\l'lrn"lfcl'a~nm'.i&J~i;ru~-:i'lJM PI 

!"lfclft'l 'W fl~:IJ~ U :1Jff1'.iff fl~ ti tl11J'il1 flb'!'1'11 '.i1t1i;rJ 11911cl 'lf'U ~ Sargassum oligocystum Montagne 

d y y o ~ e:9 ~ 
(SOM extracts) 'Vlfl11:IJ!'U:IJ'\J'W 76 (IC20), 132 (IC50) !rn~ 172 (IC80) µg/ml 1911:IJi:'ll~'lJ !:IJU~!"lfclcl!!'lJU 
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I.do r/ 'J)S) a,,d~~ c:!ld Q./ r/ 

bright field 'Yl1J 11:IJ'ill'W 1 'Wl9icH'l1;1~1;l-!l \911:IJ'IJ'Wl'flfl111H'U:IJ'U'W 'Utl-:Jbl'lj bl'fl~ 'Vll'Yl :IJ'U'W :IJ\?j :IJ'Vl N'W-!119/1;11;1 

(membrane blebing) ~m1m'l1'mi''W'UeJ-!Jbl'ljbJ'fl'fl 200 µg/ml 'Yl1J17!9i1;lrl''UV1.Jl'U\91 l:l.l'lf~l'il'W it1 l\91'Ylcl1 

bl':IJ'U1'1Jj:;;~1;1m1w:;;1:J~t11J (JU 5 D, G & J) 1rlv~fllj~'flff'UeJ-:J DAPI 1ufl~:1J~umi'1t1bl'ljcJ'fl'fl~ 

'J) 'J) .d d ~ Q.I a' .-=::.~ ~ d ,,:=:. d ~ O 

l'U:IJ'U'W'Vll'Yl:IJ'U'W 1;jfl£1W:;;1911;11;1Ufl\91fleJ'W1lfl1;ltlcJ'\91'flcl' DAPI cl':1Jllcl':1Jtl'ill'W1'W 88.75 ± 7.4%, 73.15 ± 

o Q.I 9 31 t1d .::::. ~ ~ 
11.0% !11;1:;; 40.32 ± 4.5% \911:1Jcl1~1J 1'W'Vl1-:J\91H'U11H9/1;11;l'Vllfl~ early apoptosis l'Yl:IJ'IJ'W\911:IJ'U'Wl'flfl11:IJ 

1'11'mi'u~1vi:1Jt'W ~\17'W1'W 8.75 ± ci.4%, 20 ± 3 .. 9% 1m:;; 51 .54 ± 4.1 % ~1:1Jrl'1iu hwrl'n'hlw:;;i'J11ri~t1cl' 

~~ff DAPI uuu1:Jfltl1iirnv 11~1:J~~ff PI ~fl11j1:1Jflij:1J'UV-!l1ifo 1t1 !flj:1Jl~'W'l1'WlllU'W 'U'Wl~'UV-!l 

'W1lfl~tlff~l~fl1;l-:Jfl11Ufl~!l1;l:;;'Yl1JflU!l\91fl'UeJ-!l'W1lff~tlff (nuclear fragmentationY (JD 5 E, H & K) 
. ' 
I .:::::s· Q.J • d'c;t .c:t. ~ • O . . 

· l'lf'Wl~t'J1fl'Wl9iclcl'Vllfl~ late apoptotic '11jeJ necrotic cells 'ill'W1'W 2.5 ± 0.6%, 6.84 ± 0.7% 1m:;; 8.12 ± 

1.0% \911:IJclliU l'flt.J'i):;;'Yl1J'W1lfl~tlcl'~'flffll'fl-:J'UeJ-l PI (JU 5 F, I & L) 

QJ a'9 I J r/ I 

clfl'hlW:;;'tm-!ll9/1;lcl !'Wfl~:IJ positive control (Doxorubicin) l:1Jtl~l9/1;11;lll1J1J bright field 'Yl1J11 

19/1;1t1'UeJ1J1 'U\911:1.l'lf~l'il'W it1 l\91'Ylmffll'U1'1Jj:;;~cl' fl'hlw:;; 1:Jij t11J (itJ s M} 1rlv~ fllj~~ff'lleJ-!l DAPI 

'Ylu11 n1911;1rl'untWrn1u s7.74 ± 8.4% 1'flm'l1uih1ri~c.1ff~~ff 0AP1 rl'n£1wd~t1rni1vu cl'J1rn:1Jv 

'Yl1.Jl9ic!rl'~lfl'fl early apoptosis l!l'W1'W ·1.4 ± 0.3% l~t1'il:;;'Yl1J'U'Wl'fl'Utl-l'W1!fl~tlcl'~l~fl1;lslfl11Ufl~ ~ 

fllfi1:1Jf1~:IJ'Utlsl!i'W1t1 lf!J:IJl~'W 'Yl1Jflljil\91f1'Utl-l'W1!rl~tlcl' (nuclear fragmentation) (lU 5 N) 1m:;;1~1J 
. ;,..d .c:t. . , . ~ d .c:t. c:!. . . 0 . . 

l9/1;lcl'Vllfl'fl late apoptosis fltl:1Jfllj\91~ffll'fl-:J'Utl-:J PI 'ill'W1'W45.07 ± 3.6% (lU 5 0) 
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Bright field DAPI Pl 

A I 

c::=:::::i 

D 

G 

... I QI ti ~ .c! 91 y e1 JIJ 5 U'i:1'~.:J1H11-HU~lCJHHIUl;l~'U1lfHHJ'i:1' ,Jlf1fll'HJeJ:IJ~1fJ 1:1' DAPI Ul;l~ Pl , B = BLEB, C = 

CHROMATIN CONDENSATION, N = NORMAL, E = EARLY APOPTOSIS , L = LATE 

APOPTOSIS , SCALE BAR = 10 UM 
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"' "" 'W 1 l rHHJ'ff 

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

fraement DAPI) (PI) 

0.66%EtOH 100 0 0 
(negative control) 

SOM extracts (IC20) 88.75 ± 7.4 8.75 ;:E 0.4 2.5 ± 0.6 
[76 ± 3.1 lµg/ml] 

SOM extracts (IC50) 73.15±11.0 20 ±3.9 6.84 ±0.7 · 
[132 ± 5.63 µg/ml] 

SOM extracts (IC80) 40.32 ±4.5 51.54 ± 4.1 8.12 ± 1.0 
[172 ± 7.34 µg/ml] 

Doxorubicin (IC50) 57.74 ± 8.4 1.4 ± 0.3 45.07 ± 3.6 
[2 ± 0.35 µg/ml] 
(positive control) 
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I 
,::! 

'lJ'Yl'YI 5 

:v 
QJ I I .::SO .:"::). .C::. QJ QJ .:::1 

mmn-.'.l'fflr'i 'JltlU'Wl\?llft'lf'W\?l Sargassum oligocystum Montagne 1J';i !Till 'il-.'.J'l11\?l'lfft1_Jrnft~ 

'il-.'.l'l11\?l'J~t1t1-:J'lf1-:J'J~'l1 iN1~t1'W'VH) rri m ti'W 255 o ~ -:J 1 ~tJ u 1:JJ m tiu 25 51 tl1mtrn\?li1t1!\?lflftt1 h 

!jl'Vl'Wllft~ltJ'Vllifttl~CJfl\?l\?l 1'W'a\?l'Jlff1'W 1 :1 ii1~'W'ffl'J~tl\?1'11t171J (SOM extracts) 'il1m!u_l'\'1nn 

1h~1iJu 1h~ff'Vl1i fill'l 'Utl~ffl'J'ff f1\?l SOM ~el f11'J\111'W f11'H'il1tyl~1J t\?ll?'it1tCJflHllJ~l~ -.'.J.1hf1:JJ\?l'Qf1 (Hela 

A , , QJ . J _ ~ A d1 9J d QJ d 1 cells) lJfll IC50 l'Vllf11J 132 ± 5.6 µg/ml llJtl!U';itl1Jl'Vlt11JNft'Utl-.'.J Doxorubicin 'Vl 'lfllh.Jt11Jf1'1fllJ~l';i-.'.J 'W 
:v 

U'il~1J'W l'l1J11JJ Doxorubicin ii1h~ff'VlTiml'l1'Wfll'HJ1JcJ/lITTin1imncrn\?l SOM !\?ltllJ~l IC50 l'\!11f11J 
,I . . ,... • . 

2 ± 0.35 µg/ml !\?ltl Doxorubicin 1~umrn1-ey'Vl11 ul?'im'Jtrf1\?l'illf1'ff1'11'.iltlfflJ1\?llft!il'Wm'JUfl\?l'l1tl71J 

ii 1 :IJl ft fJft 'i1 ftltl'lfU \91 ';i 1:J.Jv tji 1 tinu m'il 'il ~l'\' 11 iii m rnv nq'Vi f I u1 :JJ nu ~ Q.I 9) QJ 

(synergist) r'i';it)r'iflftl-.'.Jfl'W 
,... '31 cl ' :v 

1 Q.JA d~I .:::::i.A 

(agonist) \?l tlf11 ';i 'Vl \91 ft tl-.'.Jfl H 'W Doxorubicin :IJl u 1 '11 m tlf11 ';i tltl flt) 'Vl 'Ji 'Vl DNA u111rum.itl1mft1u 
" 

0 1 31 cl ill o' d O 31 d1 d ill I 

minor groove '\!11 '11ltl'W !CJflJ topoisomerase II 'Vl'Vllr'i'Wl'Vl 'Wfll';iflftltl!f1ftt11'\Jtl-:J double helix !lJ 

0 lrJ j/ Q,I c1.:::1 cl 4 . d o 1 31 ., 
'ffl:IJ1Hl'VlN1'W 1$1 fl1'JU-.'.J!fl';i1~'11\?lltl'Wrn'il-.'.l'l1~\?lft-.'.J l!ft~!'l1'Wtl1'W1 '11!CJfft1;1\?l1tll!U1J apoptosis (Fomari 

et ;l., 1994) 1m~1rlv 111' Doxorubicin ~fl11:IJ!'li'mi'u 2 µg/ml l'l1J11!CJf1;115ri1u1'11ajtJ~!'WUi11l'l!U 
. . 

• • • • I • '3J I ' • , 1 

UlJ1J';itl!!!1;l~~?lff!!$1-:J'Utl-.'.J PI ~1'W1'W :IJ1 fl U7!'11\?l l1l~tJ!'lf1.J Ul 'Wel-.'.J 'ill fl boxorubicin I~ 'W t11-f fi'lfllJ~!~-.'.Jvi 
. " q 

'3J I I • I 

foh~ff'VlTiml'l~!-.'.J \?l-.'.J'W'W!JJm.i:JJ1unmvirvhnum'JUfl\?l SOM 1'W';i~UU'l11;'ltl\?l'\!l\?l1;'ltl-.'.J (in Vitro) 9f-.'.JIU 

lJ!CJfftci'nrjJJ macrophage (in vivo) ~fltltl'ilUfl'W!CJfmrn\?l'Ufl~ 19l-.'.Jtl''W;-.'.Jl'l1!tt!CJf1;ltl''WWJ'Wl!il'W late 

apoptosis r'i~tl necrosis 1i:1J1f1fl11flrj:JJ~ l~-f umHffl\91 SOM 

a1 'l di ~I "" """ fll';jfl'fl'lflfll';iU\?lf1'Utl-.'.J DNA !'W agarose gel 9f-.'.J!u'Wfl1';i1!m1~'11!'lf-.'.JfJill.fl1l'I (quanlitative 
da1 .ci,c.., a,, ~0.1 jJ j) 

analysis) lJftf11Jill~'Utl-.'.J smear band !!1;1~fl11:1Jtl11'Utl-.'.J smear band 'il~lJUlJl'l'W'lifl1Jfl11:IJ!'UlJ'U'Wffl';i 

Ufl\91 SOM ~1ri:1J~'W (dose-dependent) 1rlv11.0t1U!l1t1Ufl1Jflrj:1Jfl1UfJlJ 'ff7!'1119.j~ DNA l!\?lflttfll!'W 

'W1'il~!fl\?l'il1f1fl1';il'l1-.'.J1'W'Utl-.'.JW'Wl9flJ1'Wf1rjlJ endonuclease (caspase-activated DNase; CAD) ~-.'.J'il~\91\91 

' I &_ l1]9J d I QJ 

'ffltl DNA ';i~'l111-.'.J nucleosome (intemucleosomal region) CJf-.'.J'il~ !\?l'ffltl DNA :1Jfl11:1Jtl11\?l1-.'.Jfl'W 

'LJ';i~:IJlill 180-200 base pairs (BP) (Linfert et al., 1997) \91-.'.Jtl''W fl1';i1!fl';i1~tt!\?lt11'ln~ agarose gel 

electrophoresis 'il~lit1fl1Jill~lil'W 'ladder' !'Wl!~1;l~'lf1-.'.J~1-.'.Jfl'W'LJ';i~:1Jlill 200 BP t-:J1m11-.'.J\?lH'lf1:J.Jfl1';i 

"" d ill 31 °' ~I d ill o' "" 
lf1\?l late apoptosis r'i';itl necrosis 'il~ !\?11;'lf11Jill~lu'W 'smear' U'W agarose gel !l'l';il~lJ!tl'W !CJflJ'l11;11tl'lf'W\?l 

O !1) d QJ I ~I 0.1 

'Vl1'11'Wl'Vl\?l\?l chromatin DNA l!Uu-iJ'll!u'W1;lf11Jill~'Utl-.'.J random DNA fragmentation (Walker et al., 

1999) 
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fll'.iftnmn111 flfll'.i\l'llt1~m~ t1Tw1 i \Pltlffl'.ifffl\ol SOM i\Plt1ftmrn1 m1w:::'l1tMiA11fl~ t1ff~1t1 

fll'.iVti:1JffYlmrn11m"lf'W\ll~tJ DAPI 1m::: PI vnd1iunri:w~1im1'1t1ffl'Wfl\ol SOM iim11u~t1'Wl!Uil~ 
SJ q 

'.)/ cl ,l.c, 0, "I I .C, ?J n J d .N Q "I I 

'Vll~\oll'W surface morphology fltl l"lfilil:Wilfl£1W:::mm 1:Wl'l1tltl\oltltlfllu'WJum:::'1'1t1 fll'Jlfll:::mrn~n 1:w 

l J' c:::. lr\3'• t::.1' d Q.I rl d 

ll'W'Wffl:1Jl'.it1'11iq\ol'\llfl'Vl'WN1 !\ol~ltl :IJ\9.l:IJ'VlNmlCJfilil (membrane blebing) :IJ apoptotic bodies m:;::u1t1 

'i °' i cl .,, i cl "' " I"' i "' .,, tl~ 'WCJftl \l1 Vlillff:W'11'.itltltlfl:1Jl'Wtlfll"lfilil 'Wfllrn'fl'lfll'lMurn1w (quantitation) \oltlfll'J1lfl'Jl~'l1'Vl7~ 

nuclear morphology 'lltl~ffl'.ifffl\ol SOM Vl1J17 i1fll'J'.i1:Wflzj:Wfl'W'llti~iio/uit1imm~'W (condensed 
,d -==:t t::.1 . 4. Q.) d J .. cS · ~~ t::.1 

chromatin) 1m::::Wfl1'.i ll\l'l f1'1Jtl~ 'W 11 fill tiff (nuclear fragmentation) CJf ~ 11 fl'.l:IW:::YJVl 1J'Wll ff\ol~tl~l CJfil rl\l'l\olij 

DAPI lt~lli~\olff PI 1dri~uim~m1mi11rl'ET~r1~iim1:1Jff:IJ\j'.iW ff PI t~ 11-i~nmrn~l'Wl~ i~11t1wh 

l~'Wfil'.i\l17tlll1J1J early apoptosis (11\olff DAPI l~'Wmlti:w '1) 't11'Wi'Wfl~:IJ~D:IJ~1tl'lltl~ Doxorubicin 

Vl1J1ll "lfllrl'ri1'W i mui1fll';j ~ \olff'lltl~ PI l dti~'il1rntmi':IJ!"lfil&llfl\ol'Jt1'1'11 i ttff'lltl~ PI 1-0'1ri1~mr :IJ!CJfil&l~~ u q 'U <U q 

~I QJ d'd . ~ 
lu'Wilfl'.l:IW:::'IJti~lCJfilrl'Vl\l'lltllllJU late apoptos1s '11'.itl necrosis . 

fll '.i l f1\ol apoptosis i 'W '.i ~U 1J '.i N fl7 ti (in vivo) '\l ~ii ri ~'fftyty lW i tti'.i fll'.i fll i\ol l CJfil&l~ \l'l l tl~1 ti 

,d cl ~ c/d. I 

m:::U1'Wfll'.i phagocytosis i\olt1:IJ macrophage 'il~:IJllfllJfl'WCJflfllGJfilil'Vl\l'lltl ll\l'l i'W'.i~1J1J'l1iltl\ol'Vl\oliltl~ 

,I.C, 'i ~ lrt T O i cl '.)/ I 

(in vitro) lCJfilil'Vltl~ 'Wfl'.i~1J1'Wfll'.ilfl\ol apoptosis t:IJ~fl'Vllilltl \Pltl macrophage '\l~l'lllr;J''.i~U~ late 

apoptosis ~~llll'il~fl'U necrosis ~~1Jfll'JU11l'lltl~ organelles 1111~'1 '.i1:IJ~~fll'.i1J1:IJ'lltl~lCJfil&l~1tl iu 
• ~ ~ . ~ , I I . 

fll'.i'Vl\Pliltl~flf ~'W illl'J 1'W.fll'l5'W:::l~l'J~lCJfil&la'Wl~tl1fl'W1:ll:IJl'.i t11J l "lf mll1 lf1\91 apoptosis i 'W '.i ~tl~l1 ll\l1 flliiH 

tl'W (heterogeneity) . Nff:1Jti~i'Will'lf'W:::1~hnt1'W Nilfll'J'Vl\oliltl~~l~'\llflfll'.ill\l'lfl'lltl~~lg'Wltl (DNA 

e£1 ~f I a., 

fragmentation) U'W agarose gel '\l~lu'WN·i1'.i1:IJ'.i~'l111~ early apoptosis fllJ late apoptosis (Linfert et al., 

1997) 
w w . 

Nil fll';j 'Vl \oliltl~flr ~'W 'r!'tl \olflfttl~ tl1J fll';jflfl£11U'.i~i'r'Vltmw'\m~m'Jff tl\91'11 l'Jl1J 'ill fl'rl'1'11 '.iltlff 

J1m11 i 'Wfll'J 5uJ~fll'J rn1tyt~u il9l'lltl~l"lfil&l:W:::11~'l5U\9119i1~ '1 l'lf'Wl"lfil&l:W:::11~1t1i1:w (MCF-7) (Park 
.,, cl cl cl . . 

et al, 2002), lCJfilil:IJ~!Hl:IJ\91liltl\9l'IJ71 humen pro-myelocyt1c leukemia (HL-60) (Bhaskar et al., 2004) 
lr] & QJ I Co cf 9J 

flil tflfll'.itltlfltj'Vl'li'lltl~Ll'l'J fucoxanthin fffl\91'\J1flff7'11'.ill'J'l5'W\91 Undaria pinnatifida fltim:::19.J'W DNA 

i ,I cl O"!'.J/i I Q I 
fragmentation !Ill~ apoptosis 'WlCJfilil:IJ~!Hill !ff '11ty'l1illtl'l5'W\9ll'l5'W Caco-2, HT-29 1rn:;:: DLD-1 

(Hosokawa et al., 2004) ffl';j iVl~llCJfflflll'J;~trfl\ol'illfl Sargassum latifolium Ut]'Vliiunnvu«~ 

a' cldt:!i (l,lt o Vi 
lCJfilil:IJ~!Hl:IJ\91!iltl\91 (lymphoblastic leukemia 1301 cells) il9lt1t11Jl'J~fl11Yllilltl DNA 1rn:::m~19J'W 'W 

c:::. \1]9J Q.I 'J) Q.I & Q.I ' 

lfl\ol apotosis !\ol (Gamal-Eldeen et al., 2009) 1m:::t1~fftl\olrliltl~fl1Jfll'.ifl'fl'.1:11ffl'Jfffl\91'11tl11J'\l1flff1'11'.iltl 

c!. ¾ d '1 Q.I t c:::. ef ~ 
ff'Wl\91711 Turbinaria conoides 1rn::: Sagassum binderi :Wt]'Vl1il'J1Jl'J~fll'.il'\l'.ity'lltl~lCJfilil:IJ:::l'.i~Ulfl:IJ\9l~fl 

(HeLa cell) ii~1 IC50 ll11tl1J 20 1rn:;:: 90 ug/ml mm\'1~hrnuu11fl~l'Jffll\l'lfl imm~'W'11'Wlll'W'W llc'l~ii 
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f17'.i!!\llfl'Uel-:J DNA ~-:Jfl'.i~'il1t11'W agarose gel ~-:i1~mfm1w~mV11~'Uel-:Jfl1'.i\llltl!!UU apoptosis 

(Saengkhae et al., 2009B; Saengkhae et al., 2010) 

'.i-:Jfl1\lltl'Uel-:Ji'Y7r'i'J1£J~h11\l11~ ~el carotenoid 'll"W\91 fucoxanthin 1m-1tl'-:i19l'ml'Uel-:J°fflr'i'Jltl* 
q 

¾ Q cl 1 ~I rl,.1 Q.I d & 
'Wl\lll~:IJ alginic acid !9l'~~~ ~ff 1rn~ sulfated fucan (fucoidan) !u'Wel-:Jflu'.i~flelUr'i~fl:IJt)'Yl1i'Y11-:J 

,:::;i I 9,) Q 1 'J} 

'b'1.fl1Vl:IJ1fl:IJ1£J !'b''W\lll'Wffl.HJ~el'ff'.i~ (Sachindra et al., 2007) ~\91.fl11~ '.iflel1'W (antiobesity) (Maeda et 

al., 2005; Hosokawa et al., 2010) ~\9lfl1'.i!~'W!1Jlr'i11'W (Maeda et al., 2009) 1m~vuJ-:inl'.i"eJfl!"ffU 

. (Shiratori et aL, 2005) i'Y1'.lU'.i~flelU1'Wfl~:IJ9foi'Vllll tVl~!!9iflflilHl !'lf'W fucan) !!~~ fucoidan VIU:IJlfl 

i'W'fflr'i'JWfftll\lll~ 1rn~i~'W l1,1J~!!CJfflflll '.l i~iiJ1\l17~~1 m1' (fucose) !~'Wel.:JflU'.l~flel'.IJr'if;l fl 1 'W 

t:IJmfJ~ ijfll'.i!!'Yl'W~r'i~lff\91'.lelfl~~#i'1£Ji~1vJ\ll~\>ll!!r'i'W-:J~N''l vh1tt-erui-:inci11nq'Yli'Y11-:ii1mV11'W. 

Q,.I ~ Q ~ Q./ t C). o' d I Q.I . 

fll'.i £JU£J-:J fll'.i lfl\olel'W :IJ~el'ff'.i~ !!~~£JU M fll'.i ! 'il'.itll'Uel.:J!CJf~~:IJ~!H !'b''W fl'W 
q .. " 

. ,, ' 
4 !j/1 Q./ i:::::1,.,1 ..:::::t. Q <ii QI a., Q ti d O I 

tl'1!!:IJ11i'Y1'.i'ff fl\91 SOM 'il ~:IJu'.i ~'ff'Yl 1i fllVI ! 'W fll'.i £JU £J'1 fll'.i !'il'.iqJ'Uel-:J!CJf~~:IJ~I H\lll fl11£Jl!!N'W 

U'il'il1J'W ~-:Jl~'W-el'l'.i lflJJ~JJfl11:IJ!~'W'Vh1nrnCJf~:IJ~I~ ,:j~fl11;1-:Jl~U l\llelV1-:J'.i1\91!~1 !!~'IJW~!~£J1fl'W . n 
q 

v\'1mm91m(u n~~ n1tl'-:i1~u t\llelVN':11\911111u l'Ufl'.i~\olfl v\'1mm~uum-:i1~umm'.i "IM u~~!~'W 
" 

' ' "" 'J) <=! 

mu 1\ol~el :IJ'Vlttm nttm £J 

hfl 1 ~ iM 'ill n ii!! hw.1rl1tf t!Jtt ~ W'b''W\91 t 191 mm'l7~1i111J i el 1 el~'W 1i'1~ t..!1\llQ~U 1 'W'Q lll-el'ltt mrn~l-:J'l 
. . . . . . . ,· . . . ~ . . . 

1iu u :1J 
11 elfl'n'1:1J 'll'W :IJ'LJ-:J !!~~'Q\ll-el'ltt m mi r11el-:irl1m-:i 'W el fl'ill ni'l 5-:i 1 'lfU'.i ~flelU mm'.if UU'.i ~mu 

llJ 'JJ "" di 11 "" d ,;i 11 "" ·, 'JJ ~ • .d l • 
!\9lr'im£J'b''W\9l 9i-:J!u'Wr'i{)flil'W'Yl!!"ff\9l-:Jtl-:Jfl11:IJ!u'Wl'l'EJflel'W'U1'1\l11 (fllt!J'il'Wfll'b''W {)1:IJ 'W:IJ'W\ll, 2527; 

Q./ Q r/ I .d I&::!~ d & i:::::1 I 

2550) !!~ ~'ill flr'i~ fli l'W 'Vll-:J 1'V1£Jlfl'lbl'\ll'.iVIU 11 fll'.i'VI -el'lr'i '.iW'ff'Wl\lll~:IJt)'VI 1i'Y11-:J'b'1.fl1Vl:IJ1 fl:IJ1£J 1 'b''W 

d Q j) Q.J I <J/ Q 9,) ' d Q !l) dd Cl cl cl d 
11'1:IJ'.i ~UUiJ:IJf.J :1J fl'W 'Uel-:J'.i 1-:J flW \lll'W el'l;p,j{)el'ff'.i ~ tll '.il-:J fl1£J:1Ji;}:IJ\lll'W 'Vll'W 'Yl\9l:1Jfl11:IJ"ff:IJ \J'.i W !! 'U-:Jll H fl 

'i)~{1'1:IJ1'.i tl~el~flU l '.ifl:IJ~l1.:i 1191 i-:iJu;-:im'.infll'.i'iWJ'WlNill9lflWG}'l'i)lfl-el'lr'i'JWnJ1\l11{)elVl'1!~'W 

'.i~UU n1ml'1m1'1¥'.i1:1JflU£Jl!!N'W'LJ'ilV'U'W v\'11tt1'11''ll'Wl\91£Jl!IN'W'U'ilV1J'W{)\9l~-:J (Philchenkov et al., 

2007) 

elVl-:J l'.in\lll:IJfll'.i1'il£Jflf-:irlitii#i'~-:ir'l1-:Jl~elr'il novel compound l~el-:J'illfllli'el-:i 1i-:iuU'.i~:IJ1W 

n1rl'-:iflu 1fliel-:iijel 1 ~'W'il7'W1'W:1Jr'llfl'l{) !!{)~'il~1 i11mmu1 u mnf wimN~\lltlW CVJ!l~~~'b''W\91 i-:iiTu 

fl1'.i1'il£Jflf-:irl1~'W fl1'.ififl1fl-el'l'.i"fffl\9lr'i mu (crude) ;,:i IU'Yl'.i7U17tJ'Vlf ~mm'.it1ViJ5-:im'.i 1 'il1qJ1~u 1 Ill 

'llel-:J 19/{) cl' :IJ ~! ~ .:iu 1 nmra fl (Hela cells) 1 fl\91 'il lfl m '.i rl1r1 UJ! 'Vl £J-:J i 11 ~ £J1 r'i~tllfl \91 'il 1 flr'i ~ wi 1'VJN1 'W .. " 

'J1:IJ fl'W ~,:i 'ff 1'11 'J 1 £J'b''W \911~ £J1 fl'Wl!~ 1nu :IJ1 'il 1 fl'ff tll'W ~ ~l!\ll n\9'i 1-:J fl 'W VI 1J 11 nu '.i ~i1'VI] fl1 VI 1 'W fll'.i VU 5-:i 
a. d d d, Q./ d O 0.J ~ e!QJ i a. ef d 

fll'.i l'il'.it!J'llel'1 I 9i{) {) :IJ ~l '.i '1 'VI \lll-:J fl'W el l'il! 'W el -:J :IJ1 'ill fl -e1'1 '.i-el'lflt!J'YI elelfl(]'Yl 1i £JU £],:j fll '.i ! 'i)'.i t\J 'Uel-:J!C)f{) {) :IJ~! '.i -:J 

29 "1568 



24 

tl''W ell'il!tlmn1'Vl~t1ilri~1n~~'W 1 'W 'li'.i'.i:JJ'lfl~b :t'l1'11~ m :t'IJ1'W f)l'H~'IJ 1ri mt1i~~~111~JeJ:JJ~lll'Vl1:t 
q SJ 

I I ,I I j) I 

m11 '.i1 ti'lf'W ~1 ~t11 n'W vi1n~ i 'W ~ ~111~J u:1-.1~1~ n'W ;~ um1 eJeJ fitJ'Vlll Yi uri n~1~ n'W 1 ~ i~ir 'W neJ'Wvi 'il:t'W 1 

Id¾ .q Q./ ~I .q Q.J rl A .dl 
ff1'1111tl'ff'W1\9111:l'lf'W~ Sargassum oligocystum Montagne llll'IWJ'Wl!uW,rn\91.f1U!CV1 fl11:JJf11HfmJ1 

n1;11 flfllJeJDfltJVI !i tt'u ili~ 1 ~t1tl1m'Vl~1:lel~ tl'IJ!"lfml :w:t11 ~'lf'W ~t'W '7 111;1:t 1 'W'ff\rllVJ ~1:leJ~t1t1 

. j) . . . 

QI I d o · . a., !lJ CV 

ffl'j'fff1~'11 tn'IJ'illfl'ff1'11 ';i1 tl'Vl :ti 1:l'ff 'Wl\911 ci Sargassum oligocystum Montagne \jf1'fff)~~1tl\911 
. ~ 

y\'11;1:tm£Jr--r'ffm:tr1i1~ ,~flj;je) hlJ1'Vl'Wl!1:l:t!el'Vl 111:lel:t~hri~ erri';il:Y1'W 1: 1 inmtHTu ET~ nn1'il1ru'Uel~ 
. . . u 

,1 d .I 1 "" , , .., "" !;l1 
!"lfrlrl:IJ:t!Hulfl:JJ~~f) (HeLa cells) !~tl:IJfll IC50 !'Vllfl'IJ 132 ± 5.63 µg/ml :IJfll';i!!\rlfl'Uel~ DNA !u'W 

q d't::! CJ d I d Q.J " ,d . 19 Q.J 

smear band !'W agarose gel !"lfrlrl:IJrlfi'hlU!:tflrl:IJ :JJ\9J:IJVIN'IN!"lfrlrl lJ apoptotic bodies m:t'il1£Jel~ !'W"lfl:J 

1\91 'W1!fl~tl'ff~~~ DAPI 1tlm1Vel:JJ '7 l~'ffJ11'ff:1..Jel (nuclear fragmentation) 

di \JJ /49 o, \JJ j di cl \JJ j d ,,j cl o, 

1. fl1rn'fi'hllf11:l lflfllJelelflt]'Vl'li !'W';i:;;~u !C)J' !\9ll'l1;ll"lf:JJ'l1';iel !:JJ !\rlflel'W!~';itl !l'leltl'Wtl'WflU\9111J 

11'1.J'IJ apoptosis 

2. m1um1'Vl~r10~ i'W1"1f1;1c1un~1mt1rnvit1unum1'Vl~r10~ iwCJfM1:JJ~;11 ~ . 

t::i q r1 d ..:::. d 
3. fl1'j:I..Jf)l'jVJ~j;je)~ l'W!"lf1:l1:l:JJ:t!'j~'lf'W~el'W 
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a'd 1 cl I ... I ~ (lJ o' 31 
fllt!J'il'W.fll'lf'W m:iJ 'WlJ'W\9'1. 2s21. m11'J1c.1 riru~JJ'J~m JJmTnm1;1mn11\9'1'Jft'lirm. 343 '11'W7. 

I jJ jJ I 

flltlJ'il'Wfll'b''W il1JJ 1'WJJ'Wlil. 2550. 'il7f11'W'W'W~~1'WU ... 6 ili1N7'WID. i'U: 1riHfll'JeJ~fo1:1i'W~mrn 

'W'b'cl 'Ul ~el~ :IJl'ill f)')"l 'j~'jl'lf~11 tl'lJ!~'ill'l 'J ~!'VI l'I! \?l'U 'j 1'b'-ey~1"1 '}J'j]J'jl'lff.]lJlt 'ill f) tlel~l'Ul f)~ ii 
~ ~ Q.> d I ,.I 1 cl 31 ' 31 'Yl~rn 2 {!''J'Jl'l{!'~l;l1'Ul'l'Ulf1tl1 .. \I' .. u'J~ tl'b''Ull'Vlllf1lJ'l11'b''U. '11'Ul 42-72. 

(lJ .J~ 31 
1'U'Vlfl'W'Uell,j1;1 fl'U tll tl'U 2553, 

·http://www.nci.go.th/knowledge/ahatis.html 

!,I "' llJ !,,I 
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