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L~'elLLUf'1ViL1Uri'elt~rtti'el~I~U(;1~IUPi~~<JJfll'V'1<JJ'el~~~mr ~~~U4l~'V'IUIUI~~I~I~U~;'Ju~1~lJ1 
J" "" ....... !:.<;' ""..... _...I !"I ... .J 

L'V'I~(;11Um~L~~'lJ<JJ~~LLUrtVlL~UL~~IUULVlUL'il'V'lI~'"llnCJ~(;1flru"Yl(;1,)~fi~~~"l!1(;1 L'V'I'ilLuUn,)~VI~nL~mn1~ 

1.-ifU1U~~'JU~~'JLt1~LiluL'J~IUIU~u~ILtI~m~~'t)U1LL~,) ~~LilUn1~~Vl~IUr.iIU1Un1~~U1t1~ihu~~n 
" .cIt...., ~ ~ ";! ~ J' .... 0 c:r ~ J'A

(;1'JU tVlmIU'J~U"l!UU~ul~I"JnM1UICJ~".lI'eWll1JtN"l!UVl Tetragonula laeviceps t(;1UVlIn1nnuuICJ~~ln 

~~~~n~,)'J~')nyhf~~~11J~~wrl?l~1JVlU1h1'11'J~L~'il1JL~1=J'IU1J 2553 ,j1~1~~ 90 nf~ ~1~n(;1'ilth~~UIU• .. " 
" 00 QJ''''''~Q ... I cv I

Vl'JU 96% EtOH LL~~1J,) 1J1~IVlI?l~'t)U<JJU(;11JI?l'JU'Jfi paper diSC diffusion method 'V'IU'J1 ~1~~nl?l't)UI~ 

VlU1U'1I'el~ EtOH iJ~I~I~(l~I'Wn"In~1''1J'1I'il~'1~UVl1U1~ ~'JU~I~~nVl~ln~11lJ~I~I~(lI~h1Jmn~1''lJ 
'1I't)~~~1JVl1U1~ ~lmrU,jI~I~~til?l't)th~VlmU'1I'il~ EtOH ~lfjLrtn~iLLun't)~I"ft1~~n't)UVlI~LrtiJL~'t)~1• 
~1~'il't)n~Vlf11J~I~~ ~~'"llnn1~LLUnn~~'1I'il~~I~L~'t)~~1Jm~~fl,)'V'Ii'J LI?lU~I~I~~n(;1'ilth~~mu<JJ't)~ 

. " 
EtOH ~lvhm~LLunt(;1ulftjfi(;11~~in Bioassay-guided isolation ~~vhnl~~~~IU'il~11Ji1J 40% 

MeOH L(;1rt~'ilt~iJLVl1J LL~~hexane t(;1um~vh partition ~'Jun~'JmLun UI~I~~LLunl~t1VlI?l~'ilU 

f'I'J,)~~I~I~{l1un,)~~,)1Jnln'"l1''lJ<JJ't)~'~1JVl1tTuh~1 H1LLri Micrococcus luteus, Pseudomonas 

aeruginosa, Escherichia coli, Staphylococcus aureus LL~~ methicillin resistant S. aureus (MRSA 

20645 LL~~ MRSA 20652) ~'Jufjfi Microbroth dilution assay Vi~I~rulCJ~~ln,"h Minimal Inhibitory 

" 
Concentration (MIC) LL~::;,"h Minimal Bactericidal Concentration (MBC) Y4U~I~I~~n(;111Ji1J1Vlrt~'il 

t~iJLVluiJ~Vlf11Jm~~h1Jm~L'"l1''lJ''.lI'il~'~1JVl1tTvT~ 6 "l!Ul?ll~~~~(;1 t(;1UiJ~1 MIC LL~::; MBC Lvhnu 10 

LL~::; 20 mg/mILL~~~I~~til?lluiu hexane iJ~Vlfl1Jm~~h1Jmn~1ClJ<JJ't)~ M. luteus, P. aeruginosa 

" LL~~ E. coli l~'t)t.h~~ ~~L~'eln~I~~til?lvi"l 2 "llUI?l~I~n1=J'I't)~I"ft1~::;n'ilUVlI~LrtiJ~'t)~'JmVlrtUrJVlI~Lm~1 

L(;1nnYJ tl?lm~'eln1.-if quick column chromatography LLun't)'t)mil1Jn~~tJ't)uuh~1 LL~'J~~~,)~IVl(;1~'elU 

ml~~I~I~{ll1Jn1~JfI1Jnl~L~1''lJ<JJ't)''I'1~1JVl1ullnrt~~~'Jufjfi microbroth dilution assay L'II1JLt1~ 'V'IU~1 

hjiJ~I~~tiI?l1un~l-ll(;1L~U~~1~1nlJf11Jmn~1''lJ<JJ't)~'1~1JVl1U1~ ~~'t)1'"l~~t11~~I~Vlt\1Jm~JfIUn1~ 
L"I1'1J'1I't)~'1~1JVl1tT~L~'t)n~n~Jf't)~mfliu'il~Rt1~::;n't)UVl1"1LrtiJ~~lu1 ~'J't)~i'J~tiU~lvil~11Ji'J~nu 

fi1.aIFt'Y: Tetragonula laeviceps, '1~1JVl1tT, ~1~~iutN, microbroth dilution assay, MIC 
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Abstract 

Pathogenic bacteria are harmful to human health. Many researchers have tried to find a 

new antibiotic agent against the pathogenic microorganisms. A new agent should be from 

natural products in order to avoid drug resistance. To cut down the expense on antibiotic drugs 

is other advantage for using natural products. In this work, honey from stingless bee (Trigona 

laeviceps) was the interesting source. It was collected from an apiary in Chanthaburi province in 

April, 2010. 90 grams of the honey was extracted with 96% ethanol and water. Then, the activity 

was assayed by Paper disc diffusion method. The ethanol crude extract of honey showed the 

strong antimicrobial activity while the water crude extract performed none. In the second step, 

the ethanol crude extract was partitioned through their polarities by Bioassay-guided isolation 

method. The solvents used in this step were 40% methanol, dichloromethane and hexane. All 

parts were tested for their antimicrobial activities against Micrococcus luteus, Pseudomonas 

aeruginosa. Escherichia coli, Staphylococcus aureus, and methicillin resistant S. aureus (MRSA 

20645 and MRSA 20652) by Microbroth dilution assay. As the result of Minimal Inhibitory 

Concentration (MIC) and Minimal Bacterial Concentration (MBC) values, the dichloromethane 

part presented the highest antimicrobial activity against those mentioned isolates with the MIC 

and MBC at 10 and 20 mg/ml. Also, the hexane part could inhibit the growth of M. luteus, P. 

aeruginosa, and E. coli well. Therefore, the both parts were purified in the next step by quick 

column chromatography technique. From the technique, many fractions were collected. All of 

the fractions were determined in antimicrobial activities with Microbroth dilution assay again. 

The result indicaded that none of the fractions showed the active antimicrobial activity. In 

summary, the antimicrobial activity in this honey may be due to the combinations of 

antimicrobial agents with synergistic effects. 

Keywords: Tetrigonula lea vic eps , microorganism, stingless bee honey, microbroth dilution 

assay, MIC 
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IOl~h.\'ViMt1'tl Lij'U~'U!1l:i'1U vJ'tlm (;UJU~ ;-3ii ~fll111~lJU~U'JUIOl'U'tl11Ol'tl1 n1~Vl'lrn~"i'UL~ufi!1l 

Robert Koch ~n1=t1~1LVI!1l"ll'tl"L~f'lLL'fl'Uu.'VImi~Ln!1lnutj''Jf'l'J1mLfl::;~!1lvJ'tllJ1~'1f'l'U IOl'lJ~1l-J1~c\• 
g..oQ( A J' 4 ..... ~ '111 .... .?I .d t.I c. n~ a 

LLU nLLUrl'VI L~UU~~'VIfi'fl'flm1nLfl'tl !1l'J'J'VI WIt! b!1l LLfl::;U'I Lu'Url'ULLm'VI~'JU:i''JlJ'lJ'tl~fl LLfl::;'W~IOl'U VI L VlU'J1 

'~'lJ'VI~ULtI'lJ~1 LVI~~l111~Ln!1lL:i'rllU~!1ltf [1] ~1V1i'1J~fim:i'i'm~n,r'lJnlOl::;lif~1:i'tlD~ih\J::;l\Jm~i'n1=t1L:i'rl~ 
II '" II " 

Ln!1llOl1nm:i'~!1lL~'tlLVI~1'll''lJ :n'l~1~tlD:n'J'U::;,r'Uiim:i'fi''lJ'WU~'1LLvJtJ rl.PI. 1929 L!1lt! Alexander Fleming 

'1"% I ""'''''' .JJ' '1" J' X'l ",J"", 1.1. 1 ...
bVl'Ci\!Ln!1l'J1LLUf'l'VIL:i'U Staphylococcus aureus 'VI LflU-3 mJU'fl1V11~LflU'IL"ll'tl 'lJIOl1ULLn'J'VIlJ:i'1 ::;u'U(1l'JU 

" " .,
vJ'fll-J1~'I"fl1J~1 L~'tl:i'1'll''U~'fl Penicillium sp., Flemimg ~'IL1t!n~1:i'tlD:n'J'lJ::;il~1L'W'U11;fl~'U [1] 

'lJ'tl nlOl1 nnn1:i'n'lJ~1 :i'Un:n'J'U::;~hi~1 LtI'lJLLfl ::;n1 :i'n'U~'hJ ~ n ~'fl'l~'1 Ln!1l t.lfl L~t!'t~LLfl::;~-3l111~ 
LLUf'l~L~tI~'fl~1:i'UD:n'J'lJ::;~1U;'U~'JU [2] ~'J'tlth'l~"flUL~'U't~~'ml'UU:i'::;L'VI PlL'VIU L"ll'U t.lfl m:i'~1:i''JIOln1:i' 
J' ~ q.d..::.!::-' J'.do!.l~ A': 
Vl'fltl1 b'lJL:i"I'WtI1U1fllJVl1:i'1"ll 'lJrl:i':i'1"ll~l-J1 Ll-J'tl1J "fl.PI. 2548 'UU 'W1JL"ll'fl'VI'VI11vlLn!1l'tl1m:i'!1l!1lL"ll'flLtI'U 

... .: ...""', fl ' ......... .: ..I': 
VI'lJ'tl'lVlfl1U"ll'U!1l!1l'tltl1 L(?)UL~"fl1::;t!1UiJ"ll'J'W::l'Un~l-J -Iactam L"llU u11un~l-JL"fl'U'U"llfl'U L(?)UL"ll'fl'VI(?)'fltl1 


L~U.ri L~'tl methicilin resistant Staphylococcus aureus (MRSA) ~-3 LtI'lJ~'ULVI ~1~Ln (?) L:i'f'l'tJVI'lJ'tl'l~ 

Q..,4 A.c:!.IA A .... .4" " 
~,)VI'U'I VI:i''tlLLt.lfl(;l(?)L"ll'tlU~L,)rut.l')VI'U'I [3] b"ll'tl Ceftazidime - resistant Enterobacter cloacae 

..IX, "'" ..s , 'I'" "" "" X 'I ell(CREnC) 'VI(?)'tl(;l'tlU1~(?) Ceftazidime IOl'ln'tl bVlLn(?)m:i'(;l(?)L"ll'tl b'Un:i'::;LL~Lfl'tl(?) [4] 

MRSA ~'tl LL1JrlVlL~U S. aureus ~~'tlvJ'tltl1tln~'J'U::; methicillin, S. aureus LiJ'ULLUrlVlL~tI"lll1(1l 
VI~'1~"fl1J!1l1l-J C4'J VI'll''1 LLfl ::;L~'fl1J"ll'tl-3i'l'l n'W L-n'lJ 1'lJ:i'IOll-J n L(?)u~hin'tll~Ln (?) L~f'l LLvJIOl1 n n fllnil'fl'l n'lJ 

• " 'U 

4 A '" ..... .d J .c:I .dq, Go' J' II I 0 " A 

In'lJL'tl'lVl:i''tll1lJ f'llJ n'lJ"ll 'tl'l f'l'lJb:i'1'V1 (;l1 fl'l LLfl::;m ~l-J1.11 (1l Lb&Jfl'VI &J'J VI'U'I L "ll'fllOl::;L"ll1~n'ln1ULLfl ::;'VI11VI Ln (?l L:i'f'l 
'" • 'U 

" 
IOl1 nif'tllJfl"1l'tl\! n:i'lJ~'VIU1 PI'l ~ (;lfm :i'LL"fl'VIU m::;'V1 :i"N ~ 1 fi1~ru~"ll l~:i',)1.1~'JlJ L~'fl !1l1l-J bL1J1J LLt.I'U 

!1l'lLL{;1u 2543 - 2548 "flUL"ll'tl MRSA lJf'l'J1l-J"llm''tlUfl::; 30 b'UU 2543 LLfl::;L"fll-J'1l'lJ~::;WJ1'1~'flUfl::; 30 - 35 

'U • 

f'l,)1l-JL,)"1I'tl\! L~'tl LbU rlVl L1U IOl1 n L~'I'WU11.11 fl ~'Uu LLfl ::;LNYlU11.11fl.,r')ltlvf'Jtl~::; L'VI PI n~1 30 bL~'1 
~ '~I X "'" " '1:;11 "':.1',~ 

• 


IV ~ ~" ..s """'" IV ..I ..I "IV " tl""""'.J 00 " 

Vlfl-391 n'lJ'lJL u'U(;l'lJl-J11Ol'll-J') IOl UIOl T\J ,)'UlJ1 n'VI Lnm"1l'tl'l n 1.1 m:i'rl 'lJVI1 ~1:i' !l"ll ,)'lJ::; L Yl 'tl'U'll-J 1 !1l1'lJ 

111'fl"ll::;fl'tln'l:i'LIOl1'1!"1l'tl'lLLUf'l~L1U un~'J'tlth'lL-n'U gq1:i'gqn(?)IOl'lnnn"ll'fl'l Croton zambesicus [2] gq1:i'gqn(?) 

IOl1n"flffi'W'fl~~"1I'tl'l~'1 [7] ~1:i'~n(?)IOl1nYl"ll~2-J'lJL"fl:i''l'lJtl~::;L'VIPlLiJn;Ln [8] LtI'U~'U LL(;)l'lJLf'l~'1m:i'~r.run• 
~'lJl1Olg'VI~~'1n~1'JIOl1n~1~'1 

" " .1' ., ., 
'lJ'tl n91 n'll''U~'IYl1.1~1iimJ'1ifoW1 t.I'Il'Um:i'il'tl'l n'lJm:i'~!1l L~'tl ~'1 LL(;)gql1u n1n LLfl::;~Utl~1J:i'1 ru 

:i"Jl-J~'1iim:i''lif1'U'VI1'1 n'l~LL'W'VIULLt.lULU:i'1 r;lJ2-J1 LtI'lJ:i'::;U::;b'Jfl1'U1'ULL~'J ~'1 f'l ru~2-JUii ~'1 n~1'J,ruLtI'U~ 
'VI:i'11Jn'lJ2-J1'U1'lJn~1 1 00 ilLL~'J [9] 

http:W'VIULLt.lU
http:A.c:!.IA
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~,)~~'W'elnlOi')nlOi:;iJ~,)ffi,)\.l1~ ';j(;l1il'IJLL~:;Ldn11?J(;h~1 LL~'lU~iJrJru~tJm;LiI'W~1nJn~'l'W:; 
(antibiotic property) H1'IJm~fm~nU,)I1lLLCJ~ L~flYl1~L~hJ'el1\.l1~ LL~~"-n'Wm~fm~n~l1mffim~tJ"lI'el~(;11 

" ., J' 
l~~'ltl [1 0] LL~:;CJ~m~';j4'tI~1'IJ'l'WtJ1nntl~1'IJ~1 iJ'1~'WYl1~'elth~,j'eltl 80 -nUI1l ~nuuu~1~l1ltl,j1CJ~ 

[11,12] 

nI .....".?I _I .... cl " ... ... cI.. :: J' • I ... cI 
bi'l'IJrJru~tJtJ(;I 'lJmnu'W~1~u{)-n'l'IJ:;(;I,)'lJmnlOi~'1l"ll'tl~'1~'lJYlm"ll'fl~'W,)CJ~u~:;mnLmfl'tl tJ 

a ..J .dI oC:II .... ::., '" ~ q t.J '" ~ 
fl'l1tJ L'J'lJml1l~~ lh':;m~Yl~'el~ fl'fl tJfI'l')tJ~,)2-J1~"''''lJn')~~ I1l"llU'W1 ~11l~~\.lffil-J fl'l')tJ L"lItJ"lI'W~~'W'WL'fl'l LL~:; 

u~m~~l1lvhtJ~'fl iJ'fl~r1u~:;n'tlu"lI'fl~le1L(;lnlOi'WLu'flf'tl'flnl-n111 (hydrogen peroxide) ~'1iJ~Yl'€"'lJm~~h'IJ 
~ .c. ~ .. .odI .. I ~ 1't,J '" '" IV ~.J .... IV t ::.J' IV «i',q I 

n1nlOi~'1l"ll'tl~'1~'WYl~tJ 'IJ'fln L \.l'IJ'tl1Oi1 n u~:; ~tI"ll'IJ"lI1~(;I'lJLL~'l tJ~ Lu'WYltl'fl2-J~tJ n'IJ'l1'IJ ') CJ~"ll'W ~N2-JFJrufl,)Yl,)'1 

" " 'l!l'll'W')n1~~'1n~1,j,)~'1Un~~'ltJ [13] 

.t" .1 ~!:, cI ... '''' ~ ... J''': .!'I ,J"", "''' ... <V ....ICJ'I 'Wu~:;LYlfil LYltl'W'WtJ2-J,) ntJ1t1\.l~1tJ'll'W11l LLtn'll'W LN\.lffi CJ'IIOi'l Lu'WYl~1Oi nn'W 'W'N LLfltJ CJ~ (;111 ru"VIYl 
" 

1~"'l1nm~L~m-n'WLN l~LLri ~1~'1-n'WLN -n'W~'1 LL~~Ln~~ ~1~~-n'WL~~~12-J1~"'~1ww1tJl~'IJ~1fl1~'fl'IJ;r')~ 

~'1n~1~"'~~~'llu ~')~~-n'WLN~n4'I1lLtI'Wm~~'W1'Vi~ L'Vi~')dJrJru~2-JtJ'1i"'lJn1~lJ~nYl')'tl,)n1:i'l.h'l1 LL~:; 
fm~t1hfltJ1~L~fl"'lJ2-J~M'tJ1~ iJ~1'W';j4'tJ"'W'tlL2-J1m"~LL~:;'tl LtJ1'm n~1'1 ~:;lJ~1~1 ~'1-n'IJt~'1'lhtlfm1')t~fl 

... 1'" ~ J' - ., '" ~ J' .., ~ .ctn~::: LV'l1:; LL~ :;~:;tJtJYl1'1 Ll'l'IJ\.l1tJ"fOl C'l 'W1 CJ '1'll'Wh'l 1.1~::: n 'tltJ L1.1 C'l'l tI'lJ1 CJ~ LL~ ~'ll 'WCJ ~ 'll~\.l1 n';j Lfl n:;\f 

1"1 ru~2-J~"lI'tl'l-n'IJ~'11Oi :;'VitJ~1iJ fI rn~tJm;Yl,)~u1 L -rlwl'W mh'l ~'tl~12-J1 ~'" ~h'Wn ') ~L"'l1ru L~tJL(;I"lI'tl'l L~'tl.. '" 
II 1111 .. . 

LLtJ flVl C~U ~1 LLI:1 ~1'l f~1~ ~~,r'IJ n1~tJ1'Ln fl,J1 ~'1-n'Wh~~'1 L~ lj'tl'IJ1~ftJ1.1~:::LU-ntJ\.l~1U'tlU1'1'Vi ~mJfl'IJ 
.1 <;' .. :: J' ",.t" ~"" <v.:,.

LVin:;~'l2-Ju~:; LU'll'IJ"lI'fl'l'IJ1 CJ~ LLI:1:;-n'WCJ~L"lI1 b'lC'l'lUn'W'W'WL'fl'l [14] 
~.... ":4 ~ ~ J'.... ~ a 0 X ., a 1t q

~1'IJ'lIOiU'WIOi~~'lJ1.lOil"\n'jj'1'W1 e.J'I"'l1 n'll'IJh'l T. /aeviceps L'IJ'tl~9')mil'WLLtJ~'11Oi1'Vi'lnCJ~ L2-J2-J L\.l~ n 'W 

" 0­

vh1.mlJ LU'IJ-a'IJtn~1t1 (;]'fl m nntJ ~'l'tlU1~ ~'ltJyj'l LU'lJLL2-J 1:1~~'lJLlj'el~"lI'tl'lU~:::LYl filLYll:! tn~'flC'l9'IJU'l1lJ ~'fltJ iJ ~ 
'.:3 ".1 ::.t<v~ ",11<v<;, .::.t,J"'1". ov, " 
I"InM'1'tl'l flu~:::n'fltJ"lI!l~'lJ1 CJ~'ll'IJ LN'll'WC'l'IJ'lJn LC'lU'IJ,)'W,) e.J'IYl Lnu (;l2-J,)Yl1 n1 ~~ n l1l'fltJ,)~\.lU1tJ (;l'ltJ EtOH 

" LL~:::,j') LL~'l1ai m~n!l'l r1u~:;n'tltJYl,)'1 LfliJ"lI'el'l~,) ~~ IiI1l ~~mh'l (;l')2-J\.l inn1~ bioassay-guided isolation 

LL~'l,J')1UYlI1l~'eltJ~Yl'€1.'lJn1~~')'Wm~L91''1J"lI'fl~'1~'lJYl1tJ 

http:L~flYl1~L~hJ'el1\.l1
http:W'elnlOi')nlOi:;iJ~,)ffi,)\.l1
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a .... • 
n1'i\'mJ(;l'J'eltl1~ 

« :. J' ., <j' ••1 .. J' J 0 ".J. .... .... 
Ln'U'lJ1e.J.:J"D'lJLN Tetragonula laeviceps "'l'1011'1~lJe.J.:J'Vl m'U~(NLL'olJ 'tl1Ul'tllJ:::'1l1lJ "'l.:J'WJl'l 

4''IJ'Vl'U11'IJ'lI'l.:JL~'a'IJLlJM'1tJ'IJ fUll. 2553• 

u ~ r 
n1'i~n(;lVltl1'Ul'l'J!I 96% EtOH LI.~~'U1 

,J1~1~.:JlJ1 90 g LL~'.lVl1m~flnl'lLl'luH' 96% EtOH mlJ')(;l~ 400 ml Vl1n1~flnl'l~'anJl~l1n 15 

'1 ~ <j' 0 .... .,I., l< .~ l< .,I • "" 

, .. 
"" 

°C Lu'IJL'.l~1 18 "D'J LlJ'I 'lJ1fl1~~O!1l'Vl Ll'llJ 1 u'IJ[;J o (;]:::O'tl'IJl'l'JtJ centrifuge 'Vl 7,000 ~'aU(;]'a'IJ1V1 'tlW'IWlJ 4 
• OJ 

.cI a .J.c!I~ .... :'"0 

°C LiI'lJL'l~1 15 'W1'Vl LLUnLo'U~'l'WlflLL~:::'lJ1~'J'IJ(;]:;O'fl'IJVlL'"~'tl'Vl.:J,"lJl'ltJ1~n(1)"D1l'l'lU 96% EtOH 

• ~.~ <i -J ,.,1., l<.,j • .... -J ,.,1 ..., ~ .... 
u~lJ1(;]~ 100 ml u'IJ[;JO [;J:;O'fl'WLL~:;LLtJnLOU~'l'IJ L~'Vl L(1)L'Vi'tl'IJ1lJ1~'llJm.h"l'J'W L~'VlLLtJmoU L'.l L'Wm~~Ol'l 
~ ~ 

Rf.:JLLm mlJ'1[;J~~'llJ"'l:;LiI'IJ 500 ml "'l1mr'IJ~'1LLti.:JlJ1 200 ml LL~:::L~lJ~'a~L~(;]U~LvI'afR'l1lJL4flJ4f'IJ 20 

d ., do....":: 0 .... ., I i.I ,J 
mM VI pH 7.0 LU 200 ml L'Vi'fl"'l:;'Vl1LiI'W~'1~~O(1)l'l'JU'IJ'1 'IJ'1fl1~flO(1) LUU'W(;]0 (;]::;O'a'IJl'l'lU centrifuge 'Vl 

~ 

7 ,000 ~'a'U(;]'a'W1~ LiI'WL'l~'1 15 'W'1~ LL~:;LLtJmrh.J~'J'Wl~ ,J'1~'l'IJ1~vl'l"'l'10~'1J'~nl'l~'ltJEtOH LL~::;~1J' 
l< :.., l< d ., l< l< "" "'" « ,,~J... 'I l< .. 

fl n l'l l'l'JU'W'1 LUJ':;mWn'lmm'a.:J rotary evaporator "'l:; L(1)~1J'L,"~'l'1l'IJ~ L,"~'fl'l LOU~1J' L'J L'W'VllJ(1) L'\J~ LU'IJ 

'aW,"l1n -20°C. " 

~ " , 
";j LRJ''1:;~LL!iI:; LLU o 'a'I r1uJ':;O'a'U'Vl1.:J LR iJl'W,J'1 tj'l (;]1lJ-n'IJLJ'.:J,"~0 bioassay-guided isolation L~lJ 

I J' i.I .d~ 0.... ~.t ~ 0 

"'l1 0 mJ'LLU 0 O~lJ"lJ'a.:J ~1J'L'U'a'l [;J'W[;J1lJ ~'J1lJlJ"lJ'J L(1)tJ'W'1~1 J'~ 0 l'l 96% EtOH "lJ'a.:J'\J1e.J.:J'Vl.:J,"lJ l'llJ'1'Vl1 

~:;~'1U~'.lU 80% MeOH "'l'WLU'\J~1J'!iI:;~'1tJhlm~tJ'J ,J1~,)'IJ~~:;~1ul'W-i'W 80% MeOH ~lJ1Vl'1 
"I " " 

partition J''JlJntl hexane LLUO~'J'\J-n'IJ hexane ~'a~~'1'\JU'\J'a'aO~'JUOJ''JmLUO "101!'\J,J1-n'\J 80% 

MeOH lJ1L~lJ~1mtJ1(;]J'L'Vh[;j',)L~'aVl11~Lu'\J~1~~:;~'1tJ 40% MeOH u1tJ1'v'h partition J''llJn'U CH2CI2 

II II ", '" II " 

LLUOvl.:J~'a.:J-n'\J 'a'aO"'l10n'W "'l'10,r'\J,J1fl'lJ'~1~vl'lm.Jl'l"'l1o-n'IJ(;]'1'11 ~'1\l hexane, 40% MeOH LL~::; 
t.I t.I .J 0.... ~ .c:J., i.I ,df .... tt ~ 

CH2CI2 lJ'l~:;L,"mL,"'1(1)'Jm~J''a'l rotary evaporator '\J1~'1J'~Ol'l'Vl.:J,"lJ(1)'Vl L(1) ~'a ~1J'flOl'l L'W"D'\J hexane, 

40% MeOH LL~::: CH2CI2 lU'Vl(1)~'a'UR,)1lJ~1lJ1J'nl'\JmJ'~1'\Jo1J'L"'l~q)'1l'a'l'~'\J'Vl1u1l'lu";jfi microbroth 
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Q'!6I Q 4 4"J I " 0 I d 't ,,~ .... ". ~ "" 
n LlJYfl n",y.;11'l1~ L~fl nl'l'W1~'WL") 'W1 n~l-J"1Ifl~~ 1~1'l LLtI n L!?Il'l~'\.1l-J !?IIOl1 n flfl~l-J'Wl-J11'1 !?I~flU ~l'l fi t 'W01~1n1'W 

., 
01~LIOl1qj~fl.:J'1~'W1'l1mlnflf.:J ~';}tI~fi microbroth dilution assay L-rl'WL~l-J 

.t "" qr
L'lIfllOj~'Wl'l~t:J Micrococcus luteus, Pseudomonas aeruginosa. Escherichia coli . • 

Staphylococcus aureus LL~:; methicillin-resistant Staphylococcus aureus (MRSA) ~1'W'J'W 4 LflL"lI 
., 

L~1n ~,;}Wl'W L~LLri MRSA 20645, MRSA 20646, MRSA 20651 LL~:; MRSA 20652 1~L~fl~,;}fl[h~l-J1 

n1'i1'J ~~'elU t]YltI.'Un1'i~1'Un1'iLIOl~'Y"ll'fl~,i'UYI"i!i' (antimicrobial activity test) 

paper disc diffusion method 

LiI'W01~l'l ~~flU ~l'lift'W01~~1'W01 ~L1Ol1'1) Ldfl~ ~'W fh01 n~t:J.:J L~fl'1~'W1'l1t11'Wfl1'" 1 ~L~ tI.:J L~flLLUU 
" ...." .

L'\.1~,;} LB broth L!?Itln1~~.:JL~fl1'Wfl1~1n~[J'lL~flLLUUL'\.1~,;} LB broth LL~,;}L"1I[hYi 130 ~flU[;jflt.nYi 
, .,., 

~ru'\.11Jij 37 °C lOl'Wm:;'Vl'll'J1"i1 OD600 = 0.4-0.6 1Oj10'1!'W spread L~flt'Wml-J11n~ 200 JlI U'W agar plate 

~'lHIOj'WLL~'l LL~'Jv'i1n1~'J1'lLLcJ'W paper disc '\.1[J~~1~~nC;)~1~'li'WLN~1~'W~,;}1l-JL-nl-J-n'Wj;J1'l1 ~'l~ 0, 

50, 100, 150 LL~:; 200 mg/ml ~'lU'WLLcJ'W paper disc 1Oj1n,r'W~'llJ1hhjl-J~~ru'\.11Jij 37 °C LiI'WL,;}~11 
tJ'W LL~';}v'i101~tJ(?)L~'WcJ1'W~'WUn~1'l"1lfl'lu1L'lru~hiv.nJL~fl'1~'W1'l1U (inhibition zone) t'WLLj;J~:; agar 

" " 
plate v'i1n1~1'lC;)~fl'leD1 3 ~f'l 

microbroth dilution assay 

LiI'Wn1~1'l ~~flU fl,;}1l-J~1l-J1~(lt 'W01~~1'W01n"l1'l!"lIfl'l L~fl'1~'W1'l1uIOj1n~1~~ n~~1~'l mh';}~fl 
o ~ J' .c. ..c:,I .: ..Ji' I ':.cJ I 0l:Il ~ 
1'1101:i'L~tI'lL'lIfl'1~'Wl'l~[J1'Wfl1'\.11~L~mL'lIflLLUUL'\.1~,;} LB broth Lc;)[JUl-JL'lIfll'l 130 ~flUlnfl'W11'1 ~ru'\.1lJl-J 37 

°C 1~i1~h OD600 =0.3-0.5 1Oj1n,r'Wv'i1n1~l'l!?l~flU~1'l't"1lfl'l~1~~nC;)~1~'l-n'WLN~v'i1n1~ serial dilution ~ 

fl'J1l-JL.;Jl-J.;J'Wj;J1'l1 ~'l1ut'W 96-well plate 1'Wml-J11n~ 100 JlI LL~,;}~'lilLUIn~L~flLLj;J~:;'lIU~~.:J'lut'W 
• ~ ~ q, col" ,J' 11 J' , q • ~ 
u~l-J11n~ 100 JlI L~[Jl-Jn~l-Jfl,;}U~l-JYI L~LL(;]fl1"'1~L~mL'lIflLLUUL'\.1~,;} LB broth flm.:JLc;)[J';}u~lJ1m 200 JlI 

LL~:;L~fl'~'W1'l1Ufl£i1'l L~mml-J1(;]~ 200 JlI1Ol1n,r'W~.:JU1hltjl-J~ 70 ~flUj;Jfl'W1Yi ~ru"'lJij 37 °C LiI'W 

L,;}~1 1 tJu LL~';}v'i101J"th'W1"i101~~!?In~'WLL~'l (absorbance, abs) L~[Jtojf microplate reader v'i1n1~ 

~L~~1:;lf-nfl3J~L(?)[Jn1~YiIOl1~ru11"i1 Minimal Inhibitory Concentration (MIC) LL~:;1"i1 Minimal 
col .,.,., ., 

Bactericidal Concentration (MBC) "1Ifl~~1~~nC;)l'lL~1Oj1nn1nL[Jn1'WLL[;j~:;~f'lt'WL~flLLj;J~:;'lIU~ 'Vl'lUv'i1 
., 

O1~l'lC;)~fl'l 3 eD1t'WLLj;J~:;~,;}1l-JL-nl-J-n'W"1Ifl'l~1~~n~ 

1'Wn1 ~l'l(?)~fl'lij,r'Wlnfl'WLLtl'lflflnLiI'W-nfl1 j;JflLrtfl.:J n'W~.:J j;JflhJe 
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"'..., tV .... r: 
n1~n(;U;l'UJ 96% EtOH (ethanol extract) LL~::n1~~n~~'nJ1.I1 (water extract) 

o ~.t ... 'i" .J.. ~" •.I....t .....J ... ". 'I ' .dI 
'l.!1'l.!1c.J~"lI'l.!b~~'VlLnUb(;)'"l1n-n1~tH.J~ I?\. 'NLL'1Il-J 'el. tI:::"1I'1).1 '"l. '"l'l.!'Vl1..J~ b'l.!"lI'NLI1l'il'l.!Ll-Jt11£1'l.! YUI\. 

2553 r.l1'l.!'l'l.! 90 nfl-J l-J1Yhn1~~nI1lLI1l£1l.jf 96% EtOH ml-J11?\~ 400 ml Yhn1~~n(1)~~ru'VIJJn 15 DC 

LU'l.!L'lfl118 i'l'i:l-J~ tl1~1~~nl1l~1.~l-J1,j'l.!l?\nl?\:::n'il'l.!~'l£1 centrifuge ~ 7,000 ~'iltJ~'il'l.!1Vi ~ru'VI1Jn 4 DC 
.od Q' 0 .J.r:::t~ .... ",,, 

LU'l.!L'lfl1 15 'l.!1'Vl LLUmntJ~'l'l.!1~LLfl:::'l.!1~'l'l.!I?\:::n'il'l.!'VlL'VIfl'il'Vl-3'V1l-J11ll-J1~n(;)"lI111l'l£1 96% EtOH UhJ11?\~ 

100 ml ,j'l.!l?\n l?\:::n'il'l.!LLfl:::LL£1n Lnu~'l'l.!l~~1.~L~'iltl1l-J1~'ll-JntJ~'l'l.!1~~ LL£1 n LntJHl'l.!n1~~n(;)~f~LL~n 
ml-J111l~~'ll-J'"l:::LU'l.! 500 ml '"l1n,r'l.!~~LLtJ~l-J1 200 ml LLfl:::L~tlyJ'il~LyJl?\uvhyJ'ilfm1,.JL"Ifl-J.;r'l.! 20 mM ~ 

'I. I .J 0 PI ..." ~ 0 ... 'I. I • .:r " .J
pH 7.0 ~u 200 ml LYl'il'"l:::'Vl1L'J'l.!~'W~nl1ll1l'l£1'l.!1 'l.!1~1~~nl1l ~uu'l.!l?\nl1l:::n'il'l.!I1l,)£1 centrifuge VI 7,000 

., 
~'iltJvi'il'l.!1Vi LU'l.!L'lfl'1 15 'l.!1Vi LL~:::LL£1mntJ~'l'l.!l~ 'I11~'l'l.!1~i~'"l1n~1~~nl1l~'l£1 EtOH LL~:::~1~~nl1l~'l£1 

n1~VlI1l~'fl'U qVltL1.1 n1~IX1'un1~L~~'Y"lI'fl.:J'i~1.IV1itJ"lI'fl.:J~1~~n~.J1ef.:J'fl~1.:1'V1fJ1'llLl.Ii'el 2.1 

o ..... I :: .t Go" ~ .J.,!"tt j.I ~ i.I Q 

'l.!1~1~~nl1l'il£11'l'VI£11tJ"1I'il~'l.!1c.J'l"ll'l.!bN'Vl LI1l b'l.!"1I'il 2.1 l-J'1V1I1l~'iltJ~'Vlfin'1~I?\'1'l.!n1~L'"l~qj"1l'il~ 

~~'l.!'Vl1ULI1l£1~L.jf~'l1l-JL.jfl-J.jf'l.!~ 0, 64.5, 129,193.5 LL~::: 258 mg/ml 1?\1l-J~1~tJ 'I1'1't1.JVlI1l~'iltJnu 

L~'il~~'l.!'Vl1U~ spread ~'ltJ'l.! agar plate LI1l£1ilLtJl?\~~1~~nl1l'il~h~'VImtJfl~tJ'l.!LLeJ'l.! paper disc 1?\1~~fi 
paper disc diffusion method ~1.~n~1'l1.t1LL~'l.jf1~tX'l.! 

L~'il n ~ '1 ~~ n l1l'ilth'l'VI £11 tJ~l~ c.J ~ n 1~n1~'Vl11l fl'il'l~ ~~~ c;) ~'iliJ ~Vlt'l 'Wn '1 ~~1 'l.!n1~L'"l1ClJ 

L~'fl~~'l.!'Vl1U~~~~11l ~'il ~1~~nl1l'iltl1'l'VI£1'1tJ'"l1n 96% EtOH LL~:::L~'flm~'fl~~'WVl1tJ~iJm1~1.'lul'il~1~ 
~nl1l'ilth~VlmU~'1~1'W'l'l.! 3 1'ilL"lIL~1?\ 1.~LLri S. aureus, MRSA 20645 LL~::: MRSA 20652 ~1'Vlt11~'iltJ 
.J..J " ".J 0 ~.I ::. 0 '1.1" -". 'i". ... 

LYl'fl'VI1-11'l~ ~'l'1l-J L"1Il-J"1I'W'Vl'"l :::'W1 ~u'VlI1l~'ilU"1I'WI?\'fl bul1l'l£1'lfi microbroth dilution assay bl1l£1'W1~1~~n 111 
., ., 

o 'I'" .dI 'I '<'I"'" II II.dI
'ilU1~VlU1tJl-J1~:::~1£1 b'W'il1'V11n~£1~L"l!'ilLLtJtJL'VI~'l LB broth L'"l'il'"l'1~ bVl bC;)l-J~'l1t1L"1ItI"1I'W 20, 40, 60, 80, 

., ., 
100 LLfl::: 120 mg/ml 1?\'1~~1~tJ 'I111.t1V1I1l~'iltJntJL~'fl~~'WVl1tJi~ 3 'l'tl L'lIL~1?\ 1?\1lJ~fi microbroth dilution 

.J'I" , 'I. I "" " assay VI Ll1lnfl1'l buLL~'l"1l1'l1?\'W 

~ ., 
n1~LL£1nn~l-J"1I'il~~1nij'il'l ~'W1?\1~ ~'l1l-JiJ-n'lL(;)£1n11V'h partition ~'l£1m'lmL£1 n U1~1~~nc;)tnh~• 

VlmtJ 96% EtOH "1I'il.:J~1~.:J-n'WLNlJ1~:::~'1£1~'l£1 80% MeOH '"l'W~1~~:::fl1£1hjL'VIU£1'l '"l1n,r'WL~l-J 
hexane fl~'t1.Jl'Wml-J11?\~L'VhntJ 80% MeOH ~Hi.t1 n~lJ~1~~1.~iJi'l'"l:::LL£1n'tl~L'W-i'W hexane ~.:J'"l::: 

,'" .J Q~' :, ~ ~ ,II
~'il£1'fl£1'Vl1.:J11l1'WtJ'W l'W"1I ru:::'Vl n~~~1~tI"1I'ltl1 n n'J1'"l:::fl:::~1£1l'W"lI'W 80% MeOH 'lI~'"l:::LL£1n"ll'l.!'el£1C;)1'Wfl'1.:J... I .. I 

If" ... SfII 

LL£1n~1~L'l.!i'W hexane Yl.:JVI~C;)'fl'iln ~'l'W~'1~~:::fl1£1l'l.!i'W 80% MeOH ,r'Wtl1t1'1L~tI'I1'1fl.:JhhEl-J11?\~ 

L'Vh~iJ'tl~l~n~'1mtlu-i'W 40% MeOH L~'ilL~~~'l1l-JiJi'l"1l'il.:J~1~~:::fl1£1L~l-J1n~U '"l'1n,r'WL~l-J CH2C12 

http:l-J1Yhn1~~nI1lLI1l�1l.jf
http:LL~::n1~~n~~'nJ1.I1
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fi~lULVhrlutfhrll?l~~~'e)ti ~'1~~iJi'Jl-J'1n"'l~fi~fi'1t1'e)tll'W~'W 40% MeOH ~'!"'l~'tltd':h'Wu'l.! LLfi~~'1~~iJi'J 
~ ~ ~ 

"../ .. ..... .. 
U'1'Wnfi'1'!"'l ~fi ~fi'1t1'e)~L'Wi'W CH2CI2 "ll~"'l~'e)~ ~T\J~h'! Uti n~'1~";~~'tl'li'WU'tl'e)n"'l'1 n rlULLfi~U'11U~'1~iu 

, 'I. I .....J a .,.. ., 'I ::. 
(?I'1'11 ~1J~~L'"tILL'INVt'JtlLf')~'e),! rotary evaporator n"'l~ ~!?l~'1~~nl?l ~U"lIU hexane, CH2CI2 LLfi~ 40% 

.J. .JQ!:." ~ ~!::. 0 _ 

MeOH"ll'l LlIU~'1~Vll.J"JJ'JU'e)tI "lJ'JU'1Unfi'1'1 LLfi~2-J"lJ'Jl.nn !?l'12-Jfi'1!f1U 

nl~'VII?l~'el1J 'I 'VItLunl~~TU nl~L~'i'Y"l.I'el.:s,,!~U'VI~!l'll'el.:s~I~~nl?l;i LL!1fll~u.fu hexane, CH2CI2 

LL~~ 40% MeOH ~ln"li'el 2.3 (microbroth dilution assay #1) 
I " " 1.1

U'1~'1~~rl!flVlLLtlnl~'Wiu hexane, CH2CI2 LLfi~ 40% MeOH l-J'1fi~fi'1t11U'tl'1,"'1~L~tI~L:n'tlLLUU 
" L,"fi'J LB broth L~'e)"'l'1'!LW.~iif')'J'1l-JL;rl-J;r'l.! 20, 40, 60, 80, 1 00 LLfi~ 120 mg/ml (?I'12-J~1~U "'l1n'l1'W 

,j11U'Vl!?l~'tlurlUL~'e)'1~'W'Vl1tl~L~'e)n~m~n~'JU% microbroth dilution assay L"ll'WL~l-J ~"'l1~ru'1,"'1~'1 
MIC LL~~ MBC 

nl~LL!ln~I~~ln fraction hexane 1I?l!l1fin1~'¥h quick column chromatography 

L~'e)n fraction ~1~t:-Jfilum~~T\Jn1~L"'l1-q)"lJ'e)'lL~'e)'1~'W'Vl1U~~~~!?l~'l~'tl fraction CH2CI2 LLfi~ 
r r'" 

fraction hexane U'12-J '1 VI '1 mnLtI n~1~'tl'e)n ~'Vlfil~iJ fI'J12-Ju1-~'Vlfi2-J'1 n~uL!?ltll; quick column 

.... ... '" 0 .J'I" .J .J, <V ~ ... 0 

chromatography LLfi~Lfi'e) n"llU(?)"lJ'tl'l (?l'J'Vl'1fi~~'1t1'Vl b"ll Lflfi'e)U'Vl C.J1'Wf')'e)~l-JU b(?)tI'rl"'l'1~ru1"'l'1n t:-Jfi n1~'Vl'1 

Thin Layer Chromatography (TLC) L~'tlLLUn~1~'e)'e)mllun~2-Jti'tltl t:-Jfi~l~"'l'1nm~VI'1 TLC LLf'l~U'11u 

LtlU"lIU(?)"lJ'e)'l v!'J'Vhfi:;filu~iJi'J vi'1'! rlU ~2-J"'l'1 n~1~~:;fi 1t1~~i'Jii'tlU LL~'J L~ l-J fI'J '1l-JiJi 'J"JJ'il'l ~1~~ :;fi '1 til~ 
...." 0 '" 

2-J'1n"JJ'W(?I1l-J~1I?lU 75% CH2Cl2-hexane, 100% CH2CI2, 5% MeOH-CH2CI2 , 5% MeOH-CH2CI2 , 10% 

MeOH-CH2CI2, 10% MeOH-CH2C12 , 15% MeOH-CH2CI2 , 20% MeOH-CH2CI2 LL~:; 25% MeOH­

CH2CI2 (?I1l.J~'1~U ':jfin'1~VlI quick column chromatography L~l.J"'l1nm~U~~'1 silica gel fi~l'\Jf')'tl~2-J'W 

l\\'LLll'W ,j'1~1~lu fraction CH2CI2 LLfi:; fraction hexane t:-J~l-JrlU silica gel LL~'JU~~'1fi~L'I.!~IUU'I.!"lJ'tl~ 
" '.J ... .J

fI'e)~l.J'!! "'l1 n'l1u~'I"lI :;fI'tl ~l-J'!!~'J tI ~'JVl1fi :;filU L!fItI L1-l.J"'l1 n ~'JVl1 fi:;~'1 tI'Vl iJi'Jii'e)tI"'lU~~ ~'J'; 1fi:;~1tI'Vl ~ 

i'Jl.J'1n~~(?) 1; vacuum "ll'Jtll'Wn'1~Iil(?)'a1mPll\\'~'JVllfi:;fi'1U"n"ll~eJIUfI'tl~l-J'!! diu fraction ~"II~l~• '..J ~ 


::. .J",,::', 0 .Ja.,.. . '1.1 ..... .d
<V 

'Vl~,"l.J (?)"'l'1 n~ '1 ~fi:;fi 1t1'Vll-J"lJ 'J (?I1~ nu 'W1 ~1~'Vl Ln U ~(?) 'VJ n fractions ~1J~:;L '"tILL '"~ !fI'JtlLf') ~'e)~ rotary 

evaporator 

... '" Q. .Q. 6:4~ ..,,-=1 "...,
nl~'V1 (?)~'el1J '1'V1fi L'Unl~j;11U nl~L~~'Y"l.I'el.:s,,!~'U'VI~!I"l.1'el.:s~I~~nl?l'VI LL!I n ~I?l~,n fraction (microbroth 

dilution assay #2) 

o .., .J " ~ ~ .cI ~ i,lq
ul~'w~n(?)'VlLLtlnl!f1'Vln fractions 2-J1~:;fi'1£.11U'tl'1,"'1~LfiML"1l'e)LLUUL,"~'J LB broth L"I'tl"lI'1L," U,)l.J• 

.. ".J 
f')'J~l.JL;rl.J.;rU 2.5, 5, 10 LLfi:; 20 mg/ml (?I1l.J~1~U "I1mrUU11U'Vl!fl~'tlurlUL~'e)'1~'W'Vl1u'VlL~'tln~m~n~'J£.I 

% microbroth dilution assay L"llUL~l-J Vi"lI~ru1,"1~'1 MIC LLfi:; MBC 

http:LLfi~2-J"lJ'Jl.nn
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cv r.f.Y.t ~ r
&\I~m1~~nflU1&\1~"OU ~.:t~~tI 96% EtOH (ethanol extract) LL~:::U1 (water extract) 

"' J' "' "'"' J'~'1J'~ri~n11eNi'WLN'tlth:n..m'1u~,)tI EtOH ihl'1V1un 13.49 g tfh.J'wlJ' 9 ml ~~U'\J~1J'~ri~t1'1e.J~ 

i'Wh:J'il£h~Vlmu~,)tJ EtOH '"l:;ijrl,)1l-JL-lfl-J-lf'W 1.49 g/ml ~1J'~ri"'~1~'1i'WLN'tlth'lVimuijttnMru:;d:l'W 

'1I'il'lL'VI~,)Vli'l"'~L'VI~'tl'lt~LL~:;~1J'~ri"'~'1~'1i'WLN'tlti1'1V1mU~,)tJ~1ij~1'V1Un 11.09 g ml-J1!JlJ' 7.5 ml 

"' "' J'"' "' J'~~U'W~1J'~ri~1l1'1e.J~i'WLJ'~'tlti'1'1V1mu~')ml'1'"l:;ijrl'l1~L-lfl-Jejf'\J 1.48 g/ml ~1J'~rl~,J1e.J~i'\JLN'tlth~Vlmu 

ijttnMru:; LtI'\J"jJ'il~ LW~,)Vli'l~~LVI~'il'lt~ L"ll'\JL~tJ,) rl'W LL[;jij jO),)'1l-JVlil~nJ 1 n n~ 1~ '1 J'~ rl(f1~'1 ~~i'\JLN'tlti'1~ 

'\.m'1'U~')tJ EtOH 

• cI 
~'JU'VI 1 '"l'1n S. aureus LL~:; MRSA 

'li'Ju;1 2 ~'1n M. luteus, P. aeruginosa LL~:; E. coli 
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~'Ju;j 1 ~'ln S. aureus LL~~ MRSA 

.d&, .... .... .... q<l IV r.r . 
1.1 eJ~m1V1~'ll'el'U 'l'VIfi Lun11~1Un11L~1'Y"lJ'fl-3'~UVl1!1"lJ'el-3'll11'll n~U1eJ-3'el!l1-3'JI!J1'U 

~~n1~'Yl(;1~'e)1Jq'Ylftun1~tJhun'ln~1'\J"ll'e).:j'1~U'Yl1u"ll'e).:j~'l:i'~n(f)~'l~~iuLN'e)ci'l~'VItJl1J~~ti(;1 

tJl'JtJ 96% EtOH LL~~~1 tJl'JtJ% paper disc diffusion method ~.:jtU"I1:i'I~~ 1 

...a . .J .l"" ....J.".Jj' ... ..... 'I • 
~111-3V1 1 LL~(f)~fllL'U~m~Ut.J'l'l.!~utJn~'l~"lI'e)~1J:i'L'Jru'Yl L)J~1J L"ll'e)'1~U'Yl:i'tJ (inhibition zone) LU,"U'JtJ 

L"1IU~L)Jt'l~ (mean ± S.D.) "ll'e)~L~tl'1~u'Vi~'uvr.:j 51'e)L"1IL~t'l ~'ln~'l:i'~n(f)tlcil.:j,"m1J~'ln 96% EtOH 

Conc. (mg/ml) Isolate 

S. aureus MRSA 20645 MRSA 20646 MRSA 20651 MRSA 20652 

0 0.00 0.00 0.00 0.00 0.00 

64.5 1.60 ± 0.20 1.60 ± 0.05 1.48 ± 0.10 1.58 ± 0.13 1.70 ± 0.26 

129 2.17 ± 0.21 2.20 ± 0.00 2.13 ± 0.32 2.17 ± 0.15 2.43 ± 0.13 

193.5 2.33 ± 0.25 2.60 ± 0.10 2.53 ± 0.25 2.33 ± 0.15 2.63 ± 0.15 

258 2.62 ± 0.24 2.83 ± 0.06 2.70 ± 0.20 2.60 ± 0.00 2.80 ± 0.20 

"" ... 0. II ... ... ~ .l' .:t . 110 

~'Jut.J~n1:i''Vl(;1~tl1Jq'Ylftunl~~hun1:i'L~1'!J'lI'e)~'1~U'Yl1uvr.:j 51'e)L'lIL~~ "1ltl.:j~'l:i'~n~~'l~~iULN 
,'" "r ~ II 

mh~,"muVl~n(f)tJl'JtJUI ~1Jtj'l~'l~~n (;1'V1tJl1J~'lnUlhiiJq'VIfitUn1:i'~hUn1~L~1'V'lI'e)~ L:n'e)'1~U'Yl1-uvi~ 5 

.,~ ... . .J.l" ... ' " 'I .J ~~ 
Ltl L'lIL~t'l ~'lnn'l1~~I~rulrnL'tH'WLnUt.J')'WpjutJnij'l~"l!'e)~ InhIbItion zone J.'\JWln.:j'Yl 1 I;NL~'fln S. 

u 
• 0­

"" 0 ,... _.~~".Iaureus. MRSA 20645 LL~~ MRSA 20652 )J'lL~'fl'VI'ln11'V1®ijtl:L'\J"lIU®'e)~ 
.. 0­

t.J~n1~'Yl(f)~'e)1Jq'VIfilUn11~hUn1:i'L~1'\J"lltl~'1~U'Yl1-uvi.:j 3 ltlL'lIL~t'll!?1LLri S. aureus, MRSA 

20645 tL~~ MRSA 20652 'lItl~~I:i'~n(f)~'l~~iuLN'flF.h~'VItJl1J~~n(;1!?1'JtJ 96% EtOH ~'Jui)fi 
dI 'I ""'...... 

II 

0 d 'ff . dI 
• 

0 
(microbroth dilution assayLijtln~'Jfi'WLL'Yl'Wn'l:i''VI'l agar weill uSlon assay LlJ'e)~9'lnnln'l'l 

'I .... ... ,. ., .... .ct 'I.... II , 'I ". ~ Go'

microbroth dilution assay ~'l;J'WOJ,'llIW)'flUl.:j91l,\(UUJ'lnj,® 9·H"ll L?ijl'\JtltJO'lILLij~~U1;J'lru~'w~n® 
, 

II ,.dl.!'l 1.1 ... ... 'I ...
'bItltJO'l'l '<i~LlJ'bIn11 1~lm®~'l1) (;1~LL~(f)~ L'tUll~'Yl 1 
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1.000 

0.800 

0.600 
0 

l8 
0 ...-s.aureus 
0 

0.400 
.....MRSA20645 

0.200 .......MRSA20652 

0.000 

o 20 40 60 80 100 120 

Conc. (mg/ml) 

111'Wf11 LL~"'~,",,)L'il~t1n1~"''''n~hJLL~~ (absorbance, abs) ~~",1~~"ll(NfI'J1~t1,)'JfI~'W 660 'W1t'WL~~~ 
" ., ., 

r,:l1nn1~Vi1 microbroth dilution assay "lJ~~fl'Wfln"',J1~~-n'WLN~th~'VItl11J"'l')n 96% EtOH (;j'i) 

L~~,,~'W'Vi~u~~ 31'i)L'1IL~~ 

'" partition ~'Jtln'i'um!Jn 
., ., 

n1~LLtin~ ') n U'i).:J ~'W~1~ fI'J ') ~i:j -n'J"Il~.:J fl1~t"'t1 n1 ~y'h partition ~'JtIm'JtI LLti n fl1~1~mLtlnfl1~ 

1~~.:J'VI~'" 3 n~~ L'i.:JLLfl"'.:J1'W~1~1.:J~ 2• 

..., 0 

1N'J'VI')~~~')tl ~~UR'J1~~~'J~~~~'J~1~~~1tl .., q 1"
~nlHU~~'fl~'lf1'i'VIl.Ltln 61 

Hexane 
0 

1111 '1I~~L'VI~'J1fl 

CHzClz th'Wn~,)-!I '1I~-!I L'VI~'J~ L'VI~'il-!l1~ 

40% MeOH fl-!l 
" 

"lJ'i)~L'VI~'JL'VIiltl'J~ L'VI~n.:j1fl 
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""'" "' .... ..f....... .. .,j"!<'1 ~ 

1.3 rJ~n1'i'VI ~'lI'£I'l.H)'VIfi I.'U n1'iGl1'Un1'i1.... 'i'Y"lI'£I-!lI.'il'£l"!~'U'VI'ifl'il'£l-!l'll1'i'VII.I.Un ~Gl ~U'Jfu hexane, 

CH2CI2 I.I.~:; 40% MeOH (microbroth dilution assay #1) 
'I d"'1 J.I c. .J' oC:\ .::I ... ", 0 

~Un1n'1I?'1~tliJ~'Vlfi btJn1~(;\1tJn1n~~C1J"1.Itl~ L"lltl"~tJ'Vl~U(;l(UJn1~'Vl1 microbroth dilution assay 

"1.Itl.:J~1~~ n(;l~1~~itJLN,"~.:J.yh n1~mj.:J n~~~1~(;11~ fl'l1~iii'J ~'lUm'Ju LLU n L~tlU111.J1'I?'I ~1n1~~ I?'I n ~tJ 
.J .... ., "..J..,J ~ ~ " ... ,

LL~~ (absorbance) 'Vl'J1?'I LI?'I'Vhl'J.:Jfl'J1~U1'lfl~tJ 660 tJ1 LtJLl-J(;\~ LL~'l~12.J1~f;)'W~1nlJ1fl1 MIC LL~:; MBC 

'I ' .... 0 ,..J., ~ .of ... col .. ::. ., ~ .... 'I ..J
(mg/ml) "1.Itl.:J~1~ LtJLLUI~:;U1'l'Vl1~::;~1U 3 n~l-J'VlLLUn LI?'I LtJL"ll'el"~tJ'Vlffi'Vl.:J 3 L'el L"llL~(;\ (;l.:J LtJ(;\1~1.:J'Vl 3 

.,j. 'I .of ... col.. , ., ~ .... ..J.,,, 0 

Gl1'i1-!1'V1 3 LL~(;l~fl1 MIC LL~::; MBC LtJL"ll'el"~tJ'Vl~mL(;\~::; Ltl L'1IL~U1 "1!tl.:J~1~~nl?'l'Vl LI?'I~1nn1~'Vl1 partition 

~'lUm'JmLtln ltJLL~~::;n~l-J"lJ'tl.:J~'JVi1~::;~1u• 

Isolates MIC (mg/ml) MBC (mg/ml) 

Hexane CH2CI2 40% MeOH Hexane CH2CI2 40% MeOH 

S. aureus - 20 20 - 20 >120 

MRSA 20645 - 10 20 - 20 >120 

MRSA 20652 - 10 20 - 20 > 120 

~eg'lti~e cQotrQI Q Q Q Q Q Q 

.:. .of .... ,
" 

1.4 rJ~n1'il.l.tJn'll1'i'"l1n fraction CH2CI2 L(;Itl1Hn1'i'Vi1 quick column chromatography 
~ .J J,I £II.J '" A

n1nLUn~1~~1n fraction CH2CI2 'lI.:JLUtJ fraction 'VllvU:.J~I?'I'Vl~l?'IltJwl~(;I1tJn11L~~ry"1.l'el.:J 
.: .q oCII..- ~.J 0 1"L"ll'tl~~tJ'Vl~U (MIC LL~::; MBC (;I1'Vl~I?'I) LI?'IUn11'V11 quick column chromatography ~1)J1~mL~.Jn~1~ I?'I 

~.:J,"l-JI?'I 9 n~l-J~'Jun'l.l ~~ii~'tlL1umL~~:;n~l-J LL~:;flru~m~tru:;"1.Itl~~1~ltJLL~~:;n~l-J~.:JltJ(;\1~1~~ 4 
It ill .. q 

http:LN,"~.:J.yh
http:i'Y"lI'�I-!lI.'il'�l"!~'U'VI'ifl'il'�l-!l'll1'i'VII.I.Un
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...a.... d ~ .., . '\ ' ,
0l1THI\'I 4 LL~!Mfln'l!tru::"lI'el'l~1~'VlLLUn ~1?)~1n qUick column chromatography t!LLOl~::n~l-J 

n~l-J~1~ ~mfru::"lI'el'l~1:i'~LLUnL~ 

1. 75% CH2Cl2-hexane (75% DCM) "lI'a'l L ~fl'l1.~ 

2. 100% CH2CI2 (100% DCM) "lI'el'l L~fl'l1.~~L'VI~'tl'l'tl'tlt! 

3. 5% MeOH-CH2CI2 (5% MET1) ,\.coI dI
"lI'el.:JL'VIfl'l ~~L'VI~'el'l 

4. 5% MeOH-CH2CI2 (5% MET2) "lI'el.:JL~fl'l'\~~m~'el.:J 

5. 10% MeOH-CH2CI2 (10% MET1) "lI'el.:J L~fl'l'\~~ L'VI~'el'l Lifl-J 

6. 10% MeOH-CH2C12 (10% MET2) "lI'el.:Jmfl'l'\~~L'VI~'tl'l Lifl-J 

7. 15% MeOH-CH2CI2 (15%MET) "lI'tl.:J L~fl'l'\~~ L~~'el'lLifl-J 

8. 20% MeOH-CH2CI2 (20%MET) "lI'tl.:J mfl'l'\~~ L~~'el'lL ifl-J 

9. 25% MeOH-CH2CI2(25%MET) t Q 4=51 '" "lI!l'lL~fl,) ~~L~fl!lWlll-J 

""'" .., ... ..r ... """~ ...a 10­1.5 e.I~ n1~\'1 1?)~'fl'U '1\'1 fi L'tJ n1~0l1'tJ n1~L~~'Y'l.I'fl.:J L"l!'fl'i'tf'tJ \'I ~!.I'l.I'fl.:J~1~\'I LL!Jn 0l~1 n fraction 

CH2CI2 (microbroth dilution assay #2) 
~ ~ 

'\'lJn1:i''VlI?)~!l'U'1Vlfil'lJm~tX1'IJmn~1'1J"lI!l.:J L~!l'~'IJ'Vl16~hu m:i'Vi1 microbroth dilution assay 

" " 
"lI'tl.:J~1:i'~ri'I?)U1~'I-n'IJLN~~'IVi1n1nLUn~1n fraction CH2CI2 LI?)Un1~Vi1 quick column 

chromatography ~'I1~~1~~.:J~l.J1?) 9 n~l.J LLfl::~1nLt;ifl::n~l.J~LLUn1~~1n fraction CH2CI2 ~1l.J1~Cl.r(;) 

~hm:i'l?)l?)n~t!LL~.:J (absorbance) ~"ll'J'If)'J1l-JU1'lf)~'IJ 660 'lJ1L'lJLl-J0l:i' l.'tJL~'tlLLl'lfl::L'tlt"liLflOl ~'1LL~I?)'I'\t!.. 
d ...., ~tl1;

111Yl'Vl 2-10 1?)'10l'el ~ 'IJ 

http:I1~~1~~.:J~l.J1
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0.700 

0.600 

0.500 

18 0.400 
o 
o 0.300 

0.200 

0.100 

0.000 

75% DCM 

......S.aureus 

-It-MRSA 20645 

......MRSA20652 

o 2.5 5 10 20 

Cone. (mg/ml) 

111~;1 2 bL~I?l~ri1 abs ~-rl'Nfil'J1~tJ1'Jfil~'W 660 'l.ntub~(;]r r.nnn1~vh microbroth dilution assay "lItl~ 

~1r~ri~ fraction ~ 1 (75% CH2CI2-hexane) l1Itlb~tl,,~uvi~u~~ 3 'ttlt'l!L~(;] 

0.800 
100%DCM 

0.700 ...- - 'r 

....-.--- ­
0.600 - ..... 
0.500 

......S.aureus 

0.300 -It-MRSA 20645 

0.200 ......MRSA20652 

0.100 

0.000 

o 	 2.5 5 10 20 

Cone. (mg/ml) 

111~;13 bb~l?l~ abs ~-rl'J~fil'J1~tJ1'JFI~'W 660 'W1tUb~(;]~ r,nnn1~vh microbroth dilution assay "lItl~~1~ 

~ri~ fraction ~ 2 (100% CH2CI2) l1I'flL~'fl,,~'W'vi~'u~~ 3 'ttlt'l!L~(;] 
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0.800 
5%MET1 

0.700 --.. 	 - -...........-~ 

0.600 --	 ... 
0.500 • 

o 

0'/1, 0.400 	 -.-S. aureus 
o 

0.300 	 ___ MRSA 20645 

0.200 - 1:.- M RSA 20652 

0.100 

0.000 

o 	 2.5 5 10 

Cone. (mg/ml) 

~ I ~ ~ 	 0 

111'W'VI 4 LL~ (;)~f)1 abs Yl"ll'N rI'l1l.JtJ1'J rI~'W 660 '1.11L'WLl.J"'~ '"l1nn1~Yl1 microbroth dilution assay "1J't)~ 

~1ffiri(;) fraction ~ 3 (5% MeOH-CH2CI2) l'i't)L~'t)'~'WYl1uvr'l 3 'l't)L'1IL~'" 

0.800 

0.700 

0.600 

0.500 
o 

0'/1, OAOO 
o 

0.300 

0.200 

0.100 

0.000 

o 2.5 

...- ..oIL -- - -~ 
:. ­ .... 

-y 

5%MET2 

-.-S. aureus 

___ MRSA 20645 

......MRSA20652 

5 10 20 

Cone. (mg/ml) 



22 

0.800 

0.700 

0.600 

0.500 

0.300 

0.200 

0.100 

0.000 

10%MET1 
lIE.. .:r:. 

*-...~ . ­- 11' 

~-
+-- -............ o:' 

~ 
Y 

y­

.....S. aureus 

___ MRSA 20645 

.....MRSA20652 

o 2.5 5 10 20 

Conc. (mg/ml) 

1l1w;i 6 LL~~'l~h abs ~-rlrN,",'J1~tl1'Jfil~lJ 660 lJ1LlJL~(;lJ' ~1nn'wvh microbroth dilution assay "lI'tl'l 

~1J'~nVl fraction ~ 5 (10% MeOH-CHzCI2) (;j'tlL~'tl~~lJ'Vi~6~'l 3L'tlL"JlL~(;l 

0.800 
10%MET2 

0.700 

0.600 

0.500 
o 

.....S.aureus0'" '" 0.400 
o 

0.300 ___MRSA 20645 

0.200 .......MRSA20652 


0.100 

0.000 

a 2.5 5 10 20 

Conc. (mg/ml) 

1l1w;i 7 LL~~'lri1 abs ~-rl'J'l,",'J1~tl1'J,",~lJ 660 lJ1LlJL~(;lJ' ~1nn1J'vh microbroth dilution assay "lI'tl'l 

~1J'~n~ fraction ~ 6 (10% MeOH-CHzClz) (;j'tlL~'tl~~lJ'Viffi~'l 3L'tlL"lILfl(;l 
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0.800 

15%MET 
0.700 

0.600 
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.....MRSA20652 
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Conc. (mg/ml) 

,---------------_._-_._-­- --------­--, 

fil 
0'" 0.400 .....S.8ureus 
o 

0.300 ___MRSA 20645 

0.200 .....MRSA20652 

0.100 

0.000 

o 2.5 5 10 20 

Conc. (mg/ml) 

0.800 

0.700 

0.600 

0.500 

.... .­ ...... 
~ '" y -" 

20%MET 

- .: -:l 
=­ -7 

~ ,~d 0 

111'Vi'VI 8 LL'llVl~~'l abs Vl-rl'J~m'll-JtJ'l'J~~'W 660 'W'lL'WLl-J(;J~ r.nnm~Vl'l microbroth dilution assay "tI'fl~ 
• ,,0­

'll'l~'llnVl fraction Vi 7 (15% MeOH-CH2CI2) ~'flL:jj'fl'~'WVl~uvi~ 31'flL"1!L~(;J 

111'Vi;ig LL'llVl~fi'l abs ~-rl'J'l~'J'll-JU'l'J~~'W 660 'W'lL'WLl-Jm r.nnm~y'h microbroth dilution assay "tIt'l'l 

'll'l~'lln(;l fraction ~ 8 (20% MeOH-CH2CI2) ~'f)L~'f)'~'WVl~ui'l 31t'lL"1!L~(;1 
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Cone. (mg/ml) 

111 'WVI 10 LL~"'~f11 abs ~"ll'l~fI'l1lJI:J1'lfl~'W 660 'W1L'WLlJm "'l1nm~v'h Illicrobroth dilution assay 

, ,,0­

'1I'tl~~1~~n'" fraction Vi 9 (25% MeOH-CH2CI2) ~'tlL~'tl'1~'W'Vl1tfl1~ 31'tlL"lIL~(;l 
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~'Juv1 2 fOlln M. luteus. P. aeruginosa LL~:; E. coli 

~ .., ~ ~ 411:1(fI.d' '" .., CLI. ~ 
2.1 t:j',W1'i'Vl (;l'14'el1.H]'Vl fi ~U n1'i(;)1U n1'i~'"I'i'l!'lJ'el.:J~~U'Vl'itiL'U'el.:J(;)U(;)'JtI'141'i'14 n (;l'eltl1~Vltl1'U L(;ltl 

!lfi paper disc diffusion assay 
., 

e.J~m~'Vl~~'e)u~'Vl1flum~Ill'l'Wm~LfOl1'1J"lI'e)~'~'W'Vl1UvT'I 3 "lIil~l'Wdj'e)'1Ill'W~'ltJ~I~~ti~'e)UI'1 

VtUlU L~tJ~fi paper disc diffusion assay 1,"~1 MIC ~'1(;)1~1~~ 5 

.::.I .J' q ~~ <ct..J '" .., II .Q 

(;)1'i1~'Vl 5 LL~~'1rll MIC (mg/ml) "lJ'e)~L"lI'e)'~'W'Vl~tI'Vl~ 3 "lI'W~ Yl'Vl~~'e)Ul?l'ltJ~I~~nl?l'e)UI~VtUlU 96% 

EtOH 

64.5 64.5 64.5 

., 0­

m:i'LLti n~I~Lij'e)'1 ~'W(;)'U.J mll-JiJi'l"lJ!l~~I~L~tlmrvh partition ~'ltl m'ltl LLtJn ~1l-JIHl LLti n~1~ 

.,. " 
"lJ'e)'1 LVt~'lLVt'Wm"lJ'W 

Lttl'Vn:;(;]'l 
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2.3 eJ~ n'l'iVl61~'£l1J 'lVltl.'Un'l'i~'l'U n1'iL~~'Y"lI'£l./l'~'UVI~!I~'£lU1J flViL~!Iri'flt'iflt61!l~'l'i~n(;l1.'U.f'U 

hexane, 40% MeOH U~:; CH2CI2 (microbroth dilution assay #1) 

t'Wm1Vl6l~'fl'U~Vl~t'Wn11~h'Wm1L"'l1t1J"1l'fl~,~'W'Vi~tJ~'flLL'Uf'I~iJmi'elL:i'rl ~'Jf.i% microbroth 

dilution assay "1l'fl~~11~nl?l~1~~ vhtm~~h MIC ~~(;l1n~~ 7 

u\'l'i1~;1 7 LL~6l~~h MIC (mg/ml) LL~:; MBC (mg/ml) 'lJ'fl~~11~ri6lt'WLL~~:;n~lJ~'Jv'i1~:;~1f.J~LLf.Jn1~ 
~ ~ ~ 

~i~m1v'i1 partition ~'Jf.Jm')mLf.Jn 'Vl'Vl6l~'fl'UnUL:n'flLLUrl~iJf.Jritlhm1~ 3 "lIil6l 

60 

P. 40 10 20 60 10 20 

,aeruglnosa 

E. ooli 100 120 

.t. .t. ';'...... 0 

2.4 eJ~n1'iLb!ln~1'i~'ln"lf'U hexane Lb~:; "if'U CH2CI2 ~(;ltl'Jfin1'iVl1 quick column chromatography 
" I I I _ d~, o4~... loiCIf 

m1LLf.Jn~11"'l1n"ll'W hexane LL~:; CH2CI2 "1l~lJrn MIC 1?l1LlJ'elL'Vlf.JUnU 40% MeOH LL~6l'l'J1:IJ 

~'Vltl'Wm1~h'Wm1L"'l1q.j"lJ'el~ L~'fl,~'W'Vi~·tJl1i'elLLUrl~ iJwi'flL1f'11~~~~ 6l LI?lf.Jn11Vh quick column 
'" ~ 

chromatography ,r'W~1lJ11mLf.Jn~111~~~~lJl?I 13 n~lJ ~'fl "'l1n hexane 4 n~lJ LL~:;"'l1n CH2CI2 ~n 9 

n~:IJ ;'1ii~'fliJf.JmL~:;im~ru:;~'1LL~'Mt'W1?l111~~ 8• 

http:Jf.Jm')mLf.Jn
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..a.... ..J '1" 1 . .
6l1'n.:t'VI 8 LL~(1)'1~n'Mn.!:;"1I'il'l~11VlLl.t1n LVl'"l1n quick column chromatography ULLI;]~:;mpJ 

2.5 ~~n1'i'VI j;)~'fI'U q'VIttu n1'i1K1Un1'ib~'ir;y"ll'fl-3~~U'VI~~~'fI bb'U ,",cVii~!1 n'flL'i~Lj;)!I~1'i~nVlv1bbtln 
'1 ., ., i:. 
~~~1n"ll'fl 2.4 'VI-3 13 fractions (microbroth dilution assay #2) 

1un11Vl Vl~'il'UgVli"1um1~hum1L'"l1'1!"JJ'il'l'1~uVl1ul'i'ilLL'Ul"lY1lStlri'ilL1rllr'l 3 ~\lVl ~'ltl'lfi 
"X "..J " 

microbroth dilution assay "1I'il'l~11~riVlU'HN l"l1'lVl 2 '"l1n~11'i'l 13 fractions LVltl'U1'l fraction ~ 

LLU'lLUlJ~~1lJ1nl ~lun11L'"l1qJ LLI'i Ld'il~ Ll"l11:;~VlI'l~n~ LL~'J'W'U~1'll.i~1lJ11n~humn '"l1qJ'1.~'il£h'l~ 

,rtl~1~qJVl1'l~n~ 
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L~'tI nvh n"l~~ m~1 ~'Vlfl'lJn1 ~~1'lJn1~L~'hlJ"ll'tl'l L~'tl'~'lJ'VlrU~1 n~1 ~'I-n'lJLN Tetragonula 

• ., ~ ~ X ..IlL!'" "~ 0 'I i.:4I • .,. <V , ,,0 ~ X ~.,.
laeviceps LYl~1:::'J1 1) "II'lJtNLu'lJCNYl U-I~ L'VI~n ~'W Vl'h'lH~~'tI'lJ"'~1t1"''tleJ'Vl1n1~'Vl(?)~'tl'l 2) Lu'lJeJ'I'VllJn1~.. 

, ~ 


n1:::~1t1~'J'tI~vi'Jlu ~'I~:::(?)'Jn~'flmnnu~'J'flth'l LL~:::~1lJ1nl'U1~1L~tI'Il'lJn~'fl'l1~'VI1tl"ll'fl'W1~L~1:::l1~ 

~ ~ X 


~1t1 'W~Yl ~~n~~~Yi'lf'l LL~::: 3) i1 m~ihw1eJ'I LLfl:::Yl~'flYl'fl~~~1 n-n'lJLN~11-n'Vl1'1~1'lJtl1LLeJ'WLUnn.l~1 
,J odI "'1.J ~~.J J1:.1' "'u-- -- J'" 1:.1'.,.'W1'W l'I'J'Wn1nfl'flmnu ~'lJ1l'J'I LlJ'tt1t1'lJ'IJ'lJLu'W-ll'J'I'Vl'IJ1 eJ'I~::;~ L 'fl~L'1I'lJ(;1"ll'fl'l f'I'J1~"II'lJ'lJtltl LLfl:::'W1 eJ'I~:::lJ 

" " f'I'J1lJL'jflJ"ll'IJ~'I 

l'Wi'W(;1'fl'lJ"ll'fl'l m~~nf;l'flU1'1'V1t11Ut!'lJ L~'tInl-n~1LLfl::: EtOH LtI'W~'JVi1fl::;~1t1 L~'tI'I~1mtl'W 
J_ , ~ ~ . I 0., .J , 0 'I !:"I "'I " 'I .J ../ .!'I" 1: X .,.

l ULLUU'Vl'WtI~~"1! ~'lJ"lI'J(;1u~:::~1'J'W Lll'lJ ~'lJm~'Vl1"ll'WlJ ~"1! ~'lJtl1'V1~'fl L"1!eJ~~ L'lJLM'fl'l(?)~ Lu'lJ(;1'lJ LLfl:::'lJ1eJ~lJ 

i n'ttn.l::: LtI'W'll'fl'l L 'VIfl 'J~i1~1Ltl 'lJ'fl 'I r1u~::;n 'flu'VIin ~'I~'lJtl~ r1U ~::;n'flU~'fl'fln ~'Vlf~'I"h ~::;Lt1'WYl'J n~ iJi'J 

th~hJlJ1nnu'tltl 

~1ni'W(;1'fl'W"ll'fl"n1~~nf;l~1~~n(?)YlU~1 L~'flvhn1~ partition ~'Jtln1'JmLtlmL~'J ~1~~nf;l~1~ 
IV '" 1.1 cI ,J", II I ::J'

Vlfl~~1n1:::L'VImL'VI"LLfl'J ":::~m~1(;1~'fl'l~1~'Vl(;1'fl~n1~1'lJm~1ru'lJ'fltl Lf;ltl"l:::YlU'J1 'lJ1eJ'I 90 9 ~1lJ1~Cl 

1~~1~~n!1l~1n MeOH 75 ml, CH2CI2 0.3 ml LLfl::: hexane 0.2 ml (;11~~1~U ~"~'tl'lVi1n1~~rif;l~1~ 
~0'l"'" 'I ~.J ~~"" "!.f.!! 1:.1'.f.!!

Vlfl1t1f'1N'Vl1 t'VI L~m'Jfl1 ~'Wm~'Vl(?)~'fl'l L(?)tJ'Vl~1lJ1~mLn L"ll L!1lmtJm~LYllJu~~1ru"ll'tl"'lJ1eJ'ILLfl:::u~~1n.1 

~ " .J"!:"I <v" 0" i.:4I " J .,., • I 'I<V <V <V

'jfllN~1~(;1~(;1'W'Vl L"II ~'lJm~~n!1l n~:::'Vl1 L'VI L(?)~1~~n!1l'VlLYltJ~Yl'tl(;1'flm~'Vl!1l~'tI'I LL~:::u~:::'VItJ!1lL'Jfl1 ~'Wn1~~nf;l 

1.1 A.<CII l.c:f" :: J' 
"1neJfln1~'Vl!1l~'fl~n1~'Vl !1l~'flU(?)'JtJ'Jfi paper disc diffusion assay Yl'll'J1 ~1~'tl'fln~'Vlfi ~'W'W1eJ'I 

~ ~ 

"1!il!1ltl~1~1~ClYlu'flul'W~1~~ri(?)'flU1'1~tJ1u 96% EtOH LL~llJYlul'lJ~1~~rif;l'flU1'1~tl1U"ll'fl~,J1 LL~f;l'l~1... 

~1ffi'tln ~'Vlf~'I n~1'J~'lJ~1lJ1~Cl~::;~1t11~'lJ~1~~:::~1tJ~LtI'lJLL'flfl n'fl!1'fl6 ~"i1 f'I'J1~i1i'Ju'tltl n~1~1 LLfl::: 

~1nn1~fl'Wf'I')1YlU~11'IJi'lJ(;1'fl'lJm~~n!1l~1~1n~1~~~'lJ~'J'lJ1'V1Cljl!n~:::H EtOH ~1't1 MeOH ~:::'Wr1'fltl 
~ ~ #" 

"'fl.Jn1~1-n,J1~n(?)L'Yhl(?)un LLfl:::'lJ'fln~1mr'lJ "l1n'l1\J~4'tI"ll'fl'l Molan LLfl:::f'ln.I::; ti'ln~1'J~1~1~'fl'tln~'Vlfi 

LtI\J~1m~~ phenolic compound ;'ILth.!~1~~~f'I'J1~i1i'J~1 ;'I~1~'lJi1i'JlJ1n~'I'W"h~YllJ~1ffi'tln 
~'Vlf~"n~1'Jl~ [15] 

"" " ,. "I
'flth~VltI1lJ 96% EtOH ''If'fl'l-W1~'I"IIil(?)tliJ~'Vlfil'IJn1~~1'lJmn~1'1J''lf'fl'U;'fl~1't~ ;~~1~~rif;l"1n 
"" I "fi~~lJ"1!1~u\Jl!n 'WYlU ~'Vlfi~'I n~1'J ~1n L 'YbIf;lun LLfl:::L'VI [;J eJ~VillJ L~'fln L;'fl~1~1'Vl f;l~'fllJ ~'tILYln::: 

~ ~ ~ 

~::;tI::;L'l~11'Wn1n~tI'I"ll'fl~L~'flnu'lJ l-nL'Jfl1~1nn~1C1'1 3 rj''W ~"Vi11,xm~1~4'tI 'W~1~1~Cl~1Lil'W'I1'IJlu 
~"" Go' ~ ../ cl dI .J ~,~ J' , ,", 'I J 0 X ~, .,
~f;l·M'fl~1 nU"lf'lJ(;1't1'lJ'fl'lJ "~L~'tIn'Vl'"I::; L~i"1n'tt1L"l1't1n(;1'fl LL(;1n'lJ1~'lJ L~'Vl~:::'lJ1L"1!'tI~1~1i"1n'tt1(;1'fl LYl~1:::tI~ 

~f'I'IJ~ n'tt1'fl~U'fltl LLfl:::~'J'W1'V1 Clj"l:::~n'tt1 LVitJ'I~1~~nf;l'flU1'1'V1t11U L'Vh~'W ~"Ll1'V11n ~n'tt1C1'1 LflN~~'1 
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<>I ~J' .J l.< .... ~ ~l.< olltl'" ~ '" '" .. 
Vl1~Lf'll-J~'e)~U1CJ~ YI~1l-J1~ClI?l1Un1~L'"l~qj~'e)~L"lI'e)~1 L"'m'"l'"l~~1lJ1~ClU1 L 'V'lIij,JU1LuU~~I?IJ1ru"YI 

... "." o",J; .. .?I~l.<
Yl1~L~/tm b'VIlJ bUn11n1"'1"'L"lI'e)nLuU L'" 

"nnCJ~n11Y1"'~'tl,m11Y1"'~'e)U~')tI% microbroth dilution assay 'V'lU~1 L~'e)LLUf'lVlL~tlLLn~l-Ju')n 

~ . 
~1lJ1~Cl4'unUCJ~~L"l!~~~tl~LLUf'lYi~tJ't~~n~1LL~~LLYlm~l-J'ttltT~LEi'e)~l-JL"l!~~~'e)~LLUf'lYi~tI LL~~';hl~LtI'e)• 
11 IS' c4.=& '3 't cJ ~ ".... Atv d
'VIlJL"l!~~~tl~LLUf'lVIL~m~tI~J11'V'lLL~~1?I1t1 tl1.UYI~'" "l!~~~~'tl"'f'l~tl~nU~1U')~tJ~'tl~ Koru LL~~f'lnJ~ YI~1~ 

'" 
fl n"'~ 1lJ1~[l~hUn11L'"l'iqj'1l'e)~ L~'tlLLU f'lYi ~tlLLn~lJU,)n1~~ n~1 LLU f'lVl ~tI LLn~l-J~U [16] 

~1nCJ~n1~YI"'~'a~n1~YI"'~'tlU~')tI~ microbroth dilution assay 'VI~~~1nvh partition 'YiU~1 
~ ~ J':',. ., ..J<QI!', ~ ~ ".:!i ~ 

fl1ffi'tln~Ylfi~'tl~U1CJ~uu'tlfJlun~l-J'1l'tl~~1~~:::~1t1Y1lJ~,)1?I'1 uunf'l'e) hexane LL~~ CH2CI2 "l!~~~ 

fl'a"'f'l~'tl~nU'VI~1t11 ~1u';j4'tJ~mh,)~1 ~1~'tl'tln~Ylt1.un1~~hun1~L~'iqj"ll'e)~'1~uYl1uLilu~1m~lJ 
phenolic compound ~~Lilu~1~~ijf'l,)1lJiji,)~1 

'VI~~~1n~1n1~LLtJn~1~1~ijf'l,)1lJu'i~Ylt~')tJ';jfi quick column chromatography LL~,)U1'ttJ 

YI"'fl'e)u~Yltlun1~~hun1~L~1'1!"ll'e)~L~'tl'1~uYl1U~'tlLLuf'lYi~tln'e)L:i'flLL~,)'V'lU~1 ~1~~n"'LL(;]~~ fraction 

'Wil ~Yli~'m~1,) LL(;]'VI1 n-w~1~ru1~1n n~TyJ LL~,)~~'V'lU~1ihLU') L lJlJ 1.UU1~ f'l,)1l-J L ;)l-Jifu LL~ ~LVitl~U1~ 
'" .. ~ 

fraction Lvh~ULL(;]'t3Jii~m~1ri'1!Yl1~~n~ 'tl1"'1~:::LiluL'Yi~1~~1 fl1~'tl'e)n~Ylfi~'W'Il1~:::~1~1ui,)lJn'W~~~::: 

~1lJ1~[lil~Ylt~~n~1,)'t~ ~~~tJn~1 n1~'tl'tln~YltLLuuL~'il-JnU (synergistic effect) L"'tJ~'"l~~'tl"'f'l~'tl~ 
.J I do 0 • • .....

nm1'W~'tl~ Koru LL~~f'lru~ [16] Yln~1'JCl~n1~Yl1~1'WLLUU synergistic effect '1l'tl~~1~~n"''''I1n 

'Yiffi'Yi'tl~ ~ ~1 Lilun1~~1~1'Wi'Jl-J n'W~/M'VI~1t1'e)~ ~tI~~n'tlUn~"'I:::fl1lJ1 ~Cl ~1'Wn1n"'I'iqj(;]'tlLLU f'lYi ~tJn'tl 

L~f'l1.'W"1l'e)~tl1n't~ 
" 11 , I 11'" '" ~1n~1u';j4'tI~uil~11~L~'W~1 ~1'W';j4'tJ:n'Wum~ Lilu'VIil~1.'W~n'VI ~1tJ~1'W';j4'tlYi~1~L~'Wn~ 
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~..r"'i' " 
U'H·J'I"l!U~N Tetragonula laeviceps 'il1 n~n'l1'(;l~u'Vl'U~ ~1a.J1HltTUtT'I n1 :i'L~U L~"lJt1'1• 

Micrococcus luteus, Pseudomonas aeruginosa. Escherichia coli, Staphylococcus aureus LL~:: 

methicillin-resistant Staphylococcus aureus (MRSA) ~1U'JU 4l'ilL"l!L~~ l~LLri MRSA 20645, MRSA 

20646, MRSA 20651 LL~:: MRSA 20652 1~~tU:i'::~'lJ'1I'il'l~1:i'~ti~'ilU1'1V1tJ1UL~'il~ri(;l~'JU CH2CI2 

LL~:: hexane LL~Lil'il-W1~1:i'~ti~;r1'1~uhJ~ti~'lJ1~'VIfa.J1n~u ""'lJ~1il~'VIf~1U,~u'Vi~u1~,J'ilu~'1a.J1n ~'1 
'il1~LtluhJl~~1~1:i'~'il'iln~'VItlun1~~hun1:i'L~1'lJ"lJ'il'l"~U'VI1tf,rU'il~tUltlLL'lJU"lJ'il'l synergistic effect 

tV :'.J ... ell ~c.I .c:.. ~ ~ J' t" oIClrio oQ c:I.. " 
"''1UUL~'il~1:i'~n~'VI V'la.Jf'l'J1a.JU:i'~'VIfi~1mN"lJUf'l'J1~~1a.J1~r;] Un1:i'~1Un1:i'L~HlJ"lJ'il'l'~U'VI:i'U'il::U'ilU~'1 

1tj~'Ju 

o .J ::J'" ~o.J oJ:' ,",0 

FI'J:i''VI1n1:i'LLtln~1:i'L~tJ'J'il'iln~1~1nU1eN ""ffi~'VI'I1il1LLUn"l!'il"lJ'il'l~1:i'L~mUU LL~'JU1'V1~~'il'lJ 

~'VIt~1u,~u'VIffi~L~'iln~n~~nFlf'l 
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