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u , 
U\'lR~Wv 

L~lJ~';i~';i1lJ ~Vl eJ~1'Ul'1f'l Rubiaceae ~'I~'U1'Uvt'Uvit'Utf)';i'ln1';ieJ'lr~'n';-w'U~n';i'jlJYl'ller'U 
d OQ. ~ V ..:.I <Q.. 

L'UeJ'IlJ1~1n~'j~';i1'llVl1';i ~lJLVl~~';i~L'Vl~';iI1l'U';i1'll~Vl1 i ~mlJ1J';ilJ';i1'llnlJ1';i (eJ~.~5.) 1J';iL"HUL1l1~, , 
Ll.~lJ~1'j ~'I'VI1Vl'll{;l1J~ tK'UL~lJ~'j~';i1lJ1~fln'l11lJ1~m~mL{;l~~1J':11 ~1 'j,H1Vl'VItll'U LeJVi {;lB~~LY!Y!il fly! E , ~ "I 

tK1'UlJ~L~'I~1t1n{;lln1l1';i~1JrT'ILeJ'Ul'i1lJ1'Vlt ~lB"ileJLlJeJL 'j~ 1 ~'ILtJ'ULeJ'Ul'i1l1~vhwul~1'U1l1'jf){;l1t1 

Ln~t11'llB'I~LB'ULeJ'llijVl supercoil ~'Itf'U1l1'j~1JrT'I1l1'jvi1'11'U'llB'ILB'U1'i1lJ1'Vlt~lB"ilBLlJBL'j~ 1 ~~ 
I 0 QJ C3I ~ I V ~ ~ d 0 

~'IC-J{;l'j1J m'Um~'Ul'U 1l1'j~1{;l B'I~l LB'I'llB'IVl LeJ'ULeJ Ll.{;l ~1l1'jLL1J 'Im'llB'IL'iI{;l{;llJ~ L'j'l 'iI'I~1lJ1'jfl'U1 

'VI~n1l1';i,jlJ1-W~'U1LvJeJr1'U'VI1t11-rn~1t ';if)lJ~L~'Il~ f)ru~~~1 LU'U1l1';i1~t11~LLtln~1';ici'1rl'Y~il~'VlE 
~1JrT'I LeJ'Ul'i1lJ1 'Vll ~leJ'ilelblJeJL'j~ 1 ~1ntK'UL~lJ~'j~';i1lJ~lm'Vlf)Uf)'Vl1'1tmlJ1t 'Vlfl';jlYl LL~'n111l1';i 
(11';i1~~eJ'U~'VlE~1JrT'ILeJ'Ul'i1lJ1'Vll~leJ'ilBL1JeJL'j~ 1 ~1t116 Yeast cell-based assay ~'I1i~~tJl 
Saccharoml/ces cerevisiae ~1EJ-W'U5 RS 190 ~eJ1'U1l1';i~Vl\JIeJ~'U5m';ilJlVltlm'jLL'Vl'U~fj'ULB'Ul'i1l1r , , 

t'Vlt~lB'ilmlJelb';i~ 1 'lleJ'IV~~~1t1V'U~1nYl'll Arabidopsis thaliana C-J{;lm)1~t1~1lJl';imLtln~1';i 

'U~~'VlE1'UmilJ 1 'Vl'jL'VleJtJ'U fi eJ~1';iU'Vl~'U ~1ntK'UL~lJ~'j~'j1lJl~dJ'Uf)f'l Ll. ';in mh'lhfi(111lJ~1)U'Vl~'U
"\1 \I 

~~nVl Ll.~J1l1~hJil'l'VlEf\11lJLtJ'U-W~I'iBL'iI{;l ~lJ~L~'I'llijVl NCI-H 187, MCF7 LL~~ KB LL"~hjil~'VlE 
~1JrT'ILB'Ul'i1lJ1'Vlt~leJt'ilLlJelb';iC'! I ~'If11'j~~C'! nVlLLCJn'VI1C'!1'j'llUVl~'U\JIeJBn 

fi1~h~'1!: L~lJ~'j~'jllJ, 1'1f'l Rubiaceae, ~l'UlJ~L~'I, t'Vlt~leJ'ilBLlJBL'j'" I 

'\J 



Abstract 

Chassa/ia curvifloro Wall. is in the Rubiaceae family. It was collected from 

Plant Genetic Conservation Project under the Royal Initiative of Her Royal Highness 

Princess Maha Chakri Siridhom, Samaesarn Island, Chonburi Province. Ethyl acetate 

extract of Chaetocarpus castanocarpus stem exhibited anticancer with 

topoisomerase inhibitory activity. Topoisomerase I used for relaxing supercoiled DNA 

in the DNA replication step. Bioassay-guided fractionation with yeast cell-based assay 

has been used for isolation of bioactive compounds. Saccharomyces cerevisiae 

RS 190 inserted with topoisomerase I from Arobidopsis tha/iana was used for yeast 

screening. A triterpenoid compound, betulin, was isolated from stem of C. curvifloro 

for the first time. However, betulin failed to show cytotoxicity against three cancer 

cell lines, NCI-H187, MCF7, and KB. Extraction and isolation for other compounds 

from C. curvifloro stem should be further performed. 

Keywords: Chaetocarpus castanocarpus, Euphorbiaceae, anticancer, topoisomerase I 
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4 CV II~ II evo 

f111 LmtJll~11~f1~Vl tJ l'U(tl'UL'!JllYi1~111l~'d tJ~TVl1fl~m tJ .. ... .. ......... .... ..... ... .... ...... .... .... . . 5 

TLC ~11~n~VltJ1'U~'dtJ hexane (H) ~11~n~VlV1'U~'dtJ EtOAc (E) LLfl~~11~n~VltJl'U 
.,..1 ., .., 0 cOl..l 
~1tJ MeOH (M) 'Vl~f1LltJf1'U'U TLC plate mtJ(tl'd'Vllfl~fllmflflEl'U'Vl hexane:acetone 

(4: 1) Ltl~tJ'ULVitJ'Un'U~111l1(tl1~1'U ~-sitosterol (8) ;.:jm'dIiJ~El'Ul~tJ UV 254 nm (a), 

UV 365 nm (b) Lbfl~ anisaldehyde-sulfuric acid spray rea~ent m~~1,xmlll-rEl'U 

110°C L'lJ'Ub'dfll10 'U1Vi (d........ ........... ................ ........................ ...... ...... .. ........... ......... 6 

bl(:.J'UJJiJll~~.:jf111LLtJf1~11;;11 1'i'~liJlf1~11~n~VltJl'U EtOAc ~'dtJ15 column 

chromato~raphy... .. ... .. : ... .. ....... ...... ... ...... ...... ............................... ......... ..... ................. ..... . 7 
., col •1fl1.:j~11.:j'Vll.:jbflll'lJEl.:j betulin ..... ............ ... .. ... ....... .. ...... ... .. ... .... ... .. .. ............. ....... ............ . . 9 
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Anticancer compounds with topoisomerase I inhibitory activity from 


Chassalia curvijlora sterns 


~"lJ1Vl1 ~'lJVI~e:J,:j e:J1~~VlU ~e:JmJfl'l~1 'l'Vl5 ~'Vl5P!~.. , ; . 
Suchada Sukrong, Areerat Laorpaksa, Ruth Sutthisri 

mfl1'!jlLml'!jnVlU"'::LJ)«'!j~'lf1~1'!1?1\Jl{ flCU::Ui«'lJf'11?1\Jl{ 'lm"''In'$ClhJ'v'l11V1 tJlcrtJ Cl'U'U~~11VI LL'tI'N1\11'V1l.i 

L'tI\JlUVPJ1'U n~'ILVI~i 10330 

Department of Pharmaco~nosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, 

Chulalongkorn University, Phyathai Road, Pathumwan, Bangkok, 10330 

, , 
o .!II:\. G.I d 4C:t II 

U'VI'U1 bb(;l~':)1'U1\l EJ'VI LnEJ1'tIv.:) 

~1 floUEllJ~ m~'Vl';i1,:j~151'HU~'lJVflJ:hfl'U1 'Vlf.liieJm1 fl1';iL~f.I~lVl Jl1 CJ1';i fllJ~L~.:JLU'UeJ'U ~'J VI~.:J 
~ , 

LL~~iiLb'U11,j'lJi1~~iicrtbm~lJ~'U 1';ifllJ~L~.:J-.ijVlLU'U1';iflfh1off~1f.1~,:jbL~~1';iflb~El~,:j Bfl~,:jE1',:jLU'Ufl"lJ1';ifl 
~ ~ , 

~~,:jt:.J~ m~'Vl'U IiiBflru.fl1~~lVl'lJEl,:j'lh~"lJ1"ll'U nEl1~LnVl fl1';i~fllb~CJ~lVl~1flfl1';ib~'U'lb CJ ~.:Jt:.J~1 'llo,:jvh 1 ~ 
, ~D~ 

L~lJ';i1f.1~1 CJJl1'U~'lJm~'lJEl,:jfl~1 b~El'U ~,:jfllJ Vl~ElVl~'Ubu'Um';i~fh1off~1f.11Vlm1lJ'lJB\I'll';i~L'VlP! tl1, 
~1lJ1 ';in~fl~1L~El~'U~'UCJ1V1~El~lJ'U1~';i~ii fl'VlBvl.:J fl"11 rhi1 ~~Lu'U'll ';i~lCJ"llU Iii El crth CJ L U'Umh.:JlJ1 fl , ·1 ~ 

b"lf~~lJ~b~.:JbU'Ub"lf~~~iieJVl';i1 fl1';iL~~rub~'UlVl~\lfli1b"lf~~'llfl~ vl\l'!'Ub"lf~~lJ~L~,:j~EllJijfl1';i., ~ 

~1~El,:j1K1'lJEl.:J~L~hJbEl (DNA replication) ~,:jVl1lJ1'll~1CJ ';.:J.rr'UVl El'U'lJEl,:jfl1';i~1~El,:j1K1~~1fi'qJ Lb~~ 

~1bU'Umh,:j~.:J.rr'UVlEl'UVI~\I fiB fl1';ifl~1mfl~m'1JB.:J~La'ULEl"lJiJVl supercoiL (supercoiled DNA 


relaxation) lVlmEl'Ul"lfl1vhoff~1V1~'Ufl1';ifl~1 mfl~CJ1'lJEl.:J~1CJ&lLa'ULB fiB LEl'U1"lflJ1 'Vll'V'llB"lfelLlJElb ';i~ I 


(topoisomerase I) ';.:J~ ~'¥11V1,j'1~fl~1CJ'lllJ LVloU El~Vl LLCJ flJl1 CJfl1';i'¥11mCJ-W'U5~'V'l El~1'V'llVl LEl~L'VlEl {
, 
';i~Vli1.:JVll1yJEl~ L'V'lVln'U1®'lVl';iL~'U'lJEl.:J~1CJ&lLa'ULB vl\l,!'ULEl'U 1"lflJ1'Vll'V'llEl'llelLlJelL ';i~ I ~,:jLU'Ub{hVllJ1CJ 

~ 

VI~.:I'lJEl.:Jfl1';i~fl~11';ifllJ~L~,:jJl1CJ15Lfliit11uVl LdB.:J~1 flVl1fliifl1';iE1''U~.:J fl1';i'¥11.:J1'U'lJB.:JLEl'U1"lf11~.:J mil1 


L"lf~~n~~111~1m';inLLtl.:J1K11~ L"lf~~lJ~L~.:I';.:JiieJVl';i1 fl1';ibLtl.:J1K1~.:Jn~~1~-r'Ut:.J~ m~'Vl'JlJ1flfli1 L"lf~~ 

~ 

'llfl~ 1'U'u~~u'Uiifl1';i1offCJ1~fl~11';ifllJ~L~,:j~ii~'VlBE1''UE1'.:JLEl'U1"lfl1vl,:jfl~11LLa11~LLn camptothecin 


LL~~ El11~'U5'lJEl,:j camptothecin fiEl Irinotecan® LL~~ Topotecan® 1'Ufl1';i~fl~1hfllJ~L~,:j'llElVl 

d '" dl'lJ~L ';i.:J';i,:j 'lJ Lb~ ~lJ~L';i.:J'll1fllJVl~fl 

~ 

~1 flfl1';ifi'VlmEl.:Jfl'VlBIJi1'UlJ~ b~.:J'lJEl,:j~lJ'U1'V'l';i~~'U1'U'U~L1ru~'Umf'';i,:jfl1';iEl'U~m;-W'Ulim';ilJ-W'llVI. , • 

eJ'U L d El,:jlJ1~ 1fl~';i~';i1'll~1~iLfl1~LL~lJ~1';i 'V'l'Ui1~1'U;{'U'lJ El.:J L~lJ~';i ~';i1lJ bb~Vl.:J~'VlB~.:J fl~'11 ~,:jth~'U1~ 
, 

Yi~~'¥11 fl1';i~fl~1IiiEl 

L~lJ'V'l';i::';i1lJ (Chassalia curviflora WalL.) ,rVlEl~1'U1,:jP1 Rubiaceae (b~lJ ~ii~-u'U'VlU, 
2544) LiJ'U'hl~lJ bifiElf.lLLVlflM.:Jtl1'U 1'UBElflVl';i.:JoU1lJ jjtl1'U1'U LdEl1\J\J1.:Jfla1m~ElVl~Elfla1CJm::Vl1~ 
-d€JVle:Jfl€J€Jfl~'llmCJCJ€JVl jjVl~1f.1-de:Jmt~fl Vle:Jflii~1'U1ii1.:J1 El~1,:j~t 4-5 LU'UVl€Jfl~lJ\l';iWL'V'lP! fl~ULif.l.:t 
'llmm U'U'V'4L~ fl fl~\JVl Elfl~'lJ11V1~BijLL~lJ~"lJlJy/VI~El~111.:1elB'U flB Vl€J fllJrlmhVI~El.:l Lf'1.:Jb~fl,j'BCJ Lfl'U 

~ ~ 

LiJ'UYiB'll1flLLm c.J~iiflaUL~f.I,:j~VlLLU'UbtJ'Ud.:J';itl'Uvi'llfl1~ LU'Uc.J~LL\J'UiknB~~1 1JJ~~LL-ii.:J 2 LlJaVl 
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'lh::La'1\Jvifl1~1T~::l~ftJ 
1,,.-' " ~ .J 1'" ,,~ .. 1". I ~.. iJ~.of 
~"ll €JlJ(;1t1'Vl5Vl1UlJ~ b';j.:J"llm "'1';j'Vl bl.W) 1'l~1nVlUb"lllJ~';j~';j1lJb~€J "!lu';j~ btl"!lU'Vl1.:JEJ1b1.(;1~b U 

-U€JlJ(;1~U~1U"1VI~\J~~U1~~~'Vh f)1';j1~tll?l€J U€J n~1nlTIA';j -!I~ ~1.:J"ll€J.:J€J.:J f1tl';j~ n€l'tJ'Vl1-!1 bAil"ll€J.:J~u
".. " 

b~lJ~';j~';j1lJ€l1~1-UbUU Lead compound 1u f)1';j~(9lJU1 EJ1~1UlJ~b~.:J"!lijI'l1Vlll 

.c:..4CII 0 CIt, .c:.. ~ 
15~1L'U'Unl'~1\la 

1. 	 bfhJv1';l€lci1.:J~'U b~lJ~ ';j~';j1lJ~1 n~U~"ll €J.:J LA ';j-!lf)1';j€Ju-rfn;~'U5m';jlJ~"!le)ub~€J.:J~1n, , 
o o<::lo. 	 d Q 4' 

~';j~';j1"!l1'l1';ji bf)1~bb~lJ~1';j bb(;1~m1~"'BU'1Im'Vltl1mMI';j 

2. bVl~tllJ~1€Jci1.:J~';j';jrullJbb~-!I (herbarium specimen) bnuH~YlYl5Jlru""'1jUl~';jAru~bIl;;r'1l 
4' 4' oQ, 4l.I 

pj1 '" VI ';j ~'W1(;1.:J mrulJVl11'Vl tl1(;1 tl, 

3. 	 €JUbb~.:J~€JruVlIlih11 50°C dJUb1(;11 24 i1ill.:J LL~1(;1~"llU11'l, 	 " 
4. 	 LVI~tllJ"'1';j"'nI'lVltl1U~1n~Ub~lJ~';j~';j1lJ Ll'ltlLb"ll"'nl'l~1tlv11vl1(;1~(;11tlBU'Vl~EJ Vl1lJrl'1~Uf1d1lJ 

ili1"1J€J.:J~1vl1(;1~(;11tl L~lJ~1n hexane ;-!lilA11lJili1~1'11'l Vl1lJ~1tl ethyL atetate (EtOAc) 

LL(;1~ methanoL (MeOH) Vl1lJ~1~U Ll'la",n~.j'1~1EJv11vl1(;1~(;11EJbbl?lm~'1Iijl'l~1U1U 3 Af-!li 

(;1~tl';j~lJ1ru 3 ~VI';j 

5. 	 "'1 ';j'" nl'lVi tl1Um~~1 n f)1';j Lb"lim!f)1u~1vl1(;1~(;11 tlLLI?l(;1~ Af.:J Cl ml1lJ1 ';j1 wlU bL~1vl11-.1L-UlJ-UU 
" 

~UIl1tl1~f1d1lJ~U~1 

6. ~f)'tt1t1'VltE1U~.:JL€JUl'1flJL'VlL~l€JL'1fblJ€lL ';j'" I "1J€J-!I"'1';j"'nl'l~-!I"'1lJ"hu L~€Jf)"'1';j"'nl'l~ilt1'Vlt~ 
.J 	 1 .,. ,
'Vl"'1'l 	Uf)1';jpjf)'tt1(Jl€J• 

7. ~n'tt1€J.:Jf1th~nBuL-d€J-!I~U~1EJ15 thin layer chromatography ~~€JlJn'U~(9lJU1';j~UU~1vl1 
d 0 4'0 I CiII II' cJ v 1a 	 u 

(;1~(;11 EJ b~€J'Vl1 f)1';j LLEJ n€J-!lA u ';j~n €JU'Vl1.:J bAlJ"1J€J.:J (JlU b"1JlJ~';j~';j1lJ'Vl Cl n",n1'l€J €I nlJ1 u'"1';j'" nl'l 
" 

EtOAC 

8. 	 ",nl'lbl.EJn"'1';j1-.1u~'1'Vlt~1EJ15 coLumn chromatography 

9. 	 Yl~~'ULA';j-!l"'~1.:J"'1';jU~'l'Vlt~1tl15'Vl1-!1 spectroscopy b"llU UV, IR, NMR, MS 

10. 	 'Vl1'l"'€JUt1'VltE1u~.:JL€Jul'1flJL'Vll~lBlf/jLlJ€lb';j'" 11I'lEJ1iLf/jG'l~VMl 
n1';j'Vl(Jl"'€JUt1'VltE1U~-!lbBUl'1flJL 'Vll ~lB'1f€lblJ€J b ';j'" 1 ~~vl1n1';j'Vl(Jl"'€JUf)1';jL~~qJL&iUl(Jl"1J€J.:Jv",~ 

Saccharomyces cerevisiae "'1a~u5, RS 190 UU€l1V11';jL~a.:JL:5el~ilJ1V11G'l n1b1.(;1A1V1"'bl.G'l~ 
~ 	 ~.J "" :: ~ "" .. .do) ii1 d 1".,j ... ° 1 .,j

€l1V11';jL(;1EJ.:Jb '1Iel'VllJU1V11G'lnG'l bA'" a",VI'Vl b'11 Uf)1';j'Vl(Jl"'Bu~:mflLnu 1'Vl€JruVlIllJ -80 C I'ltl'Vl 
\I 	 \I' \J 

n€J1.J'Lh~"'~lJ11i'VlI'l"'€JU\l~~€J.:Jvl1f)1';j subcuLture ~"'~ a-!ltJU€l1V11';jb~tl.:Jb;ff€lbb~-!I~n'ttru~ 

LaEmUULLU1(;11(Jl (slant agar) LLG'l~tJlJ~tlru'VI~ii 30°C LtJUL1(;11 48 i11lJ-!I ~1mru'l111t.ILnu 

l11u~Liiu LvJ€Jl -atUf)1';j'Vl(Jl"'€JUI?l€Jl tl 
" v 	

~ ii1u .... "" .."1JU0€JUf)1A"bmtllJtlMllJ1 '11 U01WI®"'€JU 

.,j d 	 1!"1 "d .., l' ..J
1) subculture \l1n sLant agar 'VlLnU ';) bU\JJmu a-.3UU slant agar "ElU 'VIlJ LLa::UlJ'Vl 

€ltu'VIIlii 30°C btJUL1a1 48 i11lJ-!I , 	 " 
2) subcuLture ~"'~~1n slant agar a-.31~G'l-!ll\Jel1'V11';jL'VIa1 (broth) ~1mr\J'l111tlL'lJ~1 200 

rpm ~tlru'VI~ii 30°C LtJUL1a1 48.a-1ill-!l 
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3) {9),)1v~rnllJalJU')ru"tl()~vavi 1~vv()lJ~Wavi~1v niorosin LL~TU11U~()~fl~().:)va'VI')')p!t1~
'U " ::> , 

4) 

nl~.:)"tIV1V 100 Lvh 

.., ..I.... ~.J .. 1'f1 " , .1
1~ OD "tim broth 'VIlJva{9) 'VI1'111lJV11I'1a'U 600 nm 'VI~~1'11 OD u,)~lJlru 0.3 

5) L~()vl~rnllJL.ulJ.u'Uvavia~ 10 Lvh~1V broth 1~LiJ'U serial dilution ijrnllJL.ulJ.u'U~ 
-1 -2

0.3, 0.3x10 , 0.3x10 
-3 

LLa~ 0.3x10 OD/mL 

6) spot vavia':)U'Uel1'V11,)L~1~L~V~~1vtI~lJl{9)') 5 J-ll1t1~fl~ru~~~fl1Y'4~ 1 

O.3xlO 
-I 

..:::II. ILl 	 IICIiI ~ q " 4... 
fl1Y'4'V1 1 afl~ru~fl1,) spot va{9)a~U'Uel1'V11,)LaVWIl() 

.ff'U{9)()'Y01,)L{9)1tJlJalAmil'YfllWI~a()U 

1) L{9)~VlJ stock solution "!m~al')atl~LLa~LLl'1lJtf['VILD~'U (camptothecin-CPT) 1~tJ1i 

DMSO dJ'U~hvlla~mtJ 

2) L~()vl~ stock solution ~1V DMSO 1'V11~LtJtlrnllJL,j'lJ,j''U~~()~01,)'VI~a()U 

3) 'l11al,)'VI~~()ULLlJia~rnllJL.ulJ.u'U~t1~lJl{9)') 100 J-ll lt1e.J~lJnU()1'V11,)L~EJ~L~eJ~U~lJl~,) 

10 ml 

4) L'VIel1V11~L~V~L:ff()~e.JalJal~'VI~a()ULL~1a~1'Uvl'UL~1~L:ff() v1~ln~LL~~lJi'1 LL~1~':) spot 

vavia~U'U()1V11~LiEJ~L~eJ{9)llJ15vtt~ml111uLL~1.ul~~tI vlmT'U'l111\JtjlJ~()ruVlfliJ 30
0 
C 

, 	 \J 

LtJ'UL1al 48 id1lJ~ 

5) 1LI'1~1~oJe.Javtt~vl flfll~L~EJ~ValP1 01ValP1allJl')mv~ruL~u1{9)U'Uel1V11')a{9),)fla11'1a LL{9)b.i 
~ \J \J 

all.J1')mv~'l! L~U1{9)1~utlel1'V11~~{9)~fl1 LLa 1'11{9)a LLa~~'hal'~'VI~a()u,rtlij'l'VI~EJU ~~ 

TOP1 l~EJ1tln1,)'VI~aeJuifv~1iLLfllJtil'VILD~'ULtJtllJi'1rnUfllJe.Ja\J1flLLa~ DMSO LtJtI, 
vehicle control 

11. 	 'VI~a()\J'l'VIBLtJtlW~ (cytotoxicity test) IJimfija~lJ~L~~ 3 'tjil~~1EJ15 resazurin 

microplate assay (REMA) (O'Brien et al., 2000) 
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e.l~n1"dfin'j;1 


OJ .oC:Iio.J. tiel 
n1"dfil MI bbfJ nfil1"dU"dfil'VIG\l1n9l'U b'tl1l'W"d::"d111• 

lUb~lJ~~~~1lJ v'Ubb~\lYivru'VI.nijbJbn'U 50 °C rim.l~~tl11tJ'U~~~b~CJ~ lv1J1'V1'11n~\li'U 420 , " 
nflJ 'Yivc.J'lyj'/j1li'1v~1'l~\ln~11v1'·W~1"lJ11 bL~1LL'1iati'~1'UIli'1'vi1~~mtJ hexane, ethylacetate 

(EtOAc) LL~~ methanol (MeOH) \PI1lJ~1~'U ~1'U1'U 3 ~v'U~~~ 3 ~91~ a1~ati'~'VItJ1'UYi1~'Ubb~ 
~~fl.f\l~ntl1lJ1~1lJti''U bb~1~~L'VImb'IX'l.n1~.Mlfl11lJ~'U~1v11mfl~v'l rotary evaporatorlv1a1~ati'~ 

" 'VItJ1'Uv11CJ hexane a1~ati'~'VICJ1'UV)1CJ EtOAc bb~~a1~ati'~'VICJ1'Uv11CJ MeOH tl1'V1'11na1~ati'~ 

'VItJ1'U 9.90 g, 6.80 g bb~~ 26.80 g f1~LtJ'U 2.36, 1.62, 6.38 % yield \J11lJ~1~'U (.n1'Wvi 2) 

~ 1/ ..1'Ub"1JlJW~~/1lJbb'VI'l'U~~~L€lCJ~ 
" 

tl1'V1'11n 420 g 

bb "1iati'~ (macerate) 

v11CJIli'1vl1~~~1CJ hexane 3 

1. fil1,)filn9l'VIV1U~1fJ hexane marc 

Lb"1iati'~v11CJ EtOAc 

3 X 3L 

2. fil1"dfiln9lVlV1U~1fJ EtOAc 

~ 
Column chromatography 

marc 

bL"1iati'~V)1CJ MeOH 

3 X 3L 

~ 
3. fil1"dfiln9lVlV1U~1fJ MeOH 

d a e.J 1.1 ~ ......, 0 

1l1'W'VI 2 m~L9I,)CJlJa1~an~'VIm'U9I'UL'/jlJ~~~~111Vl1CJI'l1'V11~~mCJ 
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vhn1';l~n~l El\lAU';l~nEl'IJVll\ll,fI:\J1,,iEl\lvi\,'lJ El\l?ll)?1 nVl'VItJTLJ EtOAC ~dtJ15 TLC m~~ lUnT~ 
l~tJ;il~L~:lJn1';ll-rr?ll)6J1Vl)3il'U~\lLtJ'U?ll)1-un~:IJ steroid AEl ii11';l ~-sitosterol ltJ'Uii11) 

I, U~tJ'IJ I, VitJ'lJ~d:IJ~l tJ (.fll'Wvi 3) ii11 ';ldb'u'Uii11';l~\l:\Jt:)VlB~h.f11'\f1ll,l,fj~l1n'\fll'IJ1'Uii11)ii1nVl\lln-W-u1'U~d 
vllfj~flltJvi:\J.ffd~l \Jlnc·.mm';l1~tJ'\fIl'IJ';i11'U?ll';l?lnVl'VItn'IJtil\1~ii ii11) ~-sitosterol dJ'U 

El\lAu';l~nEl'IJ~dtJ 

(a) (b) (c) 

.fll'WV1 3 TLC ii11';lii1nVl'VItn'IJ~dtJ hexane (H) ?ll';l?lnVl'VItJTLJ~dtJ EtOAc (E) I,l,fl~?ll';lii1nVl 

'VItn'U~dtJ MeOH (M) ~'JmLtJn'IJ'U TLC pLate ~ltJ~lvllfl~filmfl~El'Uvi hexane:acetone 

(4: 1) I,U~tJ'lJI,VitJ'lJn'U?l1):lJ1Vl)3i1'U ~ -sitosterol (B) ~\lmd\l?lEl'IJ1VltJ UV 254 nm (a), UV 365 

nm (b) I,l,fj~ anisaldehyde-sulfuric acid spray reagent I,l,fl~1'IXfldl:IJ-rB'U 110°C LU'Ublfil 

10 'U1Vi (c) 

" . 
\I1mr'Uvllm)LLtJn?l1'~~lAru\l ln?l1';l?tnVl'VItJl'IJ EtOAc Vll:IJI,L(;,J'U.fliJ~\l.fll'WV1 4 (;,Jfj

v ~ 

\I1nm';ll,ltJn?tl';l?lnVl'VItn'U EtOAc lVltJe.Jl'U coLumn chromatography U\l~U'U'\fIl'\J?ll)~lAqJ 1 

'lJUVl AB?ll';l CV 1 ii~n~ru~l,u'U(;,J~n~-uld (;,Jfln1';lAVlmB\lVll\ll,fI:\J'\fIl'\J':i11'IX(;,Jfl'Udnfl'IJ 

anisaLdehyde reagent Ll,fl~ 10% H2S04 l~~l1J\l I,l,fj~1111uVl~\I'11~Vl';lIf)'j\l?t~l\lVll\lbflffi(?1tJ1-if 

Nuclear Magnetic Resonance (NMR) bbfl~'\fIl'\J11?tl';ld'-h~nEl'IJ~dtJfll'~'lJEl'U"il1'Ud'U 30 

eJ~VlB:IJ?leJVlfllKB\ln'U?ll';ln~:IJ triterpenoid djmU~tJ'lJLVitJ'lJFil chemicaL shift (0) \I1n 13C

NMR spectrum 'lJeJ\l?tl';l'W'lJ11Vl';l\ln'IJii11';l betulin (.fll'WV1 5) VilfltJ:\J';lltJ\ll'U6J1rleJ'UVll:IJ 

l,eJn?ll';leJl\lB\l (~l';jl.:jvi 1) '\J';l~neJ'Un'IJ~n~ru~'lJeJ'I lH-NMR spectrum ~'1bl?l(?)\l6ln~ru~'VEl'l 
lU';lVlEl'U H-3 ~t'llbb'VIti'l ~53 . 16 bU'U doublet of doublets lU';lVlEl'U H-29a Lbfl~ H-29b vi 

t'llbL'VIU'I 04.66 bLfj~ 04.56 Vll:IJ~l~'UbtJ'U doubLet ufl~lu';lVleJ'U H-30 vit'llbb'Vl'U'I 01.66 bU'U 

singLet 
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~l'H'fn\1lWJ1'U EtOAc (6.8 g) 

Silica gel (180 g, 5 X 30 cm) . 

Hexane: Acetone (2: I ~ 0: I) 

Al (0.04 g) A2 0.78 g) A3 (0.43 g) A4 (0.17 g) AS (1.07 g) 

Sephadex (100 g, 2.3 X 80 em) 

CH,q : MeOH (I : I) 

81 (70 mg) 

Silica gel (10 g. 2 X 10 em) 1 
82 (470 mg)

1 Silica gel (23 g. 2.5 X 12 em) 

Hexane,: EtOAc (4:1) Hellllne: Acelone (5:1) 

(Vl (2.3 mg) (Vl 07.7 mg) 

fl1'W~ 4 bb~\J1JiibL~\1l~n1'HLVn~1'H"1fi'qJ'OJ1n~1)~n\1lV'IV1'U EtOAc vl'JtJ15 column chromatography 



~1~1~~ 1 rh 13C (75 MHz) NMR chemical shift ( in ppm) "lJeJ~~1~1J~~Vl~~~nV11~ 
LVi(J1Jfl1J~l~ betulin (in CDCl3) 

I 

; 

CV2 Betulin (Tijjani et 0/, 2012) 

Position OH Oe OH Oe 
(mult., ) in Hz) (mult., ) in Hz) 

1 38.7 38.9 

2 27.4 27.5 

3a 3.16 (dd, 11.0, 5.0) 79.0 3.18 (dd, 5.3) 79.2 

4 38.9 38.8 

5 55.3 55.4 

6 18.3 18.4 

7 34.2 34.3 

8 40.9 41.0 

9 50.4 50.5 

10 37.2 37.4 

11 20.8 20.9 

12 25.2 25.3 

13 37.3 37.2 

14 42.7 42.8 

15 27.0 27.1 

16 29.2 29.2 

17 47.8 47.9 

18 47.8 47.9 

19 48.8 48.8 

20 150.5 150.6 

21 29.7 29.8 

22 34.0 34.1 . 

23 0.96 (s) 28.0 0.96 (s) 28.1 

24 0.74 (s) 15.4 0.75 (s) 15.4 I 

25 0.80 (s) 16.1 0.80 (s) 16.2 

26 16.0 16.1 

27 1.00 (s) 14.8 0.99 (s) 14.8 

28a 3.78 (d, 10.8) 60.6 3.79 (d, 10.8) 60.6 

28b 3.31 (d, 10.8) 3.33 (d, 10.8) 

29a 4.66 (brs) 109.7 4.70 (d) 109.8 

29b 4.56 (brs) 4.58 (d) 

30 1.66 (s) 19.1 1.67 (s) 19.2 
--- ----  - - -- - - --



30 

29~O
"...',~9 21 

OH 
25 

15/16 

27 

23 24 

.f)1'Wvi 5 lm'lG1-r1'l'VI1'lLflii"tlf.)'l betulin 

.t cO 

n1~~~aauq~5~1\l~1.f)1'W 

~f.)~n~LLtJmL(l~~G1~'U1fl~'lG1-r1'l'VI1'lLflii"tlf.)'lG11~ betulin LL~l1~\11G11~v1G1n~l.wf)11Ki\J 
" 

'VI~~f.)'Ufj'VI~LtJ'U'~mlm"/l(l~lJ~L~'l"tlv'llJ'lfl~~ 3 '/ju~1vllLr1 L"/l(l~lJ~l~'l\Jv~'/jU~L"/l(l~L~f) (NCI

H187) L"/l(l~lJ~l ~'UIJi1'UlJ (MCF7) ll(l~L"/l(l~lJ~L~'l"liv'l\J1f) (KB) 'VI~G1v'UvlltJ15 resazurin 

microplate assay (O'Brien et al, 2000) ii~1~fld'U~lJ(:.J(l'Uln (positive control) fiv 

ellipticine LL(l~ doxorubicin LL(l~ G11~fld'U~lJ(:.J(l(l'U (negative controL) fiv 0.5% DMSO l~tJ 

L-Hfld1lJlilJi'Uv1 50 jJg/ml 'vnnii-rvtJ(l~"tIv'lm~EJ'Ut'lm~L~~~L&i'Ul~ (%inhibition) mnnl1-rvtJ 

(l~ 50 L-HLtJ'U(:.J(l'Uln (:.J(lm~'VI~G1v'UG11~ betulin LLG1~'l~'l911~1\lvi 2 ~'Ul1Wiifj'VI~ltJ'U~mlV 
f' Q ~ Q 

L"/l(l(llJ~L~'l'VI\l 3 "l1'U~ 

9l1~1\lvi 2 (:.J(lm~'VI~~v'Ufj'VI~fl11lJLtJ'U~mlm"/l(l~"tIv'l betulin vlltJ15 resazurin microplate 

assay 

... .. ~ 

'/j'U~"tIf.)'lL"/l(l(llJ~L ~'l 

" 
-rvtJ(l~f11~EJ'UEJ\lm~ 

L~~~l&i'Ul~ 

L"/l(l~lJ~L~\l\Jv~'I1U~L"/l(l~l~n (NCI-H 187) 10.24 

L"/l(l~lJ~L~\llIJi1'UlJ (MCF7) -2.94 

L"/l(l~lJ~L~'l"litl'l'lhn (KB) -2.39 
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. 


m)Pitl~1()VlBfJ'U8\lba'U1"/1lJ1Vl1VIla1"/1blJ€Jb)~ 1ib"/1~~~~t'l Saccharomyces cerevisae 

~1fJ~'U~ RS 190 (ATCC208354, MAT a , top1) ;\l1~f'Um)ri1fJ1a'UVl'u'"ww'U~m)lJba'U1"/1~ 
topoisomerase I "1tl-W'l! Arabidopsis thaliana 1vwii expression vector mm'Um) 

bb~V1\laatlAa pYES-DEST52 ;\lth~tla'U~lfJ selectable marker Aa URA3 LL(l~ strong 

inducible promoter Aa pGALl ~~tlim<i'1lvl~lmJ1(Jl1(lmLL(;lfl1(Jl~vh1~~~t'l(Jla'U~'Ua\lvia 
camptothecin Vl~mn)~ii()VlBeJ'U8\lLa'Ul"/1~ topoisomerase I 'l!i'JV1 poison (Sirikantaramas 

et ai, 2008) 

m)'VlV1~v'U1imVl1)L~fJ\lb;ffa synthetic complete media lacking uracil (S.C.Ura-) 

~1'Ul'U 2 ~(Jl)Aa ~(Jl)mVl1)L~fJ\lb:ff€Jbb~\li1Vlf'U eJ'U8\ltl1)bL~V1\lvvtl"llv\lLv'U1"/1~ (iitl(;l1fl~LtJ'U 
OJ OJ OJ 

v\lr1'\.h~tla'U) LL(;l~~(Jl)mVl1)b~fJ\lb:ff€Jbb~\li1Vlf'U m~~'Um)bL~V1\lva tl"llv\lLa'U1"/1~ (ii tl1LL(;lfl1(Jl~
OJ , 

LtJ'Ua\lr1th~tlv'U) ii~1)mUl1lJt:.J(lUltl (positive control) Aa camptothecin Lb(;l~ ~1)m'UfllJ 
. 4 df'.cJ% ~.Ka "v~ 

t:.J(;l(;l'U (negative control) flv 1% DMSO fJ~(Jl'VlLflfJ\l'U'UmVl1)LflmL'l!a~1Vl)'UfJUfJ\ltl1) 

LL~V1\lv a tl"llv\lLa'U 1"/1~" ~hi(Jl v'U~'Uv\lvia cam ptothecin LLvi~ ~t'l~L~fJ\l'U'U €J1Vl1) L~fJ\l L:ffai1Vlfu 

m~vl'U m'JLL~V1\lvvtl"llv\lbv'Ul"/1~"~(Jlvu~'Ua\lvia(;)l fJ1~\ltl~11 «(Jl1~1'1vi 3) t:.J(;l tl1)VlV1~a'UVI'Ul1, 
~1) betulin hiii()VlBeJ'U8\lba'Ul"/1:w1Vl1V1l€J1"/1blJ€Jb)~ I ~m1lJLilJi'U 400, 200, 100 LL(;l~ 50 !-1M 

d 
(Vl1~1'1'V1 4) 
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19l1''j1,:j~ 3 (:.J{;1m'WIVl6H),\Jf\Vl~5U8'lbel'U1'1l:W'1Vll'V'llel l'1lb:wm ':l{;'i 'UB'l 1% DMSO bb{;1 ~ 
camptothecin ~'l1idJ'U vehicle control bb{;1~ positive control V11lJ~1~U 

. ... . ... . 
1J(1~~b~U-l~'JUvlV11'jVie.J~lJ 1J(1~ViL~U-l~'JuvlV11'jVie.J(1lJ 

n(lLl'l(1 LL(lf'lLVl(1
" 

1% DMSO 

camptothecin 

25 iJM 

c..amptothecin 

12.5 iJM 

camptothecin 

6.25 iJM 
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m~l\1vi 4 t:.mnI'Wl~i:\tluqV1Bcru5'm)'u1"1llJ1V11'W1Bl"1lblJm~?l I 'IJ'El'l betulin 

. v . . v , 

~~~~b~~ ,:j ~1~Bl'\1111~~~~ ~~~~b~~~~1~Bl~11~~~~ 

nG11f)~
" 

UG1Fll(;1~ 

betulin 

400 ~M 

betulin 

200 ~M 

betulin 

100~M 

betulin 

50 ~M 

"Illn(;J&1n1~V1~?l'ElU'WU11?l1~ betulin vi?ln~bb~nlvn~iiqV1Bl'hub"ll&1~lJ~b~'1l'im"ll6'l~~'1 3 

'IJ'IJ~vttiV1~?l'ElU bb&1~1~iiqV1BcJu5'1b'Eltl1"1llJ1V11 'W1'Ell"1lblJm~?l I 

GI~t1bb(;l::1~1~ru~(;l• 
?ll~?ln~~ltll'ltl'IJ'El'lb~JJ'W~~~llJ~"W EtOAc iiqV1Bcru5'1 b'Eltl1"1llJ1V11'W1tl"ll8bJJ8b~?l 1 1~~ 

~ , (i '11 tI I 

~.:J'Vhm~bW n?l1~U~~V16ViiiqV16crucr.:Jb'Eltl1"/llJ1V11'W1'El"ll8bJJ8b~i:\ 1 -;;)In?ll~?ln~~ltltj ;.:J?lllJl~(1 

bb~n1~?l1~U~?lV1B (Vi ii~mmJ~biJtlt:-J~n~'lJll Ldml1hJ-W?l-;;)tJ?lV1~lf1'l.:J?l~1'lV11'lLf1i11~~1i 
• \J " 

Nuclear Magnetic Resonance (NMR) 'WU11i:\1~dtJ~~n'Elu~";wm~U'Eltl~ltlltl 30 tl~V1tllJ -;;)In 

oUtllJ&1 spectrum I'il'l1 J'Ui:\'El~f1~tl'lnU?ll'ln~lJ triterpenoid '1lU~ lupane ~'lJtl~\I?l~tJl~11 
?l1~U~~V1B~'1n~11vibWn1~"Illn?l1~i:\n~'V!~lu EtOAc biJ'U?ll'l betulin ~'lbiJ'Um~~ltl'lltlt1'ln1~ 
'WU?ll~ betulin "Illm~JJ'W~~~lJJLb6'l~-w'1l1'Ui:\n&1 Chossolio biJtlf1f.:Jbb~n• 

t1'lbL1111?ll'l betulin vi?ln~bbfJn1vTh.iiiqV1iI'l1'UL"Il6'l~lJ~b~'lI'i8b"ll6'lc;l-vr'l 3 '1lu~vi1iV1~?ltlU 
LbG'l~hiii'1V1icru5'lL'El'U1"1llJ1V11'W1tll"1lblJ8b~?l I bLI'i-;;)lml~'lltlviLf1t1iilJln'tl'U'WU11?ll'ltl'4Wtl5Ul\l 
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'11UVI'llf)\I betulin nqVl~5'U&\lb8'Ul"1llJLVlLYllf)L"IlblJtIL'H' I botl'U betulinic acid (Chowdhury et al., 

2002) ~'1nfl11lJdJ'UhJl~11"'1)a~-w'Utf'lJa\l betulin '11UVI~'U1'U"'1)"'t1V1'V1tn'U L~lJYI)~)1lJ f)1~LU'U 

"'1)~nqVl~5'U&\lLf)'Ul"1lllLVlLYllaL"IlLll tIL)'" I LLvint.l~1l1ruf)~uaCJ~\I'W"'1lJ1)()"'t1V1uCJrll~'U\l1'U1~CJ 
if ~\lfl1)~~~b~1lt.l~1l1ru1\?l()&l'U"'1l'U1YI)L111l1 rl;ff'Uml~Pim~nL~llL~1l1\J L"Il"~lJ~L~\l1l1rl'lJUVI;ff'U 
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~ X 4 l,.Jq..!., d. d' 

LL(;l::n1~L'rI1::L(;lfJ~L'UmfJB~1J'U 'rI~'Vl1Jf)'Vl5\Pl1'U1J::L~~" bb '\-1(;l~'Vl'U : \I\41(;l~mru, VI 	 , , 

1Jm1'VlfJ1afJ 'rI.~. 2558-25591~vl1n1~1~fJ(;l~1~LL~1tJ)::1J1ru~BfJ(;l:: 50 . . 
7.4.2 11"l~~n1)' l~ru1n1~~1'U1~m:1'U1'U1"l11&itJ'j::L.fl'Vl'Vl'Uci~L~~1J'lrn1~fJ mN'Vl'U 

~ 	 ~ , 	 , 
r"ll~1i1L'\~m'l1J1.fl"ll L~B~ "\I~'U'Vl~flLL(;l::"'~\PlJlru';;\I1n\l~'U'Vl~flL~m.h::mw11-tl 
'Vl1~~1'UL.fl~"lIm)l.J B1V11) LI"l~B~~1B1~ bm~Wl~m~l.J bb(;l::~~bb1~~Bl.J" 1~mtJ'U 
l1';lVI,j'111"l~,:jn1)1~mjBfJ <I,~B~ " n1~~~mB~1~fJ1-tl~~'U'Vl~flL~B~'U'rItJ~1~~i1'1'Vl~ 
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d 

• 
... 
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3. 	 vi1bbViti~tJ,]''ilu'U dmPl1 C'lVld1~ldCJ 
~ 

• 

L~'Ub~tl'U 74,980 U1'Vl 
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" 
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I 0<::11. ..::::.I ii!IJl ..... _ v" ".Q, cu 
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L'Vld~'Wl1 : 02-218-8382 086-7621692, L'VldC'lld : 02-218-8381 
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.... " 
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fl.lJ. ~a~lbl'VlCJl ~wl~~mrulJ'Vnl'Vltll~tI 2526 
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6. 	 ?l1'lnl"llln1TI1iifl11lJil'U1ru~bPl~ (LbVlntJ11~~lmvilnl'~~n~1) d:::U?l1"lJ11"1l1n1d .... . . 

l'fl~'U 	 ?lld~ii~'Vlt'Vll~;1fll'WC'I~'Ul'Wd~ii~'Vlt~1'U~~'U'Vl~V 
7. 	 tJd:::C'lUn1dru.yjb~tI1itl~numdU~Vild~l'Ul..ijmr~flltil'Ubb~:::fllt1'UvntJd:::b 'VlPl (LVltl):::'4 

C'lm'Ufll'Wl'Um)vl'lmdl..ijCJ';hdJ'U~eil'U1t1mdLbt-J'U~1'Ul..ijtl ~1Viul1fld~mdl..ijtl Vi~tl~ 
" 	 " 

~1lJl~til'UbbtJ1a:::im?l'Utlmdl..ijtl) 

7.1 	 ~eil'U1t1mdbbt-J'U~1'Ul..ijtl : ~tlLfld~n1dl..ijtl hJii 
" 

7.2 	 ~1Viul1fld~mdl~tI : ~tllfld~mdl~tI 
1. 	 md~n~lmdl-tlbb~:::Ud:::~'Vl5fll'WJlt11~lb~tlvtl-tlnULfl~v~ihm'W'Vltl1'U 

"m'U'WtI1Ul~lVltlfl11lJ~1lJijtlnu m:::'Vld1~?l151dru'1"lJU 2540 

2. 	 n1d~n~1~'Vlt'Vll~;1fll~"lJt)~bbUflVib~mt)'ULVllWl1.yjLbtln~ln"~'U1~d1'Vltl 

'Vl'Ul~tI'Vll~bfltr"llPllC'1tJ11 tJ 2546• 
~~1lJLfld~mdl~tI : ~t)tfld~mdl~tI 

1. md~Vlmtl~~"Il?l~'U1'Wd1'Vltl.yjii~'VltE1'Ut~bt)'Ul"i1l1 topoisomerase I LVlCJ 

md1iv"iim~fuv'Urilt11tl'U, ntl~'Vl'U",ru"'l'Umdl..ijtlLfld~md'Vl'Ul~CJlJVil'uru-ntJI "m..., 	 . 
?lm,:r'UnT'j~m~l (MAG Window II) tJ 2551 

2. md~Vlmm~"Il?l~'U1'W)1'Vltl.yjiifl'VltE1'Ut~Ltl'Ul"i1l1topoisomerase I II 

LVlCJn1 'S1iL"ila~v"iibU'ULnru'ii , m)~'Vl'U?I,ru,,'U'U n1'Sl~tlLfl'S.:Im'S'Vl'Ul~tllJVilUru-ntJI 

"m.-C'lmu'Umd~n~l (MAG Window II) tJ 2553 

7.3 	 .:Il'Ul~tI.yjvl'1L"~~Lb"1 : (~tlt-Ja.:ll'Ul~tI tJ.yj~lJyj m'SLt-JtlLb'W~ Lba:::LbVia'.:Iy!'U 

Vv'UVi"'.:I'WLnu 5 tl) 
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i
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L1!;l1vi'liVI11,JtJ 4 i11lJ~ : ~tJVl1V; 
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Ph.D. Pharmacognosy U. of ILlinois at Chicago, U.s.A. 2536 

6. 	 "'1"IJ11'lJ1f\1'l~ijf)11lJ"Ii'1'U1ruViLI"1~ (LLl1IfI~1'1~1m~f\1'l~f1~1) 'l~'U"'1"IJ11'lJ1f\1'l" , , 

f\1)" tlVl LL!;l ~ LLtJfI"1':i~1flqj~1f1~ ~11Irl'ru';li'l)lJ'lJ1~ 
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