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"ll'W11Pl"lltJ\1161l'Wn11il'U~\111PlCJ1fi Agar well diffusion method fl11V11tl~mtu"lltl\1~11~1~1Pl~ii']'Vl~ 
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ot:::t. .<::~~oCiirt. lCt ~ ~ I I J' I I lCt 
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ABSTRACT 

This study aimed to investigate the antimicrobial and antibiofilm 

activity of Artocarpus lakoocha extract against oral pathogens by in vitro study. 

Antimicrobial activity of A. lakoocha extract was performed using an agar well 

diffusion method. Minimum inhibition concentration (MIC) and minimal Lethal 

concentration (MLC) were assessed using a microdilution method of the Clinical and 

Laboratory Standards Institute (CLSI). A time kill assay was also determined. 

Antibiofilm activity was investigated using a 3-[4, 5-dimethyl-2-thiazolyl]-2, 5-diphenyl-

2H-tetrazolium-bromide (MTT) assay. It was shown that all tested strains were 

susceptible to A. lakoocha extract with variable degrees of inhibition zones. The 

extract was found to be effective against both bacteria and Candida species. Previous 

study showed MIC ranging of bacteria from 0.10 to 0.39 mg/ml and minimum 

fungicidal concentration (MBC) from 0.10 to 3.12 mg/ml. In this study result showed 

that Candida spp. MIC ranged from 0.05 to 3.12 mglml and minimum fungicidal 

concentration (MFC) ranged from 0.10 to 25 mglml. The killing activity depended on 

the time and concentrations of the extract. A. lakoocha extract acts as a potent 

antibiofilm agent with dual actions, preventing biofilm formation and eradication the 

existing biofilm. Results suggest that A. lakoocha extract is a potential source of 

natural anti-oral pathogenic bacterial agent, which may be useful for prevention or 

treatment of oral infectious diseases caused by certain oral pathogens associated to 

dental caries, periodontal diseases and/or candidiasis. 
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'U'VI\.11 

m~E;1UJL~md511'1 (Remineralization) "il'WVhu~nru~1LFl~tlU~'W (Enamel) Vl~tl~1'WL.fltJ~'W.ff'W1'W 
'IJ v • 

(Dentin) t:lflVh!;11~ntJ1~Lii~~tJ.:~~'Wan ~ vt~tltl1"ilml.lhHi.:~u~nru~1fl~'W (Pulp) ~1'WhF1tl~~'WI'i 
'IJ 'IJ 

eJflLE;1ULtJ'WhFl~Ln~~'WflUL-fltJL~tl V!~tltllm~~tlU~ {9)1~'1..1 L"li'W LV!~tlfl L-fltJL~tlU~~'Wii (L.fltJL~tl 
~1'W~V~~1fl~'W) LL!;l~Fl!;lm~1fl~'W L tl'W\9l'W E;11LV!I'l"l.lm 1 ~Fl~'Wt:.JLL!;l~ 1 ~Fltl~~'Wii~1'Wl.l1f1Ln~"il1fln1~ • • 
~~L~tlLLUFlViL~~ 1~~LLUF1ViL~~~Ltl'WE;11LVI9lVI~fl"l.ltJ.:I1~Fl~'W~~IA'1~qJ1~LLtlL~tl Streptococcus 

mutans LL!;l~ Streptococcus sobrinus ~1'WLLUF1ViL~~~Ltl'WE;11LVI9lVI~fl"l.lm 1 ~Fltl~~'WiieJmE;1U 

1., ,,.r l 
~LLflL"lltl Aggregatibacter actinomycetemcomitans, Fusobacterium nuc eatum, 

Porphyromonas gingivalis, Treponema denticola LL!;l~ Tannerella Jorsythia 1
•
2 

Ltl'WI'i''W 

'Wtlfl"ii1fl~fl~11oU1.:19i''WLLiK1fl1~~~L~tltl1~1Bfl1E;1 (Opportunistic lnfections-Ois) nLtJ'W~flV!~.:I 

UqJV11~'V'IUL"ileJ1~'lJtJ~~ LL!;ld:i~mim~ru~L~l.l~.:I~'WL~tl~~ 1~LLn hF1~11'Wtl1n (Candidiasis) 

tJ~~l.llW 90 LtltJ{L~'Wii"lltl.:l~th~ 3 LL!;l~tl1"ii'V'IU1~'W~th~bFll.l~L~.:I ~E;1.:1tl1~ ~tht1LU1V!11'W V!~tl~ 
'U 'U 'U'U " 'U 'U 

m~.YumtJ~~1'W~L tl'WL1(;ll'W1'W L ~tl~Ltl'WE;11L Vl9lVI~fl"llm 1 ~F1~11 'W"IitJ.:IU1fl1~LLtl L ~m11 'Wfl~l.l 
Candida spp. ~.:~tln~L ~tl"l!U~d"il~'V'IU 1~vi'11 tJ1 'W~1.:1fl1~l.l'4~VU~L 1W~1VIU.:I 'Vl1.:1L~'W't-11~ 1"iJ 

'Vl1.:1L~'Wtl1VI1~LL!;l~~~UU~U~'Wi5 E;11~~'W5~v\'1 1 ~Ln~m~~~L ~tJ1~'lJtJ~Pitl Candida albicans LL~ • • 
rl'V'IU Candida E;11~~'Wq~'W~ (non-C. albicans) 1~'lh~tl~1~ L"li'WL~~ .C. dubliniensis, 

C. tropicalis, C. glabrata LL!;l~ C. krusei 4 ~.:IU"il~'IJ'WijLL'W11ill.l~"ii~L~l.ll.l1fl~'WL~tl~~ 1~mu'V'I1~ 
L~tl C. dubliniensis LL!;l~ C. glabrata "ii~'V'IUL"iltJ1~'lJtJ~~'W1'W~th~hF1 Candidiasis5 'Wtlfl"ii1fld 

tl.:I'V'IU11L ~m11 'Wfl~l.l non-C. albicans tl.:lijtl'IJ~m~rum~~tl~tlmtlf1~1'W~m m 'Wfl1~.Yfl~1L ~l.l • • ':.I 

l.l1fl~'W 1~mu'V'I1~L~tl C. glabrata LL!;l~ C. krusei ije)l'l~1fl1~~tl~tlm'V'I!;l1Fl'W1161l'W (fluconazole) 
'IJ 

tJV1.:1L ~'W 1~off~6 • 7 tl1fl1~ 1~~vi'11 tl"l.lm~th~~Ltl'WhF1~11 'W-dmtl1n ~th~"ii~U~1fl!J L~tl"l.l11 ~ V!~tl 

LVI~tl.:leltl'WU~Ldru~'W m~~.:ILLtll.l L~~n-:!1 6111.:1 vh1 ~~th~~~fl1~E;1U1~U~nru-dtJ.:IU1flLL(;l~cl'1Fltl 
• 'IJ 'IJ 
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6'11";ivi1 m 'Uf11";i1'm~nLL'GH~DtJ~n'U hf11 'U"!itJ~thn 1~LLrl f1Glm~n61i~'U (chlorhexidine; 

CHX) t;1m.J11n1i'Vl1~fl1";iLL'V'fVI~~~LLI'i ~-~- 2497
8 f1Glm~n61i~'Uiltb~~'U'Jfl iln'Vl~~l'itJLL'Uf1ViL~V 

" • "I 

LLfl";ilJ'IJ'J fl G'f'J'ULL 'Uf1Vi L~V LLfl";ilJ'Gl'U LL'Gl~ 1 11'6'1'U1~"lJU~iJ~'Vl~'lh'Ufl'G11~ (V fl L i''UL ~tllUJ 1 ";if1~~~'Vl~'iJtJV) 

LL'Gl~~~il~m~ntitJvl'im~~";i1 (vm1'1..11~~G1~1'itJ Candida) 1'Uf11";itltlfl~'Vl~f1Glm~n61i~'U~~ h.Jvh 

'l..l~ fi~mnumr~ L'l!Glci""UtJ~L ~tJ~~'U'Vl~~ eli~il'\.J";i~~Glu~f111lJL oUl-loU'U~16'11";i~~il~'Vl~1 'Uf11";ivu8~ fl1";j 

L~~ruL&iu 1\JI 1~v 1 '\.J";ium'l..lm";i~1'ULoU1tJtJfl"lltJ~6'11";i~L~m~lJL'l!Glci"vh 1 ~Ln~m";it'J"llm6'11";i LL'Gl~vnn 1 off ... . 
f111lJ L oUlJoU'U6'1~~'U6'11";i~~ilfl'Vl~1 'Uf11";i~1 L ~tl~~'U'Vl~V1~ 1~V6'11";i~~ L oU11 Ufl1V 1 'UL'l!Glci""UtJ~L ~tl LL'Gl~ 

" "I • 

(Jifl\JI~ntJ'U6'11";il'11~~ 1 'U 1'll 1\JI~G116'16lil..lvh 1 ~L'll'Glci"\JI1v 9 • 10 
1 'U'Vl1~'1..l~u&iuvlJ 1 if1GltJL~n61i~'U 1 'Uf11";i~1 

b~tl 1 'U"!im'l..l1flLLG1~ L\JI~Vl.Jf11";i~1~~ 1~Vf111lJL oUlJoU'Uvtl m 'U'Vl1~Vl'U\Jifl";i";jlJ fitJ 0.2 bL'Gl~ 1.2 n1'l-l 

L'l..ltJ{L~'Uii G'i'J'Uf111lJLoUlJoU'Uvi'liLtl'Utl1V1U'J'UU1fl 1'Uf11";i'Vh mouth care fitJ 0.12 n1'l-l 

LUtJ{L~'Uii 5~LL~11f1GltlL~fl61i~'U~~iJ~'Vl~1 'Uf11";irJ'\J8~L ~tl 1~~ LLI'iniJ.Um~V fitJ tl1~'Vh 1 ~bfl~f11";i 
";i~f11VLfitJ~I'im 'V!~tlfl LL'Gl~L.nm~tl 1 'U"!itJ~U1fl iJ";iG'I"lllJ LL'Gl~'V!1fl 1 off&i~l'itJn'ULtl'UL 'JG11'U1'Utl1~vl11 ~f11";i 

LU~V'U~"lltl~~'ULL'Gl~~'U1~11 ' 12 

NaF) Ltl'U6'11";i~il'\.J";i~~Glu 'V'lG1tJtJhl'l~~vh'l..lnfi~mnuLLf1m6livl..l (Calcium) 1~m'l..l~v'U~~n"lltJ~ 
• " d.J 

Lf1~tl'U~'U 1ll~";itJfl611tJ~'I..l11 'VIii (Hydroxyapatite) 1 'l..lLtl'U'V'l~tltl 1 ";itl~'l..l11 'VIii (Fluoroapatite) 

LL'Gl~ 1ll~";itJfl611'V'l~tJtJ 1 ";itJ~'I..l11 'VIii (Hydroxyfluoroapatite) eli~ilf111lJL6'1~V";il'itJf11";in~n~tJ'U"llmm~ 

'Utlfl~1 ndv~ L tJ'U~'JG'f~ LG'I~lJ 1 ~Lfl~f11";i6'1~6'1lJ LL ~i5"1\Jifl"''Ufi'Ul-l1 (Rem i nera lization) LL'Gl~ vu8~f11";i • 
Gl~G11V~'J"lltl~Ldcr1\JI (Demineralization) "llm~'J~'U ~1flf11";iPimn~G1L~VLL'Gl~~GloU1~Lfiv~"ll~~f11";i • 
1 otl'Y'l'Gltltl 1 ";i\1l~u-J1 f11";i 1 otl'V'l'Gltltl 1 ";i\1lt11~vl11 ~btl~ 1~~~~GloU1~LfiV~"lJU~LiJV'U~"''ULLG1~ L~t11'~ ~~d 

" " 
~'UtJ~nuf111lJL oUl-loU'U"llm'V'lGltJtJ 1 ";i\11LL'Gl~";i~v~nmffi~1'u 1~vuruVJ1~~umn~6'1~ 1 'U"!itJ~'I..l1n fit1 

\.1 cu Ql .. 

L~'U'Vltl'Gl 'V'l'Gltltl h61i6'1 (dental fluorosis) 'V!~tJVJ'U\Jiflm~ 1v~ilf111lJL~V~~tJ'UoU1~6'1~fitJ i'm~n 
" " 

~~,!'Uf11";i 1 otl'V'l'Gltltl 1 ";i~L 'UL~ n~~ L tl'U~~~~tl~";i~lJ~";i~l~ L tl'Ut1~1~~~ 
" 

'Utlfl~1fl~ fl~11lJ1 LLiK'J f11";i 1 otlVTLI~~'J'U~V ~ L tl'Ua fl'Vl1~ L~ tlfl 1 '1..1 fl1";i1' m~n 1 ";if1&i~ L ~tl 

1'U"!itJ~U1fl L"li'U fl1'U1lJ1V61i'U (Kanamycin) Lbd'U1f1l-l1Vitl'U (Vancomycin) L~l-l1'Y'lL'VltJ~itl'U D 
(amphotericin B) Ltl'U~'U LLI'ifl1";i1-tlm'l..l~~'J'U~1~vhJL~tJfl'V!~tJ1-tiLtl'ULd'G11'U1'Utl1~ritJ1~Ln~m";i 

'l..l1'u~'J"lltl~ L ~tl~~'U'Vl~~~'U Lfl~ f11";i~tJI'itJV1 1~ 'V!~tltl1~G'f ~~G11 ~ L ~tJ~iJtJ~ L~lJ'V!~tl L ~tJU ";i~~ 1~'UG1 ~ . " 
~1'U'J'UG1~vi'11 ~L ~tJ~tJ m LL'Gl~ L ~mnv 1tJf116'16'11lJ1";im oU1lJ1 LL 'Vl'U~LL'Gl~ L~tJil'l..l~mru~lJ1fl n6'11l..l1";it;1'Vh 

1~Ln~hf11'U"!itJ~'lhn1~ L"li'U fl1";i&i~L~tJ Candida albicans 1'U~U'JV~1iv1L\JI\JI~1ivf1~'1..1Ltl'U 
" 
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tlfl~'d'U::~\1 Ltl'U~i?l'U h"lleJ'I'I!n1'Vlm!Zl1l?l(91{ 1lvm1f.l ~ m1Pin~1'V'jtri11?t11tl1::nm.J 1 'Ui?l11i?l~'U 1 'V'j"Ji:l 

~'Vlt1 'Ufl11~1'Uf'l')1lJL~'I.JU')f.J "j'"Jl.Jfi\11 -til 'Ufl1"j~fl~11 "jf'l~(91 L~eJ 1~\tl'UeJ~1\I~ tl"J::fleJ'Utl'U 1 'UU"i1 ~U'U 

L ~eJ"i1~'U'Vl~~1ifl11~eJf.J1 L ~lJlJ1fl:fi'U LLG'1::U1"i1::1l LL 'U') 1 UlJL ~lJlJ1fl:fi'U~')f.J VIG'11f.J fl11Pifl~1'V'j'I.J11l?l11 , 
Vlmf.l ~ "lJU(911 'Ui?l~'U 1 yj"Jil~'Vlt1 'Ufl11~1'UL~eJ~~'UVJ~f.J1~~\I L ~eJLL 'UrtVh~mLfl1lJ'U'"Jfl LLfl1lJG'1'\.J LLG'1:: 

L ~el11 ~\IJ'Urt'"J1l.Jyj f.J1f.J1lJ 1 'Ufl11V11i?llJ'U 1 'V'j"J L Ylmbf.JG'1(91el'U(9111f.J"i11fl t:JG'1oU1\I L~f.J\I"lleJ\Ii?l11 Lrt1J LLG'1:: f.J 1 , 

Ufl~'d'U:: LLG'1:: 1 iL tl'Ui?t11~\I~'U 1 'Ufl11t:J~(91~'"Jf.J1"lJU(911 V!lJ~\ILtl'U~i?l'U hlJ1fl~\l:ft''U 

eJ1TI'Vlrt1{Ul?l mrt"ll1 (Artocarpus lakoocha Roxb.) Vl~eJlJ::VI1(91LtJ'U1~~'U~'UeJ~ 
~ ~ 

1'U'"J\1Pl Moraceae i:l~'Ufl1LU(91lJ1"i11fl'Vl1tlLm~f.l1~ 'V'j'I.J:fi''U(911lJU1(91\I~'Ufi\ltl1L'Uqj"i1'V'j"J"Jru~'U ~1~'Ui:l 

"ll'U1(91fll;'11\lfi\11VIqj ~\ltl"J::lJ1ru 15-25 Ll.Jm Ltl'U1~t:..~~(911 'U LU~eJfl'UeJfl~L'Vl1fi\IJ1(911G'1U'U~1LL(91flLtJ'U 
i?l:: Lfl(91 L~ fl ~ tl1~'\.J L tJ~ eJfl"i1::1Jm\l~"lJ1'"JVI~eJ"lJ1'"J U'U L Vl~eJ\I"!ilJeJeJ fllJ11 'UU 1:: L 'Vl!Zl1 'Vl f.J'V'j'I.J'I.J ~ L ') Ulfl1rt 

(91::-J'UeJeJflL5f.J\11~ fl1rt(91::-J'U(91flL5f.J\11~ LLG'1::fl1rt1~ 6i1\ll?l\l"i11fl1::~'\.JJ1'Vl::LG'1 100 fi'l 400 LlJ(911
14 

~ 

~eJ~Ltl'ULrt~eJ\Im"lleJ\IlJ::VI1(91L~f.J n11 "U')fl'Vf1(91, L(91~f.JlJ 1~"i11flfl11'111 LeJ1 LLn'UVI~eJL tl~eJfl1~lJ::Vf1(91 

~uLtJ'U~'UL~n ~ ~lJL~mnuJ1"i1'ULn(91'V'IeJ\I ieJ'U'V'IeJ\11i?t"l 'U~1"1J1')'\.J1\I vh 1-Hl?l::L~(91J1 LLIK1'111lJ1(911fl1-H 

LL -H\I"U:: 1~t:..~\I~'U')I;'1~'\.Jtl'ULtl'UtleJ'U "i11fl,r'U'I111 tl~1\11 'V'I"i1'ULVI~eJ\IL~f.JfltleJ'Um~d11 "U')fl'Vf1(91, 15 

-Hmtlfl~fl11 fl1rtl"ll11eJ~~l'Vlf.J1 rtt'IJ::Vl'U(91 LL yj'VJf.J!Zl1l?l(91{ lJVI1l'Vlm~ f.Ji?l\l"llm-

-'Urt~'U'Vl{ 1~v'i1m1Pin~1 L deJ\I~'UL~f.l'"J ti'utl1::~'Vl5m'V'j"lJeJ\Ii?l11i?l tl(91eJ1TI 'Vlrt1{Ui?l G'11rt"ll1 1 'Ufl11 
~ 

ri'u~\IL~eJ~~'U'Vl~~~Ltl'UG11L Vl~"llm1 1rt 1 'U-deJ\Itl1fl'V'j'I.J11i?l11i?ltl(91"i11fl~'UeJ1TI 'Vlrt1{UG1 G'111!)"1!1 i:l~'Vlt 
1 'Ufl11rJ'U~\IL~eJrieJ 1 1r1 1'U"lieJ\Itl1n1~~\1(91111\l~ 1 ~\IJ'Um1Pifl~1~'Vl~"llmi?l11i?ltl(91eJ1TI 'Vlrt1{UG1 m 

rt"lJ1 1-HG'1:: L~f.J(91~\I:fi''U~\I L tl'U~U1i?l'U 1 "i1eJ~1\IlJ1 fl L vJm tl'UVI~\11 'U~'"J L~eJfl~"i1::'\l1lJ11 iLL 'Vl'Ui?l11 Lrt1J 
~ 

Vl~eJ f.J1Ufl~'d'U:: LLG'1:: 9) eJf.J eJ (91 fl11 Pi fl~1 L~lJ~1JeJ ~ 611\1 eJ1"i1G'1 (91t:JG'1oU1\I L~ f.J\IVI~eJ L ~lltl"J::~'Vl5 f11'V'j"lJeJ\IG11 1 

m-HeJ~L~lJ1~ 
~ 
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~1'n.:l~ 1 bb"'~~n'Vl~"llm"'1':i"'n~eJTfl 'Vlfll1~U"' 6'11W1l1 1 'Wn1':iV'U~~b ;ffml~'W'Vl~~~dJ'W"'1 b 'vWl"lleJ~ ul 'U 'I 'I 

1 ':ifll1 'W'IieJ~thm dmlii''W 

" "' "' "' 1 Bli'LI nTnJ'U v.:~ fll11:Ub "tt:U"tt'LI"ttel.:l~1':i~n~ 

"' ~ ,f .... ... ~ 
(il~~b:U~'l) <il~~n~:u~elil~~~~'l) ~1'l'W'Lii5b 'tiel lil~'LI'Vl'lfl • • 

MIC MBC 

" .. ... ... .... 
b 'tiel bb 'Ufll'VI b 'lfl'ti'LI~ bbn'l:U'U1n 

5. mutans ATCC 25175 30.5±0.00 0.10±0.00 0.20±0.00 

5. sobrinus ATCC 33478 16.0±0.35 0.39±0.00 1.56±0.00 

E. faecalis ATCC 19433 18.2±0.00 0.39±0.00 3.12±0.00 

L.fermentum ATCC 14931 17.7±0.35 0.39±0.00 0.78±0.00 

L. salivarius ATCC 11741 15.0±1.41 0.10±0.05 0.78±0.00 
,f ...... .... 

b 'tl e:Jbb 'U fi'VI b 1 fl '!I'Ll ~mn 1:1.1 ~ u 

P. gingiva/is ATCC 33277 21.0±1.41 0.10±0.05 0.10±0.00 

P. intermedia ATCC 25611 30.5±0.70 0.20±0.05 0.20±0.00 

P. nigrescens ATCC 25261 25.5±0.70 0.39±0.00 0.39±0.00 

F. nucleatum ATCC 25586 30.7±0.35 0.10±0.00 0.20±0.00 

T. forsythia ATCC 43037 29.0±0.00 0.10±0.00 0.20±0.00 

A. actinomycetemcomitans ATCC 33384 29.5±2.12 0.10±0.00 0.20±0.00 

enft 'Vlfll1~u"' m~"l!1 btluvh"'~'W 1 'V'I':i~'V'I'U~1 hfl 'Wtl':i~b 'Vll"'1 'Vlfl lim':i'l11~1'W~1~ ~ 

"lleJ~Iii''Wmft 'Vlfll1~u"' Gnfll"l!1 1.n1 offtl':i~ 1fl"ll'W1 uvrmfl ~~1'W~~m':ineJ"'~1~ n1':ib~fl~~~1 vr~eJ'Vl1~m I ..., 

~'WU1'W L'li'W tl1f1'V!1~1~t:ln'l111n1offbtl'Wfl11'Wm':i~1fl'V'Im51~b~eJ'W 'V'Im5~1~~ bbnVfmB~b~eJ bbtl 
I \1 

h':i~,;fl bbtlb~eJen'V!1':i bbnm~vr1fltl1 bbtim.'WVfeJ~ bLntl1~ bbtlc;'l:U off'U1c;'l~91 bbtlU"'"'11~m~tl~~m~ 
tl':ieJfl vr~eJ'l11t:N:U1c;'l~c;'l1 fl n'Utl1'Vl1 bbnt:.~~~'W~'W ~~ 1~ij n1':i~f1~1V'WV'WLb~111"'1':i"' n~~1n bbtl'Wiii''W 

enft 'Vlfll1~U"' 6'11~"1!1 ii~'Vl~~eJ'V'Imhl u 1~16 bbc;'l~'V'Im5~1~~ 17 tl~:u1ru~bvr:u1~"':u 1 'Wn1':i~f1~1 

'V'1m6~1~~ f>1e1 3 n~:u fi~bb~~~iimm':ifll~'W1~u1~ bb~rh.Wfl~banifeJfleJfl1 'Wbnrusv'i~fJeJ:u~'U 1~ ~~d 
\1 

I 
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oxyresveratrol (2,4,3' ,5 '-tetrahydroxystillbene) "lt~-;ij'I'I'EJ~L'Ufl~l.l6'11';i6'1~6'1{h.J'Elt~~ 18 1fl';i~6'1~1~ 

1l.JL6'1~6'1LL6'1V1~~~ 1 'U~tJ~ 1 6'11';i"ll\ll'ldi1'1'Vl~'Vl1~·~h.fl1~~~1~qjl.l1fll.J1tl 1Vlt~1 'Ufl1';i~fl'I~1'1'Vl~"ll'El~ 
oxyresveratrol mr"i'li1~ru6'1l.lllii L tl'U antioxidants 1Vlt~6'11';i"il~i1'1'Vl~tl1'Ufl6'11~ 1 'Ufl1';i~1'U 

"' 
superoxide anion radical, free radical, singlet oxygen LL6'1~6'11l.l1';i{lEJ'\.JEJ~ lipid oxidation 

1 'U6'1l.leN"lleNVI'ULL6'1~ 1l.l 1fl';i 1"1ll.l (microsome) "lleNVI'U 1~19• 20 'U'Elfl"il1fld6'11';i oxyresveratrol Ei'~i1 
~ ~ 

'l'Vl~1 'Ufl1';iEJ'I.J~~ L'El'U 1"11~ tyrosinase Bit~ L tl'UL'El'U 1"1l~~i1'U'Vl'U1'Vl1 'U fl1';i6'1~1~6'11';iL~V1~~1VI~mJ1\9116'1 
1 'U~1VIti~ LL6'1~ LG1'U~l.J 21 -23 LL6'1~"il1fl fl1';il-;ijt~dL'EJ~tifll'Vlti1!3116'11Pl{V16'11tl ~vl1'U~~ L if'Ufl11l.l6'1'U 1 "il1 tJ1 'U 

~1'ULfl~'El~~1m~·~ht~1~~1"ll11 B~t~~'UrJ16'11';i oxyresveratrol "il1fl6'1tll'l"lleNLLrl'U~'U'El1'fl 'Vlfl1{u6'1 6'11 

~"ll1 i1'1'Vl~'li1t~1~~1"ll11~'U1~"il~~23 LL6'1~Ei'~i1fl1';i~mn'l'Vl~"ll'El~ oxyresveratrol1'U~1'Ufl1';i~1'UL~'El 
b-!6'1~'\.JrJ16'11';ii1'1'Vltl'Um';i~1'UL~'El11'!6'1L~l.l (herpes simplex virus; HSV)24

• 
25

, L~'El11'!6'1~~flN6'1-

~6'111'1 (varicella-zoster virus; VZV?6
, L:ff'EJ1"J-!6'1L'El"ll1'El1 (human immunodeficiency virus 

~ 

type 1; HIV-1/LA1?4 'l'Vltl 'Ufl1';i~1'UL:ffmL'Ur1VlL~t~"ll'El~~'U'El1TI 'Vlr11{U6'1 6'11~"ll1 ~'UrJ16'11';i6'1tll'l"il1fl 

LLrl'U~6'1tll'l~1m'Elli1'U'El6'1i1'1'Vl~1'Ufl1';i~1'UL~'El 5. aureus LL6'1~ Mycobacterium smegmatis27 

~ "' 
6'11';i6'1tlV1"lleN';i1fli1'1'Vl61'Ufl1';i~1'UL~'El Mycobacterium tuberculosis H37Ra 1~28 LL6'1~6'11';i6'1tll'l 

"il1mtl~'Elfli1'1'Vltl'Um';i~1'UL:ff'El Bacillus subtilis, B. pumilus, Proteus mirabilis, Shigella 
tJ' II IJ f( V 

sonii LL6'1~L~'El Escherichia coli29 Vi'~t1E1~1~~'\.Jfl1';i~fl~1'1'Vl61'Ufl1';i~1'UL~'El Candida spp. "ll'El~ ~ <, 
'"'-' 

'Vl1~~1'Ur111l.l L tl'U~~'I"l'UrJ16'11';i oxyresveratrol 1~i1r111l.l L tl'U~~~Pi'El L "116'1~ 

microglial N-9 cell t~m 1'UVI1m"ll6'1~{lflm~~'Umh~6'1~"lt~Ltl'U6'1.fl11~ 1 ~LiiVlfl1';iL~'Ell.l~';i~'\.J'U 
~ . ~ 

\J';i~6'11'Vl LL6'1~"il1flfl1';i~fl~1d6'11tl1~116'11';i oxyresveratrol 1~i1~~1Pi'EJL"Il6'1~tln~LL6'1~"il~i1'1'Vl~~ 

~1 L 'l"l1~\Pl'EJ L"ll6'1~~{1 fl m~~'U'El ~1~l.J1fl L vl1,r'U ~~d6'11';i'El1"iJi1fl'Vl~1 'Ufl1';itlfl'IJ'EJ~VI~'El EJ'U~~fl1';i\Pl1 ti"ll'El~ 
~ ' •I 

L"ll6'1~fl'UVI~'El61m1~~1t~ 30 1'UU fl.l"l. 2004 Andrabi LL6'1~flru~ 31 1~~fl~1'1'Vl~"lleN6'11';i 

oxyresveratrol 1 'Ufl1';iEJ'\.J~~fl1';i Lnl'l a poptos is "lieN L"ll6'1~tl';i~6'11'Vl6'1l.l'El~~i16'1.n11~ LG1'UL~'EJV1~'\.J~'U 

(cerebral ischemia) ~'I.JrJ16'11';i oxyresveratrol 1~i1~6'1m~'Vl'U~Pim~'U'I.Jtl';i~6'11'Vl"ll'EJ~611Pl1m~i1 

6'1.fl11~ ischemia LL6'1~EJ~'li1t~6'11'ifl1';i\Pl1tl"ll'El~L"Il6'1~tl';i~6'11'Vl1~~fl~1t~ 1Vlt~"ll'U11'l~L Vll.l1~6'1l.l 1 'Ufl1';i 1 off 

fi'El 20 ii6'1~n'!l.l~Pi'Elii16'1n'!l.l L'li'UL~ti"Jtl'U Ban LL6'1~flru~ 32 'l"l'UrJ16'11';i oxyresveratrol D'El~fl1';i1Pl1t~ 

"ll'El~ L"ll6'1~tJ';j~"'1'Vl1~ "il1 nm';i'V11'16'1'El'U~~L5t~'U'I"la'U"lJ'El~"'1';i6'1 nl'lmTI 'Vlr11{u"' 6'11rl"ll1 ~'U116'11';i6'1tlV1 
~ 

1l.l 1~v'h 1 ~Lnl'! fl1';i';i~r11t~ Lf-1'El~LL6'1~'EJ1fl1';i LL .W~~1VIti~ 33 'U'Elfl"il1 nffi~i1fl1';i~fl~1~'\.JrJ16'11';i oxyres­

-veratrol i1'1'Vl~"ll~6'1'Elfl1';iLnV1LL~6'1.yi~1VIti'~LL6'1~ 1 'U'li'El~tl1fl"ll'EJ~611Pl1'Vl1'16'1'El~.yi&JV1L:ff'El HSV 1~34 
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:u1n~mh11n·ih.:J~'W:u~ L i1'W 1~11f.'111f.'1n(il:U1n~'Wenft 'VIrn1-tla mf1"ll1 ,l'Wi1 
'U 

th~ 1~"lltJl.l1mnEJVIa1EJ '1 ~1'W :5.:JL U'W~tha'W 1:ueJ~1.:J~.:J 1 'Wn11~m~Tt.h~~'VI5.fl1'VH ~l.IL9il.l L~eJ~~~'~ 

f.'111~i1·t.h~LEJ"llth~.:J1'W~1'Wn11LL~'VI~m1~~~'~f.'11VIm1l.l n11~(ilb~eJnf.'1~'W1~1lJ1~mn~'VIBm1~1'W 

L ;ffeJ 1 'W~eJ.:J'I.J~u9i m1V11-rm1 LL ~'VI~f.'i1'Wl.l1n:u~ L .W.W~(ilL~eJ na~'W 1 ~1~1'WL ;ffeJ~a'W 1 :u ;a.:Jm1'VI(ilf.'1eJu 

VI1'1.J1~~'VI5.n1~"llma11f.'11l-l11t~v111~VImEJ1~~1EJn'W L "li'W m1'VI(ilf.'1eJuf1ru.n1~"lleJ.:Ja11 L t1eJ.:J~'W L(i!EJ • 

b:U~t!JL9iu Ll'l"lltl.:J~~'W'VI~~ (minimal inhibitory concentration; MIC) bba~VI1fl1f111lJL-iflJ-if'W~1~(il 

~f.'11l.l11tl~1b;fftl:U~'W'VI~EJ1~ 99.9 b'I.JeJ{b~'W~ (Minimal lethal concentration; MLC) Vl~tlfl1 • 
MBC (minimal bactericidal concentration) mru~LU'Wb;ffeJ'VI(ilf.'1eJULU'WbbUf1Vib~EJVI~tlrl1 MFC 

(minimal fungicidal concentration) mru~L;ffeJ'VI(ilf.'1eJULU'WL;ffm1 n11~n~1f111l-l~l-l.W'W5 

1~VI11.:Jf111lJ b -ifl-l-if'W"lleJ.:Jf.'111'VI(ilf.'1eJU nu1~ EJ ~ nmm m 'Wn11~U8.:JVI~tl~1 b ;fit) L(i!EJ n11'VI(ilf.'1eJU Time­

kill curves assay n11~n~11'11.:J '1 bVI~1d~1'Wi1'1.J1~ LEJ"llth11VI-ru 1m 'Wn11'\.J1~biJ'IJ'I.J1~~'VI5.fl1~"llm 

OH 

HO 

amu'Wa"!lm~ LL '!A.:J"!l19i"!lm'I.J1~ L 'VIf!laVI-r~eJ Ll.l~m~u11L1f1~ Ln(il:U1 n m19i(il L ;ffeJ n-J1 . ~ 

60 L'I.JeJ{L~'W~ L~moifeJ.:JnuL~eJ:U~'W'VI~~~eJEJL'W1'1.J1u1eJYJ~lJ36 1u1eJYJ~lJ (biofilm) Vll.l1EJ~.:J m1 
• 'U 'U 

a ~al-ll'i'1"lleJ .:J n~l.l :u~'W'VI ~~VI~ eJ"lll.l'WlJ :u ~'W'VI ~~~VIa 1 nVIa 1 EJ"lJU(il~i1 m1 L n 1 ~ n~l.leJ ~u'W~'We:h 1(il~'IJ 
, " , , , , 'U 

~1'VI'U.:J Lf11.:Jf.'1~1.:J"lleJ.:J 1 u LeJYl~lJ:u~ L tl'W1~UULU(il f.'11l.l11t~~u 1~~.:JL;ffeJ~i1~11'1LLa~L ;ffeJ~mEJ LL~1 

m~:U1EJeJEJb 'W 1 u LeJYl~lJ b ;ffeJ~i1~11'lf.'i1'1J 1 Vlul:U~eJ~I'l1.:Jnm.:J"lleJ.:J 1 u LeJYl~l.lu~nru"lieJ.:J11.:J (voids) 
'U ... 'U 

LLa~"limL~eJl-ll'ieJ (channel) ~.:JLU'Wu~nru~i1mVI11lJ1nn11u~nru~'W'l ~1mVII'JdLeJ.:J:5.:JLn(ilf111lJ 

LLI'lnl'i1.:J"lleJ.:Jam1~LL '"J(il~eJl-lmEJ 1 'IJ 1 u 1eJYI~lJ~'W a.n11~ Lbd(il~eJl-l~l'i1.:Jn'WilLeJ.:Jv111 ~mEJ 1 'IJ"lltl.:J 1 u lt1 

YJ~lJi1"llU (il"IJ eJ.:J :U ~'IJ'VI~ fi~ LLI'l n 111 1.:J n'W ~1 EJ • 
L~eJEJ '1 L(ilEJ:U1nVIa1EJ '1 m1~n~1~u11L;ffeJ~eJ~1 'Wf.'1.fl11~ 1 u 1eJYI~l.li1f111l.lf.'11:1J11t11 'Wn11~eJI'ieJf.'111 



7 

LLm~ 1 'U Lt!Yl~l.l"ttB\1 L -ffmj~6'11l.ITH1EJ'U8,:m11 L -ff1-tltlfl"tttl~6'111~1'WL offmJ~~hJ'Vl~vvtl m 'Wfl11-rfl'l~1 LL~ ~ 
' 

EJ~6'11l.l11~Ut!~tl'WL 61l~~"ttB'I L offmnn fl11\9ltl'U6'1'WB'I"ttt!~i1i1~l.ltl'W 1~37 Ao ~~ffi 1r11 'W"Iit!~thfl n L "li'W tl'W 
'\J ' 

6'11 L VJ\91G1'"J'W 1 VJru Lti~~1m ~t~~t~ci11l.l n'WL tl'Wf111'U~~'W'Vl~vVJ~t~1 'U 1t~YI~l.l41 • 42 il~1'W::.i:il ~~'U11 L offt~ 
, Q.l \.1 , 

5. sobrinus 1 'W"Iit!~thn Ldt~m!L 'W 1 'W6'1i111~ 1 'U 1t~Yl~l.l~tl~ 1-fff1~m~n6B~'WLL~~Lt!il'W'I'l~t~tl11~1 'Wfl11 
'\J '\J 

n1:il'~6'1~fll11'W6'1i111~LL~~~L'VlilflL61!~~ 5~ 300 LL~~ 75 Lvl1\911l.lci'1~'U 43 'Wtlfl~1m-ffmL'Uf1ViL~~~ 
'\J 

fl~11-ff1~~'WLL~1EJ~~'Ul1L-ffm11'Wfl~l.l Candida spp. 1'W6'1i111~~LU'W1'U Le:JYl~l.l,!'W L-ffe:J~~il 
f111l.l6'11l.l11~ 1 'Wfl11~e:J~e:J6'111~il~'Vl~~1'WL -ffm11~e:1ci 1~ili!mh~''1!L "li'Wn'W

44
-
46 ~~,r'W 1 'U 1-eJYl~l.l"ttm 

L offe:1~~ L U'W'UqJVJ1 LL~~~tl6'111f1~61'1~'1J61'1VJ-r'Um1-rm~1\911l.l 11~~m'U1~~1~ ~~11~ n ~~m1~e:1 m~ 
-rm~nLL~~m1nt1~'JL tl'W 1 'U 1e:JYI~l.l'U'W~'W~1"tte:J~16'1~LL~~e:Jtlmrum1LL~'Vlv"llil~~1~61 1~LLn vie:J1-H 

' ' I 

mVJ11 vie:JVJ1~h 11n~'WLVi~lJ 6'11~6'11'W LL~~~tlmruL~1&i~\911l.l'Vl1~m1LL~'Vlv~1~~ Ltl'W~'W m1~e:1 
~e:J6'111~1'W~~'W'Vl~~1 'WMl11~ 1 'U 1e:JYJ~lJ,r'WE!~il-u~:il~BnVJmnVJ~1~"1lil~ 'eJ'W 1~ LLn "llil~"tte:J~6'111vi'l i 

' 
1 'Wm11'm~1 "llil~"tte:J~L-ffe:J L1~1vi'l.ff m~"tte:J~ 1'U Le:JYl~l.ILL~~f111l.IVJ~1flVJm~"tte:J~"llil~~~'W'Vl~~1 'W 1 'U 

' ' 
Le:JYl~l.l,r'W~ 1~~ilf111l.ILU'W1 tl1~11 L-ffe:J1 'W1 'U Le:JYl~l.l 1~ilm1-r'UVJ~mL~mtl~~'W~'W~1~ ~ \9l~e:J~L1~1 

L ~e:J1l.l '1-HLii~<UqJVJ1~~fl~11 fl11Utl~tl'Wfl11We:J{l.l~1 L U'W 1 'U Le:JYl~l.l"ttB\1 L ~tl'V!~tlfl11 

n1:il~L ~e:11 'W6'1i111~ 1 'U 1e:JYI~lJ~~Lu'WBfl'Vl1~L~e:Jn1 'Wfl11LLm "tt<UqJVJ1fl11~e:Jm~m~ Ln~;'W m1n1:il~ 

L-ffe:J1 'W6'1i111~ 1 'U 1e:JYJ~l.l'<il1LU'W~e:J~ 1-fff111l.IL .ffl.l.ff'W"tte:J~6'111l.l1flfll1fl11EJ'U8~m1'1'lt~{l.l~1L U'W 1 'U Le:J­

-Yl~l.l"ttB'IL~e:Jrie:J'Wi1~l.l1fl 6'1e:J~f1~e:J~tl'Ufl11~m~1"ttB'I Filoche LL~~f1ru~ 47 ~~n~1~'Vl~"ttmJ1iJ'W 
'V!tll.l1~LVJ~"llil~~1~~ 1~LLn cinnamon oil, manuka oil, Leptospermum morrisonii oil, tea­

tree oil, arnica oil, eucalypus oil LL~~ grapefruit oil l.l11m'Wfl11EJ'U8~.L~~ 5. mutans um: 

Lactobacillus plantarum ~'Ul1VJ1fl~B'Ifl11vi1m~ L~e:J1 'W6'1i111~ 1 'U Le:JYl~l.l'<il1L U'W~e:J~ 1 i6'111~ 

f111l.l L .ffl.l-ff'Wm fl fll1fl11 n1:5' ~fl1Wie:J{l.l~1 L U'W 1 'U Lt!Yl~l.l"ttB\1 L ~tl'V!~1~ L vl1~1 L "li'WL~m tl'Ufl11~ fl~1 

"ttB\1 Song LL~~f1ru~48 ~~fl~1~'Vl~"tte:J~6'1116'1tl~~1m1fl"tttl~ Polygonum cuspidatum 1'Wfl11 

EJ'U8~fl11'1'le:J{l.l~1 LU'W 1 'U Le:JYl~l.ILL~~fl11n1:il~ 1 'U Lt!Yl~l.l"tte:J~L~e:J1 'Wfl~l.l Mutans Streptococci 

fl11~fl~1L~tl~e:J~"!. 'W6'1i111~ 1 'U Le:JYl~l.l~~i1f111l.l61'1~UJtlci1~lJ1fl L~11~L~e:J1 'W6'1i111~ 1 'U Lt!Yl~l.lile-J~ 
'\J v 

~e:Jtl1~~'Vl5i11~"tttl~tnvtl m 'Wfl11-rfl~1L1f1&i~ L ~tl 'We:Jfl~1fl~fl~11-ff1~~'WLL~1 fl11tltl fl~'Vl~"tt'€1~6'111 

~e:J L ~ti~~'W'Vl~vrr~ L U'W~~vlr111~n~11-H~~ LB~~~~;ff'W 61t~ fl11e:Je:J n~'Vl~"tttJ~6'111ilVJm~tl1~Li1'Vl~1 ~ tl'W 

V!1flLLU~\911l.l~'Vl~~m~t!~~LLU~1~ 2 tl1~Li1'Vl ~e:J tn~i1~'Vl~EJ'U8~m1L~~qJL&i'UL\91 (Bacteriostatic) 

LL~~m~il~'Vl~~1L ~e:J (Bactericidal) 
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6'f1';i~flflm]'Vl~Ltl'W Bacteriostatic 'VI:W1CJ~\l 6'11';i~i1')'Vl~EJU8\lm';iLiil~qJL~h.J 1\9l"llel\l 

L;ffa irni1n~ 1nm';iaeJn')'Vl~1 'Wm~u'J'Wfl1';i6'1~1\11 'lh&i'W 'VI1m~:wfl11:WL-ii':w-ii''Wm:w1n~'W"'1';iL V16l1d 

m:uaan')'V1~~1'VI~avhmm;ffa~~'W'Vl~CJ1~ ~1'W6'11';i~aan')'Vl~Ltl'W Bactericidal 'VIlJ1CJ~\l 6'11';iYii1 

')'Vl~~1V1~av1'1mm ;ffa1~CJm\l irni1n~ 1nm';iaeJn')'Vl~~~'l!wll~~ LL~~ L~a~:WL6!1~~ 

~'I!\1L6!1~~ (cell wall) Ltl'WeJ\lflth~nau~a~'WeJn6'1~"lleJ\lL6!l~~lil~'W'Vl~chhm.1m~:w 
'\J 'I , , 

L6!1~~1 ~LL~\ILL ';i\lLL~~vl1'VI'iJ1~Uel\ltl'W~\l~elCJL 'WL6!1~~ (L6!1~~"llel\l:W'WW~Iil~ 11Jlj~'IJ\1L6!1~~) 1 'WL;ffmL 'Ufl-
~ , 

-YiL~mrnwru~"llm~'l!\lL6!l~~:u~nL 'V'ILJVl1~ 1nmLfl'W (peptidoglycan) L tl'W~1'WD';i~nau'VI6l'n 6/i\1 

10 ' L'Vl1 

LL 'UflYi L~CJ LLn1:W~'Ui1-w''Wu~ L 'V'ID1 'Vl~~ L ~el:wd~'VI11\l La'W"llel\IL 'V'ILJV\1~ 1n~ LLfl'W'iJeJCJ n-J1 LL~ ~ 11Ji1i1'Wu~ 

teichoic acid ~\lL~a:wn'UL'V'ILJVl1~ 1nmLfl'W~"li1m~:wfl11:WLL ~\ILL ';i\l"llel\l~'I!\1L6!1~~ ~\I~~ 1 ~~'I!\1L6!1~~ 

"llel\1 LL 'UflYi L~CJ LLn1:W~'Ui1fl11:W LL ~\ILL ';i\l'IJeJCJ n11LL 'UflYi L~CJ LLn1:W'U'J n 1 'W"ll ru~~ LL 'UflYi L~CJ LLn1:W~'Uiil~ij 

off'W 1 "llir'W~ffi D';i&i'W\4eJ~:WL ~eJUeJ\ltl'WL6!1~~8noff'W L~CJn11 ~1 'V'I'V'Iel~LL~nfl1 h~ (lipopolysac­

-charide; LPS) 1'W"llru~~LL'UflYiL~mLm:W'U1n 11li1 ~1'W~'I!\1L6!l~~"llel\1Li1~ ';i1 'VI~el ~6'f~lil~Ltl'W6'11';i 

'V'I'Jfl1flVJ'W (chitin) ~\li1fl11:WLL~\1LL';i\l:W1n 

L~e:Jtl:WL!iji't~ (Cytoplasmis membrane)49 

:w1 1~CJi1fl11:W'VI'W1D';i~:W1ru 7-8 'W11 'WL:W\9l';i ffifl';i\16'1~1\IL tl'W lipid bilayer LL~~ 1 D';i&i'W vl1'VIti1 

\4a~:w 16111 'Vl'V'Im6'161i:w (cytoplasm) ~\I~~ 1 ~L6!1~~6'11:W1';itlfl\l';iDeJCJ1~ L6!1~"1.:Wl.JL'U';i'Wiil~ L tl'W~'J'W~ , ~ ~ 

ua\ln'WL6!l~~:u1nm';iL -ii'1aeJn"llm6'f1';i~1\l ~ 'VI1mn~fl1';iL~CJ'V11CJ m:u~\1~~ 1 ~6'11';i~1\l ~ 6'11:W1';im-ii'11 LJ 

v1'1mm6!1~~1~ 'VI~a6'11';ii11CJ1 'WL6!1~~ Ln~m';i~'J 1 'VI~aan~1'W'Wanv1'11 ~L;ffa:u~'W'Vl~~\911CJ 1~ , 

~~'W'Vl~~ LL 'Vl'Wfl1';i 1 otl6'11';i Lfli1LL~~mLJij6/i'J'W~ L~:W 'VI~el L ~:WD';i~~'Vl5i11'V'I"llel\16'11';i LL~~~~ ~~-if1\l L~ CJ\1~ 

Ln~~'Wiil1nfl1';i 1 otl6'11';i,!'W~ L~:W:W1n~'WL~elCJ ~ LL~fl1';iPinW16'f~'W 1 'V'I';i 1 'Wfl1';iEJ'U8\lL;ffeltle:J 1 ';ifl1 'W"liel\1 

LJ1 n Ei''li1,J1'W'J'Wtie:JCJ:W1 m~m YiCJunu L ;ffana1 'jfl'l.J~ n ru~'W ~ ;;i\1 L tl'W~t.h6'1'W ha ~1\1~\11 'W m';iPinw1 
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ozleJ~'thll 'Wli'l.fl11~LLV'I~~ 1 'VlUfl L6!!G1~ 

2. ~n~1e.JGl"lJB~m1vu8~'VI~Bm1~1L~mJ~'W'Vl~~'1~~"'11li'ln~mft 'Vlf1T~tl"' mf1"ll1 ~m~e1ne1 1 1r11 'W . ~ 

ozimthnt 'Wli'l.fl11~ 1 u 1B~~lJ 



n. 
N11l]o tlZ-9~ L~l1n.IJ>Htfb~l'l.lM:fbfl.tL!\I'l.,tJ.UL~ 

' ~ 

l~l!1. 1~t}Q.B~ 1t'~~H,LI!1.L@~t'~@~ 1UL~IrlLt[l.~lll.I'1.1Fl t}~1 ~1 S"-£ @~ 1t'Bil.Q>~1 ~1 ~L~ doo1 ~ ll'l.,tJ.UL~ 1'1 II I 1'1 1'1 f1 

t'M:1l]o 917-vZ L~l 1n.IJ> 1t'~ 11~t}Q.B~ 1t'~~1tL1!1.LB~l~rl.@lt!~lA.tLUt'@~~@~ 1 t'~~1~LM. 1 
I fl 1"1 I f'l f'l 

ri.@~~IA.IL, IA.@JL1ltll~~1~LU 
Ill lop !i' ... 

Z lA.t'Lf,L~I'l., ~~@1~~~Lf,t'~~l'l.Q.~~~11BQ. 1t'Bil.M:It!~LM:I!1. 1lA.~lLL.flt!~~11 f" l,p::o f"b'l:7 I lr f"' 

• • @~1t'~~1f,Lifl.L@ ~~lA.I'1.~~@~1t'@fl.~l'l.~~Lit!~~1 LW~1~~11 n.~M:W1m~1~~n.11 Ulrl.M:W11~~,~~n.11t'~ 
1'1 1'1 " 1'1 " 

~ t'L~~t}Q.UL[l.t-Bp.l'l.l ~f, 1 @~~~lA.I'l.~~@~ 1t'@fl.l'l.lA. 11 l~U@~1~~~tt}t'k~L~LJ~f,LLJLJL~ ~ ~ ,.. 

LRU~~LUI'l.'J»~9~1A.I'l.~~pn.~llL~ 

!foi'1.~1}Bfl.1 M:kU 0~ rl.1lL!A-1n.Bit!~lA.tLit!t'@fl.l'l.~M:~1n.~M:~HtLl~ 05\fiJO !fo1'1.~1}Bfl.1 0~ l'l.l~L~~~~~1 

"' 1\ • 1\ n. 
t'k~UIA.ft1!1.l M:~~~1t'B~t'k~~~~11n.Bit!~lA.f,LUI'l.l ) oOZ-(!Lf1!1.fUB~H L~Ukn.~1LJtj~~LQ.~L~ lt!Q.}L~IA.1 
" ,.. ' 

}LB~1llt!tLit! l'l.Lt'~ lf,LU~fttt-Q~t9WI'l.l }lA.I'l.~~l'l.L~fl.t'lt!~]!L~lA.~LI!1.M: }~lt!LirJQ.~l.f1 ~rn~~~1 rl.Bit!~lA. 

t}t'k~rl.@lt!~IA.f,LLJI'1.1,2o W~1llt!tLit!l'l.l lOJj.eJaASaJAXO f,Lit!fULM:~[l.rl.Bit!~IA.f,LLJt}t'~ !foi'1.~1}Bfl. 1 09 
f'l fl I f1 f'l 

L~UULM: lOJj.eJaAsaJAXO f,Lit!t'Bil.ruLM:~[l.~~ l ~1'1.1!1.L.IJQ>L~LJ~f,LUI'1.1,2o W LQ.~L~ lt!Q.}L~IA.1J.LB~1llt! 
" ' 

f,Lit! ()ldH) LjdeJ8o:j.eWOJLD P!nb!l aJuewJOj.lad Lj8!H t-@~~,~~1 ~L1!1.Ulfl.l'l.t~B~fu~Lg:lf,Lit! 

l'l.IJ-1t'~ (auaqll!fSAXOJpALjeJ:j.a:j. -, S" ', £ '17 'Z) lOJ:j.eJaASaJAXO tLit!t'@fl.rt}LM:~[l.M:~n.l~f,LLJ 
n. 

~~tn.Bit!~IA.~~ LQ.~L~ lt!Q.}L~lA.1J.LB~1llt!f,Lit! 917S"Z "lrl"M. M:~LWM:I'l.B~1t-lp. ~tA.tlrltA.1~f,[l. ft1!1.lt'~~1 

~l-1!1.t'~l'l.l f,M. t l'l.ftlt!L~~Lil.l'l.LkU L~~LI!1.~ lfl.l'l.B,ljl'l.IJ> 1 @~~~1 }lA.I'l.~~l'l.L~fl.t'lt!~]!L~lA.~LI!1.M: }l~lt!LirlQ.~l.f1 ,.. 
• n. 

~ru~UL~~~Lt~1n.BM:Ll~n.k~tt}L~LJ~f,LUI'1.1,2olt'~ LQ.~L~ lt!Q.}L~lA.1J.LB~1llt!f,Lit! 
,.. ' 

• ~M. t l'l.rt~rtll~~1~LU 
•• tuWfl.B~~l-

•• r\l!~~llttl..U.Qe.:::~n rutunl!~~e, 
"""" , I o "" 

0~ 



5. mutans ATCC 25175 

A. actinomycetemcomitans 

ATCC 33384 

.: 
b"'1v'a1: 

Candida albicans ATCC 90028 

Candida albicans ATCC 10231 

Candida dubliniensis MYA-577 

Candida dubliniensis MYA-646 

Candida glabrata ATCC 66032 

Candida glabrata ATCC 90030 

Candida krusei ATCC 34135 

Candida krusei ATCC 6258 

Candida tropicalis ATCC 66029 

Candida tropicalis ATCC 750 

Candida tropicalis ATCC 13803 

BHI broth 

BA agar 

BHI broth 

BHA agar 

SOB broth 

SDA agar 

aerobic incubator 

37°(, 24-48 i11~~ 

anaerobic incubator 

(80% N21 10% C02, 

10% H2) 37°C, 24-48 

i11~~ 

aerobic incubator 

37°(, 24-48 i11~~ 

11 
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1. n1~'VIfl~v'UL~eJL'LI~J:l1'J:: Planktonic cell · 

1.1 n1~'VIfl~v'Un1~uuC.:~L~v~1Ldv.:~~'LI1flu~lil1n"ll'LI1fl'tlv.:I1Bli'Lin1~UuC-:~1flu15 Agar well 

diffusion method fl11115111 fl ~,! 1 'LI 'tl v .:1 Clinical and Laboratory Standards 

Institute (CLSI)50 

n11'Vlfl6'1au1!jffi ivr~ nm1 Lb vd"Ua~6'111aantj'Vl~'Vl1~;1.1l1'V'j~ b~11~~ 1 til 'Wa1vr11 bb ~~ 

1f'IU6'111"i'l~ bb 'V'j~"i'J1mJ fl~b~116'111 1 'W'VI~11 hJ Ei'~mvr11 b~U~b ~avhVil"l'Vl1~ 11J btJ'V'j1~~~1'VIU1 
' ' 

81'V111 b~ U~ 1flm~U~'Vl1~~6'111bb 'V'j~aan 1 tJdi'11111 b oU1JoU'W"ll8~6'111 rl"i'l~~fl~~'Vh 1 ~bilflf1111Jbbflnl'h~ 

"Ua~f11111boU11oU'W"llm6'111 1 'Wb-d'amvr11b~U~b ~a b ~amfluEi'u&~n"i'l~ 11Ji1m1b"i'l~'!Jb~u 1flbnflb tl'W 1'1l'W 

16'1 (inhibition zone) 6'i'J'Wb ~a~rr1Je16'fn'U6'111~f1111JboU1JoU'WmlJ6'111111t;'ltl'U&~m1b"i'l~qjb~'U 1fl1~n"i'l~ 
b ~11li1'1'W'J'W~'W"i'l'Wb i1'Wb tl'W"Uau•I.Ja~ 1'1l'W 16'1 b ~m"i11 nn11'Vlfl6'1aunu bb uflVi b~u 1 'W"lia~tl1 nmf11"1n1a'l3\i 

"' 

fl~ab~n"B~'W ~~~1U~1U 10 bU8~b~'W~"Ua~J1bb~~tl1utl~111UJf11111boU11oU'W~1U 

mvr11b~U~b~a"ll'ilflb'VI~1 1~i1f11111boU11oU'Wb'Vhnu 0.1 n111 btla~b~'W~ 

b~U~b~8111 'W81'VI11b~U~b ~a"ll'ilflb'VI~'J 1 'W6'f.ll1'J~~b'V'j1~b~U~~~I'l111~~ 2 btl'W 

n~1 18-24 .fi'1 111~ tl~111ru"Ua~b~a~'Vlfl6'1auau1'W"li1~ 105-106 b'll~ci'!Piaii~~~l111 
" 
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1i'I.J1n~'U (forceps) 11-:JLLvJ-:JLVI~m~'W~ii~1'W~'W~mn:J'I.J1~~.nru 6 i1r1~Ll.l~1 1'W 

lil1'WB1VI11L~~-:JL~eJ~'I.J11f311il1nL ~mnm!'W'eJ'WB1VI1·1L~~-:JL ~eJ"llti~LL ~-:J'\J~l.J1~1 20 i1r1~~~1 1 ~ . . 
ii'l~m~ 1eJiil'WeJUIVI.lli1'\J1~1J1ru 35-40°( LL~'J 161L~eJ~~eJ-:!n11'Vl~f.'1eJ'Url-:! 1 'I.J1 'WB1VI11~B'WLL~'J e.Jf.'11J . " . 
L ~a LLrl~B1VI11 1 ~L "li'1 n'Wiil1 m!'WL 'Vlrl-:1 1 'Wiil1'WeJ 1VI11D11f311il 1 n L ~a~ L~~~l.J H Ldaen'VI1 ';iLL ~-:1~1 1 i'I.J1n 

~'U (forceps) t:~a~LLvi-:JLVI~naan lil1m!'W16'1!.'111~~mm1'Vl~f.'1a'UrJ-:J1'1.J1'WLLt9irJ~VI'l1l Vl'll.lii'l~ 90 

11l 1~1~~1 LL~Tt11:u1'Wen'VI11 1 'I.Jul.J 1 'W~L~~-:~L ~a~11Jf.'1.n1'J~~L'VIlJ~f.'11JOZJa-:~L~m tJ'Wnr11 24 -B-1 11l-:~ 
" 

LdeJ~';i'U L 'Jrl1~ n1VI'W~Vh n11B1'We.Jrl 1~~-r~:u1n"lJ'W1~"lleJ-:I 1"1l'W 1!.'1~ Ln~~'W'VItb~ L U'Wi1rl~ Ll.lm ( "lleJ'U 

1"1l'W~l~~eJ-:JL U'W 1"1l'W~otl~ li'1iiL~eJ~'W'U1-:I~ 1 ~~eJ11'U~L 'JUI,r'W 11Jf.'111J11f:liJ'U~-:Jn11Liil~qj"lleJ-:IL ~a 1~) 
n11'Vl~f.'1a'Utnif.'11l'W1~1~~111lL"li'1l"li''W 10 n'!l.l L'I.Ja1L~'W~ !.'111~ii'lm~n68~'W 0.1 n'!l.l L'I.Ja1L~'W~ • 

1.2 nTa'Vl~aeJ'UVI1'1.J'il.l1ru 'tltl-:la1';i~1~~~ q'VI~L 'W nT-air'U C-:~m';iLl\l'ity L~'U l~'tltl-:1 L ~e ~~'W'VI~~ 
(MIC) LLii'l::V11'\J'i1l1W'tltl-:!a1';i~1~~~q'VI~L'Wn1';ifhL~ti~~'W'VI~~ (MLC) ~1a16 Broth 

dilution method ~11l1Gl.l1~';i,!1'W'tltl-:l CLSI50 

n11'Vl~f.'1a'U1~tni'VI"'nm1L~~-:~L~a~~mm1'Vl~f.'1a'U1'Wen'VI11L~~-:~L~a"ll'll~L'VIii'l'J~ 

iif.'111~~m n11'Vl~f.'1eJ'Ue.Jf.'11JeJ~~~'J11J L "li'l.l"li''WLL~n\911-:J n'W lil1 n,!'W~-:1 Ln~ n1';i L lil~qj L~'U 1~"llm L ~a~ 
'Vl~f.'1eJ'U 1 'WB1VI11 L~~-:1 L ~eJ,!'W11!.'111J11f:l L lil~ru L~'U 1~ 1~VI~eJ 11J 1~~ L '\J~~'UL Vl~'U n'U'VIrllJ'Vl~rleJ-:I~ij L ~eJ 

~ . 
LL~ 11Jiif.'111'Vl~f.'1eJ'U ("ll~~'J'U~l.Jii'l'U) LLrl~'VIrllJ'Vl~rleJ-:J~iif.'111~!.'111J11f:liJ'U~-:JL~eJ 1~ 100 L'I.JeJ1L~'W~ , , , .... 
( "ll~~'J'U~l.l'U'Jn) VI 1m ~at:~ niJ'U~-:~ m1L :u~ru L~'U 1~VIii'll.len'VI11,!'Wn:u~ 1!.'1 6'11'W'VIr11l~iim11l L "li'1l"li''W~ , , cu Cll • , 

11Jf.'111l11f:liJ'U~-:!L ~a 1~L~eJnlil~ 1~~'W'Vh 1 ~B1VI11 1 'W'VIrll.l~'W n11B1'We.Jr11 ~B1VI11L~~-:!L ~eJ'VIrll.l~ij • • • 
~111lL"li'1l"li''W~1!.'1~"llmf.'111~!.'111l11f:liJ'U~-:!L~eJ1~LU'W~1 MIC 6'11'W~1 MFC lil~LU'W~11'W'VIr11l~ii • • 
'I.J~l.l1ruOZJeJ-:Jf.'111~1~~~~'Vl~1'Wm1~1L~eJ11 99.9 L'I.Ja1L~'W~ ~1VI'!'Un11'Vl~f.'1eJ'U Broth dilution 

method df.'111l11f:lvi11~~-:~ macro broth dilution method LLii'l~ micro broth dilution 

method LL~L'W~dvi1n11'Vl~f.'1eJ'U1~~1m~ micro broth dilution method L~eJ'I.J1~VIir~'I.J~l.l1ru 

·1rn-:~!.'111m i'Vl~f.'1a'U LLii'l~L~m:u1nm1VJ~f.'1a'Un'U LL'U~VIL~~ 1 'W-dm'\J1n .n1~1"ll11m~lj1VJm ~ru~ 
"" 

. "' ... ... .. 
L~lJL~lJLtJ~1~L"llel11 
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L~f.I-!IL~el11~1'i'a-!!fl11'VI~61a'U 1 'UeJ1'V111L~f.I-!IL~a"!loW~L'VI1;11 61fl11~m m 'Ufl11L~1~ 
L~f.I-!I~-!ILL61~-!11'U\91111-!I~ 4 Ltl'ULJGn 18-24 i11l.J-!I '\J-ru'\J~l.l11111m~'lh~l.l1111 103 L"ll~ci'\9laiJ~~~~1 

" fl11L~ml1-!1611161tl~LL'U'U~~~-!1Fl-r-!l~~ 2 Lvh (two-fold serial dilution) 1~t~1i 

611161tl~aTfl 'VIF11~U61 Gnfl"ll1 100 1l.l 1Fl1~~1 ~61l.ltl'UeJ1'V111L~f.I-!IL~a"!loW~L'VI~1 100 1l.l 1Fl1~~11'U 
" 

m~~m61~m~t~-!IL"ll~ci'"!l'W~ 96 'VI'll.l (round-bottomed 96-well polystyrene microtiter 

Plate) lil1fl,r'UL~lJL~el11~L~~f.llJ11\-1~lJ~~ 100 1l.J 1Fl1~~1 (Fl11lJLoUl.JoU'U61~Vl1f.l"lJel-!1611161tl~aTfl 'VI 
' ' 

r11~u61 ~1Fl"ll1 at~L'W"li1-!! 0.01-25.00 ii~~n-rl.ll'iaii~~~m) 611VI-r'U'VI~a~"!l~F11'UF1l.l~Ltl'U~'U 
'U 'U , 'I 

(negative control) 1 ~L~l.!LL'UFlViL~t~1~t~mlJii6111~~1L~mLuFlViL~t~ L~avuiru11 L~a611l.l11() 

Llil~ty1'WeJ1'VI11,!'U'l r:i1'U~~Fl1'Uf'll.l~Ltl'U'U1fl (positive control) 1i6111~~mt~Fl~aL~fl6tl~'U 0.1 

n-rl.J L'\.Ja~L~'U\9] 'VI~lJ~iieJ1'V111LL~1lJiiL ~a 1m 'Ufl11m1:U61a'Ufl11'\J'ULtlau (contamination) U1L~a 
' 

1 '\Jau~aru'V1flii'\J1~mru 3 7°C 'U1'U 24 i1 1l.l-!l LdaFJ1unm~n1'VI'U~~11:UFl11l.l611l.l11()1 'Ufl11 
' " 

V'Ut-!1 fl11 L lil~tu ... "lJa-!1 L ~a11 1~t~~-!ILfl~lil1flfl11Fl11lJ~'U"lJa-!leJ1'VI11L~ f.l-!1 L ~a L '\J~t~'UL Vit~'U tl'U'VI~l.J 
' ' 

'VI~61a'U 1 'U"ll~Fl1'UFllJ 'VI1 fleJ1'VI11L~ f.l-!1 L ~a~'ULL61~-!111 L ~aiJ-!Iiifl11 L lil~tu L~'U 1~ 'VI1 n161 LL61~-!111611161 n~ 
, " , ILl 

fl11'V11'\J~mru"lJm6111~1~~~{]'VI~1um1~1L~m11~ 99.9 ·· Lua~L~'Uii 1~t~~~ 

6111~~mt~1 'U'VI~l.Jm61~-!I'VIl.J~Iil1fl fl11'VI~61a'UoU1-!!I'i''U 1 '\J L ~1~ L~ f.l-!1 L ~a'U'UeJ1'VI11 L~ f.l-!l"lloW~ LL ~-!I 
' 

lil1fl,f'U'Ul.l1'W61fl11~~L'VIl.l1~61l.!Ltl'ULJGn 24-48 i1 1l.l-!l fl1111f.I-!11'U~1 MFC 1~t~1 ~Fl11l.!LoUl.loU'U"lJa-!l 
6111'VI~l.!LL 1nmlJ~u 1Fl1~U"lJel-!IL~a~'U11f.I-!11'ULtl'U~1 MFC 

' 
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1------,-T-------'' MIC 

• Concentration without visible growths 

MFC 

Minimal Fungicidal Concentration 99.9 o/o of dead 

~tl~ 2 bb6W1-:~15'Vll'!?leJ'UVl1'\.J~mru"lleJ-:!?11':i~1~~'~~~'VlB1 'Wf11':i~'U~~mwil~11Jb~'U b\91"1le:J-:! b ~e:J~~'W'Vl~~ 

bb6'1 :::Vl1'\.J~mru"IJ e:J~?I1':i~1~ ~'~~ ~'VlB1 'W n1':i~1 b ~e:l ~ ~'W'Vl~~ 

1.3 m-a'Vl~?~e:~uVl1~6'l"l.le:J~?~1-a?~n~e:~Tfl 'VIfl1TI1?~ 6'11fl"'J11 'Wm-a~u~~m-ab~~ru b~u 1~P~"lle:J~ 
'IJ Ql 

... 
bb'Uf1Vib~mb6'l~b~e:J'a1~e:JVl'Lhm16'11~1f.llG Time-kill curves assay 

" ' 
';je:JI'J~l\91"1Je:J-:J~e:J~~'W'Vl~~Vi'Vll'l?le:J'U 

' 
'Vll'l?leJ'UbU'Wm1~rr;m.J~~Yrtl6':i:::Vl'J1~~1'W1'Wb~eJ~i1~1meJI'l (Log CFU/ml) nu~1-:~nm b~CJn 

m1~d11 "inhibition curve" Vl1eJ "killing curve" 
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" ' 
?11'a?ln\9\1'l-1i1m1~boV~oV'WbVhnu 2xMIC, 4xMIC bb~~ 8xMIC \?11~~1~U 61'1Vl-rub~eJbb~~~'lloW\9\Vl 

bbtJflVlb~CJbb~~b:ffm11\9\CJ~1bb'Vl'Wb:ffmbtJflVlb~CJbbm~u1n ~e:J 5. mutans ~1bb'Vl'Wb:ffmbtJflVlb~mbm~ 

~u ~e:J A. actinomycetemcomitans bb~~~'Jbb'Vl'Ub:ffm1 ~e:J C. albicans ATCC 90028, 

C. tropicalis ATCC 66029 bb~~ C. dubliniensis MYA-577 1\9\m~CJ -:n:ffe:J1'Wm'Vl1'ab~CJ -n:ffe:J'lloW\9l 

b'Vlm 1 -ti?lm1~b'V11~b~CJ~~~\?11'a1~~ 2 b'IJ'Wnm 18-24 -&11~~ 'oil1mX'Wu-rutJ~~1rub:ffe:J~'Vl\9l?le:Ju 1 'l-1i1 
' ' 

rhm'a\9l\9ln~'Wbb?I~Vlfl11~tn1fl~'W OD6oonm vvhnu 0.02 (tJ'a~mru 106 bBI!~~~e:J:iJ~~~\?l'a) 1\9\CJ1-ti 
" 

b :ffe:J"il~'W'Vl~CJ1 'W?Im1~~ b Vl~1~?1~61'1Vl-ru b :ffe:1m i'Vl\9l?le:Ju~~\?11'a1~~ 2 "il1mX'Wbnu~1mJ1~nm~ o, , 

30 'W1Vl 2, 4, 6, 8, 10, 12, bb~~ 24 -&11~~ fl~~~~ 100 1~1fl'a:iJ~~~\?1'a b~e:J"il1~bbtJU~\9l~~fl~~~~ 

10 b'Vh (serial 10-fold dilution) ~1CJ?I1'a~~mCJ~e:J?Ib~\?1U~b~e:J~ Vlbe:J'll 7.0 bb~~th:ffe:J1'Wbb~~~ 

fl11~ b oV~oV'W~b~e:J"il1~bb~1~1 b '1'11~ b~ CJ~U'We:J1Vl1'ab~CJ~ b :ffe:J'lloW\9\bb ~~ bb~TW1"il1'We:J1Vl1'ab~CJ~ b :ffe:J 1 tJu~ 
1 'W?Im1~~b'Vlm~?I~61'1Vl-rub :ffmb~~~'lloW\9\btl'Wnm 24-48 -&11~~ 'oil1mXw1u~1'W1'W1fl1~i1~bi1\9l~'W 

Vllnl'a'Vl\9\?le:JU 3 fl~~ fl1'W1tufl1'lle:J~b:ffe:J~1.Ju1m'WWJ1CJ log CFU/ml e.J~ffi~111~1b~CJ'Wn'a1~ 
" bb?l\9l~fl11~61'~Vl''Wrh~Vll1~b1mbb~~~1'W1'Wb ~e:J log CFU/m l 
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" 
1.4 n1'a'An'l:!t1~6l"l.le:J~6'11'a?ln~e:J1'fl'VIf11{tht 6'11!PI"ll1 ~e:J~n~ru::'VI1~n1tl.fl1'V'l"l.le:J~b~e:J~1tlm)e:J~ 

" 

&::f cv v .Q, cv .c:::.l 

(Scanning Electron Microscopy; SEM) Plfl~1ftm~ru::Vl1\l?ltu~11..!1Vltnbbft::ftn~ru::Vl 

b tJ~tJt.lbb Ufl\11 tJ b ~e:J\1~1.JVl~V~vl1fl1~Vl~?le:JtJ b ~e:Jf1\11~tu1A11lJ b~tJV!1tJ'Ve:J\11A~\I?l~1\l~tJ\I b"llft6i'VI~e:J 
' 

1m \1?1~1\1~ 1\1 ~'V e:J\1 b ~e:J~~tJVl ~V~Vl~?le:JtJ bbft:: Pi n~1~ n~ru::'Ve:J \1m~ b tJ~ tJtJbb tlft \1~ bi1~~1..! b~e:J 

b ~e:J\l~tJVl~Vtl flVl~?le:JtJ 1~tJ?l1~Vl~?le:JtJ VI~ fl fl1~15d ~e:J fl~e:J\1\lf!Vl~~PltJ~lb~ fl\ll~e:JtJ\1::~\1~1 bb?l\1 
' '\J ' 

" 
fttJ ~e:J A. actinomycetemcomitans bbft::\911bbVl1.Jb~e:J~1 ~e:J C. albicans ATCC 90028 1~tJ 

b~tJ\Ib~e:J1um'V!1~b~tJ\Ib~e:J'lJ'U~b'VIm 1off?lm1::b·vn::b~tJ\I~\I\Il1~1\l~ 2 btlunm 18-24 -B'11lJ\I 

' .., 
bVl1fltJ 0.02 

fl1~ft::mtJ~1t! 10 btle:J{b~tJI'i' DMSO bbft::tJ'!outJ1lJ1\Il~\il1tJm'V!1~b~tl\lb~e:J'lJ'U~b'V!ft1 \11mfub\91~t!lJ 

?l1~?ln~ 1 ~i1A11lJb -tfl-1-tftJbVh rltJ 2xMIC 'Ve:J\1 b ~mb~ft::'lJ'U~~Vl~?le:JtJ 

5 i'lfl~~m 1u'V1~tJ~1Pl\11m~e:J'VtJ1~ 20 i'lfl~~\91~ (A11lJL-tflJ-tftJ'Ve:J\I?l1~?ln~mfi Vlm1u?l mfl'lJ1 
'\J 

?l~vhm vhntJf"ll MIC bbft:: 1 oVe:J1V11~b~tJ\Ib ~e:J'lJ'U~b V!m~hJi1?l1~?ln~ b tltJ'lJ~fl1tJAlJ) UlJb ~e:Jiil1 tJ 
' ' ' 
?lm1::~ b V!lJ1::?llJ6'11V!-rtJ b ~e:Jffi oVVl~?le:JtJ\911lJ\Il1~1\l~ 2 Ltlunm 24 -B'11lJ\I \11 ntfu\lln\91:: ne:JtJb"llft61 

bbfl::~1\lb"llft61 2 fl~\1 lii'1tJ?l1~fl::mtJvJe:J?l b vJ\91uvJ b vJe:J{ 1~tJ 1 oVbfl~e:J\I'VIlJtJb'VI~ tJ\I~ei'm1A11lJL ~1 
' 

1 ,ooo ~e:JtJ~e:JtJ1Vl \91~\11~tJ111\91::ne:JuthtJtJtJ?l1flfi~LA~e:JtJiil1tJ 1fl'VI::VIir n LL~1 LL -d?l1flfi L ~e:J 1u 2.5 

LtJe:J{L~tJI'i' glutaraldehyde ~i1 0.1 1lJm{ cacodylate buffer ~ 4°C Ltlunm 24 -8'11lJ\I L~e:J 
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fl"jtJb1m!;h:~1'U 0.1 hJm1 !;1~mtJ~~!;1b~!;1DtJb~~1 ~ 4°C "il1'W1'U 3 fl~.:J fl~.:J!;j~ 5 'U1VJ 'Vl1m"j~.:J 

J1~~n~1tJ ethyl alcohol (70, 80, 90, 95 bb!;1~ 100 bu~1b~W~1 fl11~b.rr~.rr'U!;1~ 2 fl~.:J fl~.:J!;1~ 

30 'U1Vl m~~1~u) -o;:nnLf'W1111uv11bb~.:J ru ~\?lin~\?! ~1mfl~~.:J Critical point drying bb!;1~~\?l 

1'11~~1-:JtJ'Ubb vl.:J11.:JI'i'1~~~.:J ~1nLf'U1111 UU1tJ~1tJVJ~.:Jr'h bb~1i5.:J1111 tJPim~1~ m~ru~'ll~.:J b :ff~~1tJ 

2.1 f1T'aVlfl~~tJ~!;j"l.JeJ.:J~1"j~tlfleJ1'fl Vlfl1{il~ 6'11fl'U1b 'Uf11'HJtJ8·:Jn1<j'V'JeJ{~~';]b U'U 1 tJ beJW~~ 
" 

"l.leJ.:!b~eJ~~'UVl~V (Inhibition of biofilm formation) bfl£~15 MTT assal1
-
54 

1fl tJ n1"jVJ\?1!;1~u~ ~ 1?i!;11"j~~ ~.:! nl"jVJ\?1!;1 ~tJ!;j.:J 1 tJ~~~~ nub :ff~~~~.:Jn1"j Pi m~n b ~ ~tJ<j~ biJ'U't.J<j~~Vl~ 

Jl1~'1l~.:J!;11'J 1 'Un1"jcJtJ~.:Jn1"j~~1~1'11bU'W1 tJ 1~VJ~~'ll~.:Jb:ff~~~'UVJ~cl ~.:JVJ\?1!;1~tJ b\?ltJi5 MTI assay 
" Q.l ..c::::..dd ~ 

V!!;1f1n1"j'1J~.:J1'B'U fl~ !;11"j MTI (3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium 

bromide) ~~ 1uvhtJ5n~tJ1ntJ!;11"jb~l?l1tJ~ 1!;1r'i~e.J~\?1~1m"ll!;1~'1l~.:Jb:ff~~~'UVJ~cl~i1~1~?~ b\?ltJfl1"j 

m~vl1'1J~.:Jb~'U1su~ dehydrogenase b'li'U NADH bb!;1~ NADPH bU~tJ'U~bV!~~.:J'll~.:J!;11"j 

tetrazolium MTI bU'UI?I~f1~'U~lJ1.:J'll~.:J!;11"j formazan ~1nLfu~\?ltJ~~1ru\?l~f1~'U formazan ~ 

bnfi~'U bf!tJ 1 i bfl~~.:J Spectrophotometer 1"11ffi~~1f1n1"jVJf!!;1~u.n~~ bbtJ<je1'UI?I1~tJ~~1ru'll~.:Jb ~~ 
~i1~1~?~1 'Uafl11~ 1 tJ 1~VJ~~ 

" v 

m'Vf1"jb~tJ.:Jb~~'lliJ\?lbV!m 

!;11"j!;1~mtJ!;11"j Mn 1m~fl11~b.rr~.rr'Ub~~~'Ubvi1nu 5 iJ!;j~n-r~~~iJ!;j~~m 1'W 

!;11"j!;1~mtJ~~!;1b ~l?l'l'T~ b ~~1~'t.J<j1f'1~1m ~eJ 
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lltJI"l~l~mlr~:::l~m11~tJ~1ll'Vl'Ul~mltJI"l~l~cmm~u"Jn ~e:J 5. mutans ~1ll'Vl'Ul~mltJI"l~l~mlm~ 

'flU ~€1 A. actinomycetemcomitans ll'fl:::~1ll'Vl'Ul~e:J'a1 ~€1 C. albicans ATCC 90028, 

C. tropicalis ATCC 66029 ll'fl::: C. dubliniensis MYA-577 1~m~tJ~l~e:J1t!mvt1'al~tJ'Il~eJ<IJU~ 
lvtr~11i~m1:::l'vn:::l~tJ~~~m'a1~~ 2 vut~nm 18-24 .a-11~~ ~U1m!t!'u-rutJ~~1rul~e:J~'Vl~~e:Ju1~i1 

i'lln1'a~~n~'Ull~~~l"l11lJtJ111"l~'U OD6oonm l'Vhnu 0.02 (tl'a:::lJ1tu 106 l'llm119ie:JiJr~~~(l)'a) 1~t~1i 
'U 

" " mvtl'al~ em ~e:J'lJU~ l vtm 

" n1'al~e:Jiil1~~1'a~tl~lltJtJ'fl~'fl'll"l-r'lr~::: 2 vvh (two-fold serial dilution) 1~t~1i 

~1'a~tl~€11TI'Vlm{\J~ ml"l'lJ1 100 1lJ11"l'a~(l)'a e-J~lJtltJ€11VI1'al~tJ~l~e:J'lJU~lVI'fl1~i1 1 ltle:J{l~t!~ 
'U 

well polystyrene microtiter plate) lil1m1'Ul~lJl~e:J~~'U'Vl~~~tJ-rutJ~mrull6i'1r~~ 1 tJ 100 

1lJ 1m~ (I) 'a (m1lJloVlJoV'U~~Vf1tJ"l.le:J'I~1'a~tl~mfl 'Vlm{\J~ 'flll"l'lJ1 e:JtJl t!~1'1 0.02-25.00 iJr~~n-rlJ 
' 'U 'U 

19ie:JiJr~~~(l)'a) ~1vt-ruvt~lJ~~mtJ~lJ~lU'U'fltJ (negative control Vl~e:J non-treated control) 1~ 

l~lJ l ~eJ~~'U'Vl~tJ1~tJ~1~i1~1'a~~1l ~€1 l ~eJ~'UfJ'Ulll ~eJ~1lJ1'at1llil~qj 1~ 'UeJ1V11'aJ'U 1 611'U~~ 
1"11tJI"llJ~lU'UtJ1n (positive control) 1-t'~l'a'fl:::mtJI"l'flm~n"S~t! 0.1 n-rlJ ltle:J{l~'U~ Vl'fllJ~i1 , , 

€11VI1'a ll\911~i1l ~€1 1m 'Un1'a(l)'a11il~e:JtJn1'aU'Ul~eJ'U (contamination) ll'fi:::VI'fllJ~iJmvt1'atltJ~1'a~tl~ 
' 

~1"111lJ loVlJoV'U\911~ 1 lU'Ull tJ'fl'lfi"l.Je:J~lB'Vl~~e:JtJ (blank control) ~UlnJwJlJ l ~€1.} t!Ml11:::~l VllJ1:::~lJ 

"l.le:J~l~ml19ir~:::'lli1~ltlt!nm 24 .a-11lJ~ l~e:JI"l'aunm~n1vtt!~6i'1~l'llr~~~e:JtJ1 t!~m1:::ll'I"Jrl'l1 'VliJn 
'U 

n1'a'Vl~6'1eltJ MTT assay 

'Vl~~e:JtJoV1~19i't! UlJ~ 3 7°C lUt!nm 3 .a-11lJ~1 t!~i1~ l~e:JI"l'atJl1m~~~1'a'fl:::mtJ~~ ~U1nJt~6i'1~~ 
'U 

(l):::ne:Jt!~1tJ 100 ltle:J{l~t!~ DMSO 100 1lJ11"J'a~(l)'a UlJ~ 37°C lUt!nm 15 t!1~ ~UlnJt!~~ 
'U 

ll~~~1ml"l~e:J~ Elisa plate reader ~1"111lJtJ111"l~'U 570nm 1'11~1~1~"0J:::lUt!tl~mrul~e:J~'ae:J~~l(l) 

1 'U 1 u 1e:JYJ~lJ l~e:J'I"OJ1n~1'a~lJ'U1 'I"J'am i'Vl~~e:Ju 1 t!~"~~'~ffi ~~ ~~L1t~l'l1~1~"0J1nm'a'Vl~~e:Ju~'~l9i'e:J~1111tl 
' 
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QJ ~ .<::t.o<;::,l d t.l t.l d I QJ 

E;l'U nuLL 'UE;l\lfl"lle:J\115'VlV~" e:J'U'Vlfl11l.l L "lll.l"ll'W'Vl L 'Vl1n'W 

~e:J{l.l~1 L U'W 1 u 1BYJ~l.l"lle:J\IL ~B:U~'W'Vl~~:u1n"m 
' " 

o/o Inhibition = [1- (A570 ofthe test/ A570 of non-treated control)] x 100% 

LLE;l~ 90 L'l.Je:J{L~'W\9] ";i1tl\11'WLU'Wfl1 MBIC50 and MBIC90 (minimum biofilm inhibition 

concentration) vhm";i'VlV!"e:J'U 3 fl#\11\ilmL~E;l~fl#\lvh 2 .J1 

(Eradication of biofilm formation) bliltJ15 MTT assal3
· 

54 

n1";i'Vl\il"e:JudL U'Wm";if'in~1~'VlB"1";i'Vl\il"e:Ju 1 'Wn1";ifh~lilL ~B1 'W"m1~ 1 u 1BYJ~l.l 
bliltJ15 MTI assay ~\I'Vl~nn1";ibbE;l~15m";i'Vl\il"e:J'U:U~fl~1tJtl'Un1";if'in~1m";itJ'U~\Im";i~e:J{l.l~1LU'W 

1 'U be:JYJ~l.J"lle:l\l b ~e:l\l~'W'Vl~~ bb~\1~~1\ltl'W~ n1";i'Vl\il"B'Uffi~~"1";i~~e:l\ln1";i'VlVJ"e:l'U'Vl~\l\11n~L ~e:le:l~ 
' " 

n1";iE;l~mtJ~lltJ 20 L'l.Je:J{L~'W\9] DMSO LLE;l~'\.J1'utJ~mmli11tJB1'\Il1";iLitJ\IL~B'lltJ\ilL'Vlm'Vl~B 

"1";iE;l~mtJ~Bm ~~u~L~e:J{ 

"1";iE;l~mtJ"1";i MTI 1'Vl'11i1fl11l.!Loifl.l-if'WL~l.l~'WL'Vhnu s JJE;l~n1'l.l~e:JJJE;l~~V~";i 1'W 

"1";iE;l~mtJ~B" L ~~u~ L~B{~'\.J";i1Pl:u1m~B 



21 

" 
fiB A. octinomycetemcomitons bb~~~-;lbb'Vl'Wb;um1 fiB C. olbicons ATCC 90028, 

C. tropicolis ATCC 66029 bb~~ C. dubliniensis MYA-577 1~m~t.J~b~B1'WB1~1'H~t.J~b~B'lJ'W~ 
b~m 1-tl~tf111~b~1~b~t.J~~~mJ1~~ 2 bU'Wnm 18-24 i11l-l~ lil1mTwJ-r'UtJ~lJ1rub~B~'Vl~~B'U1~iJ 

rhmJ~~fl~'Wbb~~~fl11l-lt.l11fl~'W OD6oonm whn'U 0.02 (tJJ~mru 106 b"IJ~~~B:D~~~m) 1~t.~H 
'U 

~~1~ bb 'U'U~1~'El~ 1 'U 1B~~lj ~ 24 i11l-l~ 1~t.J 1~ b ~eJ~tJ-r'UtJ~lJ1tubb~1~~ 1 'Wtn~ 

~m~~m~t.J~b"IJ~~n'Wbb'l.J'W'llil~ 96 ~~lJ (flat-bottomed 96-well polystyrene microtiter 

plate) tJ~lJ1~J 100 1l-l1fl'j~\?JJbb~~b~lJB1~1Jb~t.J~b~B'lJ'W~b~m~:ti 1 btJB1b~'WI?1 mucin tJ~lJ1\?I J 

1 oo 1l-l 1fl'j~\?JJ lil1nt!'WLJlJ 1 'U~m1~ b ~m~~l-l'lJB~ bb~~~b ~B\?11l-l\?11J1~~ 2 b tl'Wnm 24 i11l-l~ bdeJ 

fl'j'IJ nm~n1~'W~~1~ b"IJ~~~'Elt.l 1 'WM111~bb ~~~ 1 'Vlilflb"IJ~~~~~1t.I~1J~~mt.JvJ'EJ~b vJ\?!UvJ b vJB1 ~ b'El'lJ 
'U 

(two-fold serial dilution) 200 1l-l1m~m1tJ1'Wm~~m~~m~t.J~b"IJ~~n'Wbb'U'W'lJ'W~ 96 ~~l-l~ffi'U 
' 

1B~~l-lmt.~ 24 i11l-l~ (fl11l-lboVl-loV'W'lJB~~1J~n~B111'Vlfl11u~ mfl'll1 Bt.~1'W"Ih~ o.o2-25.oo 
' 'U 'U 

:D~~n-rl.l~B:D~~~\?IJ) Dl-lb~'El 1 'W~.fl11~~b~lJ1~~lJ'lJB~b~mb~~~'lJ'W~bU'Unm 24 i11l-l~ LdeJfl'j'lJ 

nm~n1~'W~~1~ b"IJ~~~'Elt.l 1 'WM111~ b ~~~ 1 'Vlilflb"IJ~~~~~1t.I~1J~~mt.JvJ'EJ~b vJ~uvJ b vJB1 ~ b'El'lJ 7.0 
'lJ 

n1J'VI~~eJ'U MTT assay 

'Vl~~€l'UoV1~~'W Dl-l~ 37°C bU'Wnm 3 i11l-l~1'W~:ti~ bdBm'Unm~~~1J~~mt.J~~ lil1nt!'W~1~~ 
'U 

\?l~fl€l'W~1t.J 100 btJB1b~'WI?1 DMSO 100 1l-l1flJ~I?lJ Dl-l~ 37°C bU'Wnm 15 'WTVi lil1nt!'W~~ 
'U 

bb~~~1CJbfl~'El~ Elisa plate reader ~fl11l-Jt.l11fl~'W 570nm rh~l'~ 1~1il~bU'WU~lJ1tub~'EJ~'j'EJ~~1\?l 

1 'W 1 'U 1e~~~lj b ~'El~lil1fl~1J~lJ'W 1 ~Jvn .u'Vl~~€l'U 1 'Wflt~m ~~ ~~t!'Urh~11'llil1fl mJ'Vl~~el'U~~~el~'t.h 1 u 
' 

~'Un'U Lb 'U~~fi'lJeJ~15'Vl~~ eJ'U~ fl11l-l L il-li'W~ L vh n'W Lb~1'111ri1~11'lf11'W1 rub tJ €11 L ~'WI?1 m Jn1~ ~ L ~B 1 'W 

~.fl1'l~ 1 'U h~~l-Jiil1fl~\?IJ 
'U 
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o/o Eradication = [1- (A570 of the test! A570 of non-treated control)] x 100% 

bb~~ 90 b'l.JB{b~'W~ 11tJ~1'WbtltJfh MBEC50 and MBEC90 (minimum biofilm eradication 

concent ration) vl1n11VI~6'1B'U 3 f1~~ 1~mbtli~~f1~~vl1 2 ~1 

" CHx+l'lffl 

m11bf111~~VI1~6'1~~~-m Mann-Whitney u test b'l.J1m.JbYitJ'U')VI~"'..B~6'1116'1nm~vd1~~~VI~6'1B'U 

.ffi~6'1116'1n~n'U"'..~f11'Uf1~m~1~6'1116'1n~ ("1J~f11'Uf1~~'U) ~1f111~bbl?lnlli1~B~1~ntrtJEi1'1~'1).VI1~6'1~~ 
'I , 'I , ..., 

Vi p <0.05 
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"" tl ~~~ .d 1~(1 ~::G'I~~"!.IeJ'Vl 1 
' 

fin'lof1~H'I"UeJ~rn~~ut~~~·e:~rn~~1b~Biil~h.!Vl~tJ1~tJ?!1~?!n~mft Vlf1T~t1?! mf1"U1 \9lm~miB 1 ~r11 'U 
, 'lJ 

'liB~tl1n 1 'U?!.f111~ bb '\"161~ 1 VJiJm"llm~ 

< " " 
lil1nrn~Vl~?!B'U~V15rn~~'U~~ b ~e:1~1\i\1tJ16 agar -well diffusion 'V'l'Ul1?!1~?!n~ 

mft V1r11~t1?! m~"U1 iJ~VJ~1 'Urn~~ut~rn~blil~t1Jb~u 11'1"UB~ b ~m1 bb61 ~ bdeJVJ~?!B'U~1m1~b -t'~-t''U 
?!1~~1~~~iJ~V1~1 'U rn~~ut~ f11~blil~t1Jb~'U 11'1"llmb ~m1 (MIC) 'V'l'Ul11"111~b -t'~-t''U 1 'Ufn~~'Ue~ fll~ 
blil~rub~'U 11'1b~eJ"UeJ~?!1~BtJ1 'U'li1~ 0.05 ~~ 3.12 iJ6l~n1~~e:JiJ61~~~~ bb61~tl~mru"UeJ~?!1~~1?!~~ .., 'lJ , 

~V1~1 'Ufl1~~1b~m11\i\ 99.9 btleJ~b"ll'Uii (MFC) f111~b-t'~-t''Uffi m 'Uf11~~1b~eJ"lleJ~?!1~eJ~1 'W'li1~ 
0.10 ~~ 25.00 iJ6l~n1~19ieJiJ6l~~m (~1~1~~ 3) 

C. albicans ATCC 90028, C. tropicalis ATCC 66029 bb61~ C. dubliniensis MYA-577 1~tJ 

m1~b-t'~-t''U~ 2xMIC bb61~ 4xMIC ?!1~1~(1~'\Jt~b~eJ 5. mutans ~11\i\~nm 12 bb61~ 8 -8'11~~ 

~1'Ub~eJ A. actinomycetemcomitans ~11\i\~nm 8 bb61~ 6 -8'11~~ ~1'Ub~eJ Candida spp. VJn 

~1~11\i\~nm 8 bb61~ 6 -8'11~~ (~tl~ 5) 1'Wf111~b-t'~-t''U~ 1xMIC ?!1~?!n~il~V1~1'Urn~~'Ut~b~mbl9i 

hlil~V1~1 'Uf11~~1b~eJ ~1'U 0.1 n1~ btleJ~b~'Uii f16lm~n6fi~'U (positive · ~~ntrol) ?!1m~t1~1 

b~Biil~'l.!Vl~~~~ 3 "UiJ~ 1\i\mtJ 1 'Unm 30 'U1Vi , 

b~eJ~~'UVl~~ \i\1tJmi'eJ~~61Vl~~Plt1Bb~nmeJ'Ubb'U'U~eJ~m1~ (scanning Electron microscopy) 1~tJ 
1 .ff?!1~?!n~~f111~ b -rr~-rr'U~1?!~~?!1~1~t~ti'ut~rn~blil~ru b~'U 11'1"lleJ~b ~eJ bbl9i6l~"UiJ~ (MIC) b tl~tJ'U , .., 

b VitJ'Un'U"ll~r11'Ur1~ (1 0 b tleJ~b~'Uii DMSO) 'V'l'Ul1~n'\ofru~b"ll61~ bb 'Ur1Vll~tJ~~bbm~'U1nbb61~ bbm~6l'U , , 

~Vl~?!eJ'U\i\1 tJ?!1~?!n~mft Vlf11~t1?! mf1"U1 ilrn~b tl~ tJ'Ubb tl61~ 1 tl bdm VitJu nu"U~f11'Uf1~ ~n'lofru~ 
'lJ , , 

v ' 

~1'Ub~m1~n'\ofru~Vi 
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"' ~ .r f'111~b-u~-u'U"lleJ-!I~T'a~n~eJ1'fl'VIfin{iht "1~"111 
~1f.JYl'U5"lleJ-!I b "'jeJ ... • "ll'U1~ bSlJ'UnTHi'tnj'.:J (Vi'tl1f.l iJ"~n~~~eJiJ"~~m) 
Candida spp. 

( Vi'll1 f.JiJ" ~ b~~"j) MICa MFCb 

C. olbicons ATCC 90028 20 ±0.13 0.78 1.56 

C. olbicons ATCC 10231 15 ±0.14 1.56 3.12 

C. dubliniensis MYA-577 15 ±0.21 0.78 1.56 

C. dubliniensis MYA-646 20 ±0.15 0.78 1.56 

C. globroto ATCC 66032 20 ±0.13 1.56 25.00 

C. globroto ATCC 90030 18 ±0.06 1.56 12.50 

C. krusei ATCC 34135 13 ±0.06 3.12 25.00 

C. krusei ATCC 6258 14 ±0.10 3.12 25.00 

C. tropicolis ATCC 66029 28 ±0.05 0.05 0.10 

C. tropicolis ATCC 750 19 ±0.15 0.78 12.50 

C. troe_icolis ATCC 13803 20 ±0.06 0.78 25.00 



25 

b 

a 

fl1'Uflll~'U) llim~e:J C. tropicolis ATCC 66029LI?ltJl5 Agar well diffusion assay 
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0 
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Incubation time (h) 

bb'UI"lVib~tJbbn-a:w'lnn 1\ii\ui b~e:J 5. mutans (A) bb'UI"lVib~tJbbn-a:w~u Hi'Lbn A 

actinomycetemcomitans (B) bb~~b~e:JJ1 Hi'Lbn b~e:J C. albicans ATCC 90028 (C), 

C. tropicalis ATCC 66029 (D) bb~~b~e:J C. dubliniensis MYA-577 (E) m:w6\'1\ilu ~ 

~1-:Jb1~1~1-:J~ b~mJ:wlii'1mn-al.'1n~e:J1~b'Vlrl1~Di.'1 ~1~"ll1~1"111:WboU:WoU'W Ox MIC 

( ___._ ), 1x MIC (-o- ), 2x MIC (---"f'- )4x MIC (--6-- )bb61~1"l~m~n"&~'W 0.1 

n-r:w bUe:J1b~'W~ (-) b~tJ16 Time-kill curves assay 
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n1'a'Wel'hJ~1LU'W1'ULBVJ~lll?im~B 5. mutans LL6'1~ A. actinomycetemcomitans ~111nn'J1~~B 

LVhrl'U 50 L'lhl'h~w;) ~B 0.39±0.11 LL6'1~ 0.10±0.09 iJ6't~n-r11\?leJiJ6'1~~11l'a 111111~1~'U LL6't~r11111 

Lilli'W~~1111'atl~'U~-:Jn1'a'WB111~1LU'W1'ULBVJ~11111nn11~~mvhn'U 90 Li.JB1L~'W\I) ~B 3.12±0.02 

LL6'1~ 0.39±0.10 iJ6't~n-r111?ieJiJ6'1~~11l'a 111111~1~'U ~1~-r'UL~B Candida spp. (C. albicans ATCC 

90028, C. tropicalis ATCC 66029 LL6'1~ C. dubliniensis MYA-577) r11111Lilli'W~i.'l1111'atl~'U~-:J 
n1"a'WeJi1!~1Ltl'W1'ULBVJ~11111nn11~~mvhn'U 50 Li.JB1L~'W\I) B~~ 3.13±0.23, 0.39±0.12 LL6'1~ 

0.39±0.18 iJ6't~n-rlll?iBiJ6't~~m m11~1~'U LL6't~r11111Lilli'W~~1111"ati~'U~-:Jm"a'W€11:w~1Ltl'W 1 'U L€1 

VJ~11~.nnn11~~mvhntJ 90 Li.J€11L~'Wii1€1~~ 25.00±0.18, 1.56±0.05 LL6'1~ 1.56±0.29 iJ6't~n-r111?i€J 

iJ6'1~~11l'a 111111~1~'U ("ai.J~ 7) 
'IJ 

VJ~111?im~€J 5. mutans LL6'1~ A. actinomycetemcomitans ~111nn11~~mvhn'U 50 Li.JB1L~'Wii1 

~€1 1.56±0.13 LL6'1~ 0. 78±0.12 iJ6't~n-r11\?leJiJ6'1~~11l'a 111111~1~'U LL6'1~1"11111L illi'W~i.'l1111'atlfhDIY11 'U 

L€JVJ~11111nn11~~mvhntJ 90 Li.J€11L~'Wii1 ~€1 6.25±0.34 LL6'1~ 3.12±0.18 iJ6't~n-rlll?i€JiJ6't~~m 

m11~1~'U ~1~-r'UL~€1 Candida spp. (C. albicans ATCC 90028, C. tropicalis ATCC 66029 

LL6'1~ c. dubliniensis MYA-577) r11111Lilli'W~~1111"amh~IY11'UL€JVJ~11111nn1Tvl~mvhntJ 50 

Li.JB{L~'W\1) B~~ 6.25±0.20, 3.12±0.13 LL6'1~ 3.12±0.23 iJ6't~n-r1JI?ieJiJ6'1~~11l'a 111111~1~'U LL6'1~ 

r11111Lilli'W~~1111"am11~1Yl1tJ1€JVJ~11111nn11~~mvhntJ 90 Li.J€11L~'Wii1 B~~mnn'J1 25.00 
'IJ 

1 'W'll\Ylr11'Ur111'U1n (0.1 n-r11 Li.J€11L~'Wii1 fl6'tm~n68~'W) i.'l1111"atl~'U~-:Jm"a'W€1111~1Ltl'W 1 'U L€JVJ~11LL6'1~ 
' ' 

'llrl\YlL~€11'Wi.'l.n11~1'ULBVJ~ll'll€l-:JL~mr-:J 3 'lli11Yl1~ 100 Li.J€l{L~'W\I) 
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:..J liD 
80 

• * II * II II 

0.02 0.10 0.39 1.56 6.25 25.00 0.10 
%CHX 40 

Extract concentration (mg/ml) 

0 

0.02 0.10 0.39 1.56 6.25 25.00 0.10 
%CHX 

Extract concentration (mg/ml) 

fl1111b-if11-if'W~h-:J~ bb~~fl1111b-if11-if'Wfl~m~n"B~'W 0.1 n-r11 b'IJeJib~'W~ ~m;ffmb'UflVlb~CJ 
" 

bbfld11'U1fl 1~bbn b~el 5. mutans (A) bb'UflVlb~mbmlJ~'U 1~bbn A. 

actinomycetemcomitans (B) bb~~b;ffm1 1~bbn b;ffel C. albicans ATCC 90028 (C), 

C. tropicalis ATCC 66029 (D) bb~~b;ffel C. dubliniensis MYA-577 (E) \91111~1~'U 
b tJ~CJ'U b VJCJ'Utl'U"1l~fl1'Ufl1!.ffi111~611'j?lfl~ ("1l~fl1'Ufl11~'U); ·X· ~1m111 bb\Jl n~1-:Jmh-:J:IJ , , , , 
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Extract concentration (mg/ml) 

~tl~ 8 bb?l~'lbtJeJ{b~'W~n1';iflT·~'~ 1 tJ 1BVJGllJ"lJB'I?IT~?Itl~BTfl 'Vlrn{u?~ m~"lf1 ~f\11lJboUlJoU'W~1'11 

bb~n::m1lJ b oUlJoU'Wfl~m~n:a~'W 0.1 n1lJ LtJB{b~'W~ ~m ~mb ur1Vi L~mLmlJu'Jn 1~Lbn b ~B 

5. mutons (A) bbtJflViL1mLmlJ~tJ 1~Lbn A. actinomycetemcomitons (B) bb~:::b~B11 

1~bbn b~B C. olbicons ATCC 90028 (C), C. tropicolis ATCC 66029 (D) bb~:::b~B 
C. dubliniensis MYA-577 (E) 1?11lJ~1~tJ btJ~tJuLVitJtJtltJ"If~mtJfllJ~hl1~?11<;i?ltl~ ("If~ 

' , ' 
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Lfl1.:J~~1\I"Uel.:J~11.:~ L'll~~m"ilii~~~am1 L -il1-aa n-um~11~ nl'l LL~n~ 1n m1aan ~Vl~ 

~LL 'll'Wel'W"llel.:J~11~tll'lel1TI Vlfl1{u~ mfl"ll1 ~'11lJ~11J11~~1tl1~a~1.:Jii'IL"il'W 1 'Wn11Vll'l~a.:Jd iJ 
~ ' 

n11~f1'1~1tlel'W'VIti1~~f1'1~·1~Vl~"lla.:J~11 resveratrol ~m;ffa Botrytis cinerea Vl~fl11~LV11 ~\ILU'W 

L ;ffm1"ll'WI'IVI~.:J~.:Jna 1 ~Lfli'IL1fl1 'WYl"liLP11~;in"il'VImtJ"ll'WI'l 1 'Wn11~f1~1'vftr'l1~11 resveratrol lJt:J~ .. 
~eln11vl1.:11'W"llel.:J membrane proteins ~.:JLU'W~1fl1'U~1Jn11~1'WL-if1-elelf1"llel.:J~11~1\I~ -ua.:~ 

"il~'WVl~~ Ll'ltJ1tl1'Uf1d'Wn11vl1.:11'W"lla.:J L'll~~ mitochondrial LL~::: nuclear membranes57 

' 
'Welf1"il1f1d~.:~iim1~f1~1~Vl~"llel.:J~11~tll'lel1TIVlfl1{tl~ m~"l!1 ~m;ffa Fasciola gigantica ~.:JLU'W 

'V'Im51 'W~'U~.:Jna 1 ~Lni'IL1fl fasciolosis 'V'I'U11iit:J~vl11 ~L~el~1JL'Il~~iim1L tl~tJ'WLL tla\16'1.:~~~ 1 ~ 
' 

tlljn~tJ1 oxidative phosphorylation 1'W mitochondrial Lnl'lm1L~tJVI1tJ 58 ~.:~d~11G1'1~qJ~LU'W 

tl1:::f1eJ'UVI~f1"llel.:J~11~tll'lmTIVlfl1{tl~ m~"ll1 fia oxyresveratrol ~\lrnfl1\1~~1.:1Vl1\1Lfliifl~1tltl'U 

f1~1JYJ'Wa~~n1m"il'W (halogenated phenol) -ua.:~m L"li'Wm nitroxynil ~.:~J'Wm1elelf1~Vl~"lla.:J~11 

~.:Jm"iliifl111Jfl~1tlfl~.:Jtl'W fia~11"il::: 1 tliit:J~~atlljn~m oxidative phosphorylation vh 1 ~ 

tlljn~tJ1Lni'!~'W1~,jatJ~.:J LL~~\Ifl.:Jiin11"U'W6'f\laL~f1\911el'W (Na +, K+) 'V'I~.:I.:I1'W~Lnl'l~'W 1lJ'l111tJ~~1.:1 

ATP LL~Ltl~tl'WLU'W'V'I~.:J.:J1'Wfl111J~el'W 'Welf1"il1f1d~\16'f.:J~~ 1 'IX Na + LL~:::tl11VI~L-if16'fL'I!~~vl11 ~L'Il~~ 
~ 

Lfil'lf111'U11J61.:J Lf11911~"il1 f1 f111~f1~1n11~f1~1'V'I tJ151 'lJ 1~~'U 

nitroxynil59
• 

60 

(Fasciola hepatica) 

LdaLmtJ'UL VitJ'U~~f111~1'WL ;ffa 1 'W~.fl11:::LL'V'I~.:J L Vl'Wf1L'Il~~ LL~:::~.fl11::: 1 'lJ LeJYl~1J"llel\l 
L;ffa "il~'WVl~~'V'I'U11~eJ.:J1ifl111JL-iJ1J-if'W"lla.:J~11~tll'lel1TIVlfl1{tl~ mfl"ll1 ~~\I~'Wtl1:::1J1UJ 4-8 L'Vh ' ~ ~ 

1 'Wf111~1'WL;ffa 1 'W~.fl11::: 1 u 1aYJ~1J 'WeJf1"il1ndfl111JL-iJ1J-iJ'W~H1 'Wf111thili'IL;ffa 1 'W~m1::: 1 u 1aYl~1Jn 
~.:JiJrh~.:Jf111fl111JL oif1J-if'Wm m 'Wf111~'U8\In11~~1.:1 1 'lJ 1aYJ~1J'VIa1tJL'Vh~1 "il1f1~~"llel.:Jf111~'U8\If111 

~ 

vJa{1J~1 L U'W 1 u 1aYl~1J"lleJ\I L ;ffa"il~'WVl~tJ1 'Wf111Vll'l~aud ii-ifa61.:~ Lf119111~fl1fl111J L oif1J-if'W-ua.:J~11~tl~'~ 
' 

mTIVlfl1{tl~ mfl"l!1~ MBC ~.:Jfl\liiL;ffa~ii~11911eJI'l 11'lm;ffa~11J11~vJa{1J~1LU'W1u1aYl~1J1~ LL~::: 
~ 

1 ~rl1 L tJa{ L ~'W\911 'W f111~'U8.:Jf111'Y'JeJ{1J~1~,jeltl~.:J"llel.:J L ;ffa LL 'UflVi L~tl LL~::: L ;ffel11 ~\I~ f111Vll'l~el'Uffi~ 

16'iL ;ffa"il~'WVl~~ti'u~11~nl'!mft Vlfl1{tl~ ~1fl"li1'V'I~a1Jn'WL "li'WL~mti'u 1 'Wn11Vll'l~au MBC ~~~L U'W ' ~ 

L"li'Wdm"ilL'V'111:::1'Wm1Vll'l~aum1~u8-:~m1vJa{1J~1Ltl'W1u1aYJ~1J1miml'l'V'Im~~m~tJ.:~L'Il~~n'W 
LL 'U'W"li'WI'l 96 V1~1J LL~::: 1~L~1J~11 mucin ~.:I 1 iL U'W~11~\I~'WG1'1VI~'Un11~~1\11 u 1aYl~1J"llel\l 

' 

Time-kill curves assay vi'11'1XL;ffau1.:~6'i1'W~11J11~vJa{1J~1LU'W1u1aYJ~1J1~ ~1tJLVI\9ldLa.:Jm"il~1tl 
' ' 

1~11VI1m ;ffaiifl111J~11J11~ 1 'Wf111'Y'Ja{1J~1 L U'W 1 u 1aYJ~1J~~"il:::6'i\l~~ 1 VIL ;ffaiim1~eltl11J1f1~'WLL~::: 

L U'WLVI\911 ~iia'IJ~m1ruf111'V'I'UL ;ffm'VI~1ih~'I.JatJ~'W 1 'W~thtJ L1fl~I'IL;ffa 
' ' ~ 
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f.'l1~?Hl~~TV:Vlfl1~Uf.'l ~1~"ll1 L U'U£.'11~£.'1 n~sa.:j 1~l.JTil1fi5~~l.l"ll1~il')'Vl~1 'U n1~tl'U~.:J 

m~L~~'lJL~u 11i1"llmLLUI"'ViL~~ LL~~L~a~16ii.:JL U'Wf.'l1L'V!\1l"llB.:J 1 ~1"11 u"lia.:Jthn Si1-:Jf.'l1~f.'ln~il')'Vl~1 um~ 
tl'U~.:J L ~aLL 'UI"'Vi L~~ 1~~n'J1 L ~m1 1~~f.'l1l.l1~tltl'U~.:JL ~aLL 'UI"'ViL~~"llU~ LLn13-m'U 1~~ n'J1 LL 'UI"'Vi L~~ 

"llU~LLn1l.l'U1n Lda 1 oUf.'l1~~tJ~l.J1t:UL vh tl'U ~.:Jffi 'tXt-~~ L "li'WL~m tl'Un1~'Vl~f.'ltl'Un1~tl'U~.:Jn1~f.'l~1-:J 
1 u 1a~al.JLL~~m~fi'1-;ij'~L~a 1 uf.'l.n11~ 1 u 1a~al.l 1~~tJ~~~hlfim'V'I"lla.:Jf.'l1~~~:nua~nul"l11l.lL-ii'l.l-i!u 

'U -
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INTRODUCTION 

Antimicrobial properties have been derived from 
a wide range of plant extracts. Natural products 
are sources of chemical compounds that can be 

Revised accepted. 19 June 2014 

used as antimicrobial agents. Arlocarpus 
/akoocha Roxb (Moraceae) is a traditional herbal 
medicine, which is commonly found in tropical 
areas such as India and Thailand. The 
oxyresveratrol, 2, 4, 3.. s· -tetrahydroxyst~bene, 
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is the major constituent of aqueous extract of 
Artocarpos lakoocha which has been revealed as 
a natural anthelmintic [1] and anti-herpes simplex . 
virus (HSV) both in vitro and in vivo studies [2,3]. 
It has also been reported to show in vitro anti­
varicella zoster virus activity [4,5]. Another study 
has suggested that oxyresveratrol was 
neuroprotective and inhibited apoptotic cell death 
in transient ischemia in a rat model [6]. A. 
lakoocha extract has a potential application as a 
novel skin whitening agent in cosmetic 
preparations [7], due to its potent tyrosinase 
inhibitory [8] and antioxidant activities [9]. 

Oral diseases, including dental caries and 
periodontal diseases, are commonly caused by a 
wide range of microorganisms associated with 
oral biofilm or dental plaque [10,11]. Recently 
study reported that oxyresveratrol exhibited 
antibacterial activities against periodontal 
pathogens, P. gingiva/is and A. 
actinomycetemcomitans [12]. Our previous study 
indicated that A. /akoocha extract may be a 
useful antimicrobial medication for endodontic 
treatment, due to its ability to inhibit growth of 
Enterococcus faeca/is [13]. However, information 
of the antibacterial property of A. lakoocha 
extract against oral pathogens is still limited. 

This study is aimed at investigating the 
antimicrobial and antibiofilm activities of A. 
/akoocha extract against oral pathogens as well 
as the potential health benefits of the extract. 

EXPERIMENTAL 

Preparation of A. lakoocha extract 

The dried powder of the aqueous extract of A. 
Jakoocha was purchased from a Thai traditional 
drug store at Chiang Mai province, Thailand, in 
January 2005. Oxyresveratrol, a major 
compound of A. /akoocha extract, was verified to 
be > 95 % purity using a high performance liquid 
chromatography by Dr Jindapom 
Puripattanavong, Department of Pharmacognosy 
and Pharmaceutical Botany, Faculty of 
Pharmaceutical Sciences, Prince of Songkla 
University. The extract was stored at -20 •c and 
a voucher specimen (no. SKP117011201) was 
deposited at the herbarium of the Department of 
Pharmacognosy and Pharmaceutical Botany, 
Faculty of Pharmaceutical Sciences, Prince of 
Songkla University, Hat-Yai, Thailand. A 10 % 
(w/v) stock solution of A. /akoocha extract was 
prepared in 10% vlv dimethyl sulfoxide (DMSO) 
for use in this study. 

Bacterial strains and growth conditions 

A total of 11 species were employed in the study 
including five (5) Gram positive cariogenic 
bacteria (S. mutans ATCC 25175, S. sobrinus 
ATCC 33478, E. faeca/is ATCC 19433, 
Lactobacillus fermentum ATCC 14931, and 
Lactobacillus salivarius ATCC 11741) and six (6) 
Gram negative periodontopathogenic bacteria (A. 
actinomycetemcomitans ATCC 33384, P. 
gingiva/is ATCC 33277, Prevotel/a intermedia 
ATCC 25611, Prevotella nigrescens ATCC 
25261, Fusobacterium nuc/eatum ATCC 25586 
and Tanerella forsythia ATCC 43037). 

Organisms were maintained on either brain heart 
infusion agar (BHA) with 5 % (vlv) blood for 
facultative bacteria and supplemented with a 0.5 
% (wlv) yeast extract, haemin and vitamin K for 
anaerobic bacteria. The strains were grown 
under aerobic or anaerobic (10% H2, 10% C02 

and 80 % N2) conditions as appropriate. 

Antibacterial assays 

Agar diffusion test 

The broth culture of each tested strain 
(approximately 107 cfu/ml) was mixed thoroughly 
with the sterile BHA (20 ml) and then poured into 
a plate with 6-mm diameter metal cups. The 
metal cups were removed after the medium has 
set, and then in the wells were added 100 JJI of 
10% A. Jakoocha extract, while 10% DMSO was 
used as the control. The plate was incubated in 
appropriate conditions according to 
microorganisms tested at 37 "C for 24 h. 
Antimicrobial activity was evaluated by 
measuring inhibition zone diameters; the 
experiments were conducted iR triplicate. 

Minimal inhibitory and minimal bactericidal 
concentration 

The minimal inhibitory concentration (MIC) of A. 
lakoocha extract against each tested strain was 
determined using the Clinical and Laboratory 
Standards lnstitute-(CLSI) recommended broth 
microdilution assay as modified Briefly, two fold 
serial dilutions of A. /akoocha extract were 
prepared with brain heart infusion broth (BHI) at 
a total volume of 100 JJI per well in the 96-well 
plates. The final concentrations of A. lakoocha 
extract ranged from 25-0.01 mg/ml. The 
microtiter plate wells were inoculated with 100 IJI 
of 0.5 McFarland for each tested strain per well. 
After overnight incubation at 37 oc appropriate 
conditions, absorbance was measured at 600 nm 
using a microliter plate reader (Expert Plus UV; 
ASYS Hitech GmbH Eugendorf, Austria) to 
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assess the cell growth. The negative control 
consisted of BHI broth and bacterial cell 
suspension without the agent, and the blank 
control contained only the medium. The MIC · 
end-point was defined as the lowest 
concentration of the test agent that completely 
inhibited growth or produced at least 90 % 
reduction of absorbance in comparison with the 
negative control. All experiments were performed 
in triplicate and the average values were 
reported as MIC. 

The minimal bactericidal concentration (MBC) 
was defined as the lowest concentration of wells 
that did not allow visible growth when 1 0 !JI of the 
well contents was plated on agar and grown 24 -
48 h at 37 •c in appropriate conditions. 

Time kill assay 

Bactericidal activity of A. lakoocha extract was 
examined using a time kill assay. Growing 
cultures (106 cfu/ml) of each representative 
strain, Gram positive (S. mutans ATCC 25175) 
and Gram negative bacteria (A. 
actinomycetemcomitans ATCC 33384), were 
added to appropriate medium and exposed to 
1 x, 2x and 4x the MIC of A. /akoocha extract. 
Samples were taken for colony counts at 0, 30 
min, 2, 4, 6, 8, 10, 12 and 24 h. The viable 
counts were determined after appropriate 
incubation and each experiment was performed 
in triplicate. Chlorhexidine diacetate 
monohydrate (CHX, 0.1 %) and extract free 
medium were used as the positive and negative 
controls, respectively. 

Antibiofilm assay 

Inhibition of biofilm formation 

The effect of A. lakoocha extract on biofilm 
formation of each representative strain, S. 
mutans ATCC 25175 and A. 
actinomycetemcomitans ATCC 33384, was 
examined using the modified microdilution 
method of Tang et al [14]. Briefly, two-fold serial 
diluted concentrations from 25 to 0.01 mg/ml of 
A. /akoocha extract were made in a flat-bottom 
96-well microliter plate. The CHX (0.1 %), 
phosphate buffered saline and the medium alone 
were used as positive, non-treated and blank 
controls, respectively. An equal volume of the 
tested strains (1 x 106 cfu/ml) was added and 
mixed with the agents, except in the well with 
medium alone (the blank control). Following 
incubation at 37 •c for 24 h, supernatants were 
discarded and washed three times with 
phosphate buffered saline Biofilm formation was 
quantified using a 3-[4, 5-dimethyl-2-thiazolyl]-2, 

5-diphenyi-2H-tetrazolium-bromide (MTT) assay. 
The numbers of surviving bacteria were 
determined by measuring their ability to reduce 
the yellow tetrazolium salt to a purple formazan 
product at 570 nm. The OD values indicated a 
number of surviving microorganisms in the 
biofilm. Percentage inhibition was calculated 
using an equation (1 - (A570 of the test/A570 of 
non-treated control)] x 100. The biofilm inhibition 
concentration (MBIC50 and MBIC90) was defined 
as the concentrations that showed 50 % and 90 
% inhibition of biofilm formation. 

Eradication of biofilm formation 

The antimicrobial activity of A. /akoocha extract 
in the biofilm was also examined using the 
mm1mum biofilm eradication concentration 
(MBEC) assay. Briefly, 200 jJI (106 cfu/ml) of 
each representative strain, S. mutans ATCC 
25175 and A. actinomycetemcomitans ATCC 
33384, was inoculated into each well of the flat­
bottom 96-well microliter plate and incubated for 
24 h in appropriate conditions at 37 •c. After 
biofilm formation, the medium was then blotted 
out and the well carefully washed three times 
with sterile phosphate buffered saline in order to 
remove non-adherent cells. A. /akoocha extract 
was then added to the biofilms in two-fold 
dilutions serially from 25 to 0.01 mg/ml and 
incubated for 24 h in appropriate conditions at 37 
°C. At the end-point of the treatment of the 
biofilms with A. lakoocha extract, the adherent 
bacteria were washed three times with sterile 
phosphate buffered saline. The numbers of 
surviving bacteria were determined by a . MTT 
assay. The MBEC value was defined as the 
concentrations that showed 50 % and 90 % 
inhibition of biofilm formation on the biofilm. And 
0.1 % CHX, phosphate buffered saline and the 
medium alone were used as the positive, non­
treated and blank controls, respectively. The 
percentage eradication was calculated using an 
equation [1 - (A570 of the test/A570 of non­
treated control)] x 100. 

Scanning electron microscopy 

A scanning electron microscopy (SEM) was 
performed to examine the morphology changes 
of each representative strain inS. mutans ATCC 
25175 and A. actinomycetemcomitans ATCC 
33384 after treatment 'Nith 10 % DMSO or 0.1 
mg/ml A. /akoocha extract as the control and 
treated sample, respectively. After 8 h incubation 
at 37 •c in an appropriate condition, the bacterial 
pellet was collected and washed twice with 
phosphate buffered saline with pH 7 by 
centrifugation at 1000 rpm at 4 •c for 5 min. The 
bacterial pellet was fixed overnight in 2.5 % 
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glutaraldehyde and 0.1 M cacodylate buffer at 
cool temperature, and then dehydrated in a 
graded series of ethanol solutions for 30 min. 
The samples were subsequently dried by a 
critical point drying method and coated with gold. 
The microbial morphology was observed with a 
field emission SEM. 

Statistical analysis 

Data were expressed as mean and standard 
deviation {S.D.) by computational analysis from 
triplicate independent experiments. 

RESULTS 

A. lakoocha extract was evaluated for 
antimicrobial potential against oral pathogens by 
an agar diffusion assay, the results of IM\ich are 
shown in Table 1. All tested strains were 
susceptible to A /akoocha extract with variable 
degrees of inhibition zones. The extract was 
found effective against both Gram positive 
bacteria and Gram negative bacteria. The 
solvent control, 10 % DMSO, did not affect 
microorganism gro\Nth. The MIC and MBC of A. 
/akoocha extract as evaluated by a microdilution 
assay are shown in Table 1. The most 
susceptible strains were S. mutans, P. gingiva/is, 
F. nuc/eatum and T. forsythia with MIC of 
approximately 0.1 mg/ml and MBC 0.2 mg/ml. 

Time-kill curves were performed for 2 
representative oral pathogens (S. mutans and A 
actinomycetemcomitans); the killing activity 
depended on time and concentrations of A. 
lakoocha extract. Generally, 1x MIC could 
reduce the number of the CFU by approximately 
50 %, although complete sterility was not 
achieved. At 4x MIC and 2x MIC, S. mutans was 

killed after 8 and 12 h, while A 
actinomycetemcomitans was killed after 6 and 8 
h, respectively (Figure 1). The killing of the 
positive control (CHX) was observed within 30 
min. 

The concentrations of A. /akoocha extract 
required to inhibit of the 2: 50 % biofilm formation 
(MBICso) of S. mutans and A 
actinomycetemcomitans were 0.39 ± 0.11 and 
0.10 ± 0.09 mg/ml, and for 2: 90 % inhibition of 
biofilm gro\Nth (MBI~o) were 3.12 ± 0.02 and 
0.39 ± 0.10 mg/ml, respectively (Figure 2A). The 
eradication of the biofilm formation of S. mutans 
and A actinomycetemcomitans by A /akoocha 
extract at various concentrations and v.1th 0.1 % 
CHX is demonstrated in Figure 28. The 
concentrations of A. lakoocha extract to 
eradicate of the 2: 50 % biofilm formation 
(MBEC50) of S. mutans and A 
actinomycetemcomitans were 1.56 ± 0.13 and 
0.78 ± 0.12 mg/ml, and for 2: 90 % of the 
eradication of biofilm growth (MBEC90 ) were 6.25 
± 0.34 and 3.12 ± 0.18 mg/ml, respectively. 

In Figure 3, the change in morphology of S. 
mutans and A actinomycetemcomitans was 
observed using SEM after treating 0.1 mg/ml of 
A. lakoocha extract in comparison with the 
control (10 % DMSO). Bacterial cells of S. 
mutans and A. actinomycetemcomitans in control 
groups showed a regular, smooth surface as 
shown in Figure 3A and C, respectively. It 
revealed that the bacterial cells after treatment 
with A. /akoocha extract lost their original shape 
showing a distorted, irregular cell wall structure, 
which was clearly observed in A 
actinomycetemcomitans (Figure 3D). 

Table 1: Inhibition zone, minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 
of A. fakoocha extract against oral pathogens (mean ± SD, n = 3) 

Bacteria strain inhibition MIC(mg/ml) MBC (mg/ml) zone (mm) 
Gram positive bacteria 

S. mutans ATCC 25175 30.5±0.00 0.10±0.00 0.20±0.00 
S. sobrinus ATCC 33478 16.0±0.35 0.39±0.00 1.56±0.00 
E. faecalis ATCC 19433 18.2±0.00 0.39±0.00 3.12±0.00 
L. fermentum ATCC 14931 17.7±0.35 0.39±0.00 0.78±0.00 
L. salivarius ATCC 117 41 15.0±1.41 0.10±0.05 0.78±0.00 

Gram negalive bacteria 
P. gingiva/is ATCC 33277 21.0±1.41 0.10±0.05 0.10±0.00 
P. intermedia ATCC 25611 30.5±0.70 0.20±0.05 0.20±0.00 
P. nigrescens ATCC 25261 25.5±0.70 0.39±0.00 0.39±0.00 
F. nucleatum ATCC 25586 30.7±0.35 0.10±0.00 0.20±0.00 
T. forsythia ATCC 43037 29.0±0.00 0.10±0.00 0.20±0.00 
A. actinomycetemcomitans ATCC 33384 29.5±2.12 0.10±0.00 0.20±0.00 

ATTC American Type Culture Collection 
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Figure 1: Time-kill curves of A. /akoocha extract 
against S. mutans (A) and A. actinomycetemcomitans 
(8). Bacteria stains were incubated with Ox MIC 
( -e- ), 1" MIC (-o--- ), 2>< MIC (__.._ ) and 4>< 
MIC (-.c.- ); 0.1 %(w/v) CHX (- ) over time; 
CFU = colony forming units 
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Figure 2: Inhibition of biofilm formation (A) and 
eradication of biofilm formation (B) of S. mutans (o) 
and A. actinomycetemcomitans (•) by A /akoocha 
extract at various concentrations and with 0.1 %(w/v) 
CHX (positive control); error bars denote standard 
deviation (n = 6) 

Figure 3: Scanning electron microscope images of S. 
mutans (top) and A. actinomycetemcomitans (below) 
cells, in the control (BHI broth) (A and C), in the 
presence of A. lakoocha extract (B and D) 

DISCUSSION 

The search for novel antimicrobial agents from 
plants has been of great interest in the last few 
decades. Throughout human history, infectious 
diseases are known to have been treated with 
compounds derived from plants and herbal 
remedies. 

Results of the present study clearly 
demonstrated that A lakoocha extract revealed 
good antibacterial agent activity against both 
cariogenic bacteria (e.g. S. mutans, S. sobrinus) 
and periodontopathogens including P. gingiva/is, 
F. nucleatum, T. forsythia and A 
actinomycetemcomitans. Gram·negative bacteria 
were generally found to be more susceptible than 
Gram positive bacteria. Our results are in 
agreement with Phoolcharoen et a/ [12] who 
demonstrated the antimicrobial activity of A 
lakoocha extract against periodontopathogens 
Gram negative bacteria. However, cariogenic 
bacteria were not susceptible to A /akoocha 
extract in that study [12]. This may be due to the 
different strains used in that study; however, no 
details of the strains were given. Besides, the in 
vitro antimicrobial activity of A. lakoocha extract 
against oral pathogen planktonic cells, the 
antibiofilm activity of A. lakoocha extract was 
also assessed in this study. Experiments 
comparing biofilms of oral strains with broth 
cultures have demonstrated that higher 
concentrations of A. lakoocha extract are 
required to significantly inhibit existing biofilm 
cells. This is an expected result since bacteria in 
the biofilm are strongly protected and less 
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susceptible to antimicrobial agents than in 
planktonic form. It was shovvn that A lakoocha 
extract was able to eradicate oral biofilm in a 
dose and time dependent manner. Our results . 
indicate that A fakoocha extract acts as a potent 
antibiofilm agent that has dual actions preventing 
biofilm fonnation and eradication of existing 
biofilm. 

Oral infections are commonly caused by 
imbalance of microorganisms in dental plaque or 
biofilm. Pathologies such as dental caries or 
periodontitis arise when an imbalance of 
microorganisms occurs in the biofilm resulting in 
a decrease of the indigenous bacteria and in 
favour of pathogenic strains. An effective 
approach for controlling dental plaque is to 
prevent fonnation of biofilm or to remove biofilm 
by using antimicrobial or chemical agents [15]. 
The use of CHX solution, a commercial 
antimicrobial agent, for clinical application is 
limited due to its bitter taste and staining of the 
tooth surface [16]. Thus, it is reasonable to 
develop alternative antiplaque agents from 
natural sources that exhibit few or no side­
effects. It was found that A lakoocha extract has 
an efficacy for the prevention of plaque-related 
diseases such as dental caries and periodontitis. 
Although the MIC and MBC of A lakoocha 
extract obtained were higher than for CHX, the 
extract exhibited a better antimicrobial activity 
than other herb extract such as garlic [17], 
Polygonum cuspidatum root [18], Coco crave 
[19] and Rhei Rhizoma [20] 'Nith MICs against S. 
mutans of 71.4, 1 - 2, 4 and > 5 mg/ml, 
respectively. 

The exact mechanism of action exerted by 
oxyresveratrol, the major constituent of A 
lakoocha extract, has not been previously 
reported. SEM images in this study indicated that 
oxyresveratrol might have effect on the cell wall 
integrity of bacterial cells. Exposure of S. mutans 
and A actinomycetemcomitans to A /akoocha 
extract revealed an irregular cell wall structure. 
All the results above indicated that A 
actinomycetemcomitans is more sensitive to A 
lakoocha extract than S. mutans. This may be 
due to Gram positive bacteria contained in the 
thicker peptidoglycan layer than Gram negative 
bacteria. 

CONCLUSION 

This study suggests that A lakoocha extract 
possesses compounds 'Nith potential 
antimicrobial properties that may be useful for 
treatment of oral infectious diseases caused by 
certain oral pathogens. However, since this study 
was conducted on artificial biofilm in vitro, the 

actual effects of A lakoocha extract on dental 
plaque would need to be evaluated clinically. 
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Abstract 

This study aimed to investigate the anticandidal and antibiofilm activity of Artocarpus lakoocha extract against 
various Candida. Anticandidal activity of A. lalcoocha extract was detennined using an agar well diffusion method. Minimum 
inhibitory concmttation (MIC) and minimum fiwgicidal concmttation (MFC) were assessed using a method of the Clinical 
and 1..3boratory Standards Institute. A time lcill assay was also performed. Antibiofilm activity was investigated using a 3-[ 4, 5-
dimetbyl-2-thiazolyl]-2, 5-diphenyl-2H-tetrazolium-bromide (MTT) assay. The extract was found to be effective against all 
tested Candida strains with MIC ranging from 0.05 to 3.12 mglml and MFC ranging from 0.10 to 25 mglml. The lcilling activity 
depended on the time and concmtrations of the extract. A. lalcoocha extract acts as a potmt antibiofilm a gmt with dual 
actions, prevmting and eradicating the biofilm. Results suggest that A. lakoocha extract is a potmtial source of natural 
anticandidal agent, which may be useful for prevmtion or treatment of candidiasis. 

Kl'ywm·d~: Artocarpus lakoocha. Candida, anticandidal activity, antibiofilm activity 

1. Introduction 

There has bern a significant increase in incidence of 
infections caused by Candida spp. (candidiasis). mainly 
due to the rise of the AIDS epidemic, an increasingly aged 
population, higher numbers of immunocompromisedpatients, 
the more widespread use of indwelling medical devices, and 
the use of broad spectrum antifiwgal drugs. Candida 
albicans is the main cause of candidiasis. however, non­
C. albicans (NCAC) species such as C. dubliniensis. C. 
tropicalis, C. glabrata and C. krusei are now frrqumtly 
reported as human pathogens (Moran et al., 2002). 

The pathogenesis of candidiasis is facilitated by a 
number of factors including the ability to adhere to medical 
devices and/or host cells and to form biofilms. Biofilm 

• C<lrRsponding author. 
Email address: raw~.t@psu.ac.th 

formation is an important virulence factor for a number of 
Candida species, as it confers significant resistance to anti­
fiwgal therapy by limiting the penetration of substances 
through the matrix and protec~ c~lls from host immune 
responses(O'Tooleeta/., 2000; Kojic andDarouiche, 2004; 
Kuhn eta/., 2002; Li et al .• 2012). It has bern demonstrated 
that biofilms formed by C. albicans and/or NCAC strains 
have been associated with higher morbidity and mortality 
rates compared with strains unable to form biofilms (Kuma­
moto, 2002). 

Artocarpus lakoocha extract has bern reported to 
contain antibacterial activity against a \vide range ofbacteria 
including Mycobacterium mberculosis H37R.a. Bactllt1s 
subtilis, B. pumilus, Proteus mirabilis. Shigella soneii and 
Escherichia colt (Pandey et a/., 2009; Puntumchai et al., 
2004). A. lakoocha is a valuable tropical tree species 
belonging to the Moraceae family; commonly found in 
tropical areas such as India and Thailand. The major 
constituent of .4 .. /akoocha bark extract is oxyresveratrol. 
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(2, 4, 3;5'-tetrahydroxystilbene). which has also been 
reported to possess in vitro anti-virus activity (anti-herpes 
simplex virus (HSV), anti-varicella zoster virus) (Chuanasa 
eta/., 2008; Docherty et al., 2006; Likhitwitayawuid et al., · 
2005; Sasivimolphan et al., 2o09; Sritulaluk et al., 1998). 
Another study suggested that oxyresveratrol was neuro­
protective and inhibited apoptotic cell death in transient 
ischemia in a rat model (Andrabi eta/., 2004). Due to its 
reported potent tyrosinase inhibitory and antioxidant 

activiti~ (Srilulaluk et al., 1998; IGm.et a/., 2002), the material 
has potential application as a novel skin whitening agent in 
cosmetic preparations {Tengamnuay et al .• 2006). Most 
studies have reported its antiviral and antibacterial activities; 
however, data regarding the antifungal capability of A. 
Jalwocha extract has been limited. 

The aim of this study was to investigate the anti­
candida! and antibiofilm activity of A. lakoocha extract 
against various Candida spp. via an in vitro study. 

2.1\bfflials and l\Iethods 

2.1 Preparation ofA.lakoocha stem bar-k extract 

The extract of A. lakoocha was obtained by boiling 
small pieces of stem back in water. After removing the 
remaining wood fragments and other insoluble r~idues, the 
aqueous extract was dried to give a yellow-brown powder fut­
use in this study. The content of oxyresveratrol in the dried 
extract was determined to be >80% (w/w) by using high 
perfut-mance liquid chromatography. A 10% (wlv) stock 
solution of A.lakoocha extract was prepared in 10".4. (v/v) 
dimethyl sulfoxide (DMSO, Merck) for use in this study. 

2.2 Ca1tdida strains and gl'owth conditions 

The tested Candida strains included Candida 
a/bicans ATCC 90028, Candida albicans ATCC 10231, 
Candida dubliniensis MYA-577, Candida dubliniensis 
MYA-646. Candida glabrata ATCC 66032, Candida glahrata 
ATCC 90030, Candida krosei ATCC 34135, Candida lm1sei 
ATCC 6258, Candida tropicalis ATCC 66029, Candida 
tropicalis ATCC 750, and Candida tropicalis ATCC 13803. 
All strains were cultured on Sabouraud Dextrose Agar (SDA; 
Difco Laboratories, Detroit, Michigan) aerobically at 37°C 
fut-24h. 

2.3 Anticandida1 assay 

2.3.1 Agar \n>ll diffusion assay 

The broth culture of each tested strain (approximately 
107 CFU/ml) was mixed thoroughly with the sterile SDA (20 
ml), and then poured into a plate with 6-mm diameter metal 
cups. The metal cups were removed after the medium set, and 
then the wells were added with 100 J.Ll of 10% A. /alwocha 
extract, while 10% (w/v) DMSO was used as the negative 

control and 0.1% (w/v) CHX was used as the positive control. 
Plates were incubated at 37°C for 24 h. The antifungal activity 
was evaluated by measuring inhibition zone diameters in 
millimeters. Duplicates were maintained and the experiment 
was repeated thrice. 

2.3.2 Broth micl'odilution assay 

The minimal inhibitory concentration (MIC) of A. 

lalwocha extract against each tested strain was determined 
by broth microdilution method (NCCLS, 2002). Briefly; two­
fold serial dilutions of A. lakoocha extract were prepared 
with SDB at a total volume of 100 J.ll per well in 96~well micro­
titer plates. The final concentrations of A. lakoocha extract 
ranged from 0.02 to 25.00 mg/ml. The microliter plate wells 
were inoculated \vith 100 J.Ll of each tested strain at the final 
concentration of 1><103 CFUiml, and incubated at 37°C for 
24 h. The negative control cousistrd of SDB broth and 
Candida suspension without the agent, and the blank control 
containrd only the medium. The MIC was defined as the 
lowest concentration of the test agent that completely in­
hibited growth in comparison with the negative control. All 
experiments were perfonned in triplicate. 

The minimal fungicidal concentration (MFC) was 
defined as the lowest concentration in a well that did not allow 
visible growth when 10 111 of the well content was plated on 
aga£andgrown fut- 24hat 370C. 

2.4 Killing kinetics assay 

Candida! activity of A. lakoocha extract was studied 
using a time-kill kinetic method. Growing cultures (1 06CFU/ 
ml) of each cepresentative strain, C. albicans ATCC 90028. 
C. tropicalis ATCC 66029 and C. dubliniensis MYA-577 were 
added toSDBandwereexposedto tx, 2>< and4x theMICof 
A. lakoocha extract. Samples were taken for colony counts at 
0. 0.5, 1, 2, 4, 6, 8, 10, 12 and 24 h. The viable counts were 
detemuned using the serial dilution method after incubation 
at 37°C fut- 24 h. Each experiment was performed three times 
to confirm the results. Chlorhexidine {CHX, 0.1% (w/v)) and 
extract free were used as the positive and negative controls, 
respectively. 

2.5 Aniibiofilm assay 

2.5.1 Inhibition ofbiolilmfol'mation 

The effect of A. Jalwoclra extract on biofilm formation 
of each representative strain, C. albtcans ATCC 90028, C. 
tropicalis ATCC 66029 and C. dubliniensis MYA-577 was 
examined using the modified microdilution method (Tawee­
chaisupapong et al., 20 10; Wu et al., 2013) . Briefly, two-fold 
serial diluted concentrations (0.02-25.0 mg!ml) of A. lalwoclra 
extract were made in a flat-bottom 96-well microuter plate. 
The CHX (0.1 %, w/v), PBS and the mediun1 alone were used 
as the positive, non-treated and blank controls. respectively. 



52 

S_ Senapongetal/Songklanakarin J. Sci_ TeclmoL36 (4), 451-457,2014 453 

An equal volume of the tested strains ( 1 x 106 CFU/ml) was 
added and mixed with the agent, except in the well with 
medium alone (the blank control). Following incubation at 
n•c for 24 h, supernatants were discarded and washed 3 -
times with PBS. Biofilm f~tion was quantified using a 3-
[4, 5-dimethyl-2-thiazolyl]-2, 5-diphenyl-2H-tetrazolium­
bromide (MIT) assay. After- washing, 100 Jll PBS with 0.5% 
(w/v) MTT (Sigma-Aldii~ USA) solution was added and 
allowed to incubate for 3 hat 37°C. The MTT solution was 
replaced with l 00 JI1 DMSO and allowed to incubate for 15 
min at room temperature. The number of surviving cells was 
determined by measuring their ability to reduce the yellow 
tetrazolium salt to a purple formazan product at 570 nm. 
Higher OD values indicate an increased number of surviving 
Candida in the biofilm. Pen:entage inhibition was calculated 
using this equation: [1-{A570 of the test/A570 of the non­
treated control)} x 100"-"'. The biofilm inhibitory concentra­
tions (MBIC50 and MBICoo> were defined as the concentra­
tions that showed 50% and 90% inhibition ofbiofilm forma­
tion. All experiments were performed in triplicate. 

2.5.2 E.-adicalion ofbiofilm fonnation 

The antimicrobial activity of A. lalwocha extract in 
the biofilm was also examined using the minimum biofilm 
eradication concentration (MBEC) assay (Brambilla et a/_, 
2009; Wuetal., 2013). Briefly, 200 Jll {l06 CFU/m1) of each 
representative strain, C. albicans ATCC 90028, C. tropicaJis 
ATCC 66029 and C. dubliniensis MYA-511 was inoculated 
into each well of the flat-bottom 96-well microliter plate and 
incubated for 24 h at 37°C. After biofilm formation, the 
medium was then blotted out and the well carefully washed 
three times with sterile PBS in order to remove non-adherent 
cells. A. lalwocha extract was then added to the biofilms in 

two-fold serial dilutions (0.02-25 mg/ml) and incubated for 
24 hat 37°C. At the end-point of the treatment of the biofilms 
with A. /akoocha extract, the adherent Candida was washed 
three times with sterile PBS. The numbers of surviving 
Candida were determined by a MTT assay. The MBEC value 
was defined as the concentrations that showed 50% and 
90% eradication of Candida in the bioftlm. The 0.1% (wfv) 
CHX, PBS and the medium alone were used as the positive., 
non-treated and blank controls, respectively. The experiment~ 
were performed in triplicate, 

2.6 Statistical aualysh 

The data were expres~d as mean and st:uldard devia­
tion (SD) by computational analysis from the three experi­
ments with duplicate independent experiments. Data from 
biofilm assay were analyzed statistically using Mann­
Whitney U test. Differences were considered statistically 
significant at P<O.OS. 

3. Results 

The anticandidal activity of A. lakoocha extract 
was evaluated using an agar well diffusion assay, which 
demonstrated that all tested strains were susceptible to A. 
lakoocha extract with variable degrees of inhibition zones 
(Table 1). An example of an inhibition zone of A. lakoocha 
extract is shown in Figure 1; the vehicle control (10% 
DMSO) did not affect Candida growth. The MIC and MFC 
of A. Jakoocha extract as evaluated by a microdilut1on assay 
are shown in Table 1. A. lakoocha extract exhibited anti­
candida! activtty against most tested Candida strains with 
MICs ranging from 0.05 to 3.12 mg/ml and MFCs ranging 
from0.10to25.00mg/ml{Table 1). 

Table I. Antimicrobial activity of A. lalwocha extract against Candida spp. 

Stains of Candida spp. 

C albicans ATCC 90028 
C. albicansATCC 10231 
C. dubliniensis MYA-571 
C dtd>liniensis MYA-646 
C glabrata ATCC 66032 
C. glabrata ATCC 90030 
C. krusei ATCC 34135 
C knuei ATCC 6258 
C. tropicalisATCC 66029 
C. tropicalis ATCC 750 
C tropicaJisATCC 13803 

Inhibition zone (mm) 
Mean±SD 

20±0.13 
15±0.14 
15±021 
20±0.15 
20±0.13 
18±0.06 
13±0.06 
14±0.10 
28±0.05 
19±0.15 
20±0.06 

• MIC- Minimum Inhibitory Concentration 
0 MFC-Minimum Fungicidal Concentration 

Concentration of A. lakoocha 
extract (mg/ml) 

MIC' MFCb 

0.18 1.56 
1.56 3.U 
0.18 1.56 
0.18 1.56 
1.56 25.00 
1.56 1250 
3.12 25.00 
3.12 25.00 
0.05 0.10 
0.18 12.50 
0.78 25.00 
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Time kill cmves were performed for 3 representative 
Candida spp. (C. albicans ATCC 90028, C. tropica/is ATCC 
66029 and C. m1bliniensis MYA-577); the killing activity 
depended on time and concentrations of .d. /akoocha extract. 
Generally, 1 x MIC could reduce the number of CFU by 
approximately SO% after 10 h of incubation; however, 
complete sterility was not achieved. At 4x MIC and 2x MIC, 
all strains were kitted after 6 and 8 h, respectively (Figure 2). 
Killing by the positive control (CHX) was observed within 
30min. 

The concentrations of .d. lakoocha extract required to 
inhibit :::_SO"/o biofihn formation (MBICso) of C. a/bicans ATCC 
90028, C. tropica/is ATCC 66029 and C. dublinitmsts MYA­
S77 were 3.13±0.23, 0.39±0.12 and0.39±0.18 mg/ml, respec­
tively, and for :::_90% inhibition ofbiofilm growth (MBIC~ 
theconcentrationswere25.00±0.18, 1.56±0.05, and 1.56±0.29 
mg!ml respectively. At the concentration of .d. /akoocha 
extract> 0.10 mg/ml there was a statistically significant in­
hibition of biofilm growth of all tested strains compared to 
non-treated control (Figure 3). The amount of .d. la/coocha 
extract required to eradicate :::_sO% biolilm growth {MBECso) 
of C. albicans ATCC 90028, C. tropica/is ATCC 66029 and 
C. dublini11nsis MYA-571 were 6.25±0.20, 3.12±0.13 and 
3.12±0.23 mg!ml, respectively, and for :::_90% of the eradica­
tion ofbiofilm growth (MBEC~ the amounts were> 2S.OO, 
12.50±0.20 and 25.00±0.26 mg/ml respectively. At the con­
centration of .d. lakoocha extract> 0.20 mg/ml, there was a 
statistically significant eradication of biofilm growth of all 
tested strains compared to non-treated control (Figure 4). 

4. Discussion 

Candida speci~ are the most common fungal patho­
gens in humans and are the causative agents at various loca­
tions in the body, giving rise to severe morbidity in millions 
ofindividualsworldwide(CalderoneandFonzi,2001;Ruhnke, 
2002). In the oral cavity, C. a/btcans is the organism that most 
&equently causes a range of mucosal infections including oral 
candidiasis e.g. oropharyngeal candidiasis, angular cheilitis, 
oral thrush and denture stomatitis (Richardson and Warnock, 
1997; Ruhnke, 2002), NCAC have also been found dramati­
callyin oral candidal infection. The most common treatment 

FJgUre l. Agar well diffusion assay of OJ% (wlv) .d. lakoocha 
emact against C. tropirolis ATCC 66029 (a) showing by 
inhibition clear moe, OJ g% (wlv) CHX served as 
positive cootrol (b) and 10% (vlv) DMSO (c) served as 
negatiw: control 

Q 4 s ll 16 lO ~4 

FJgUre 2. Time kill curves of .d. lakoocha extract against of C. 
a/bicans ATCC 90028 (a), C. tropica/is ATCC 66029 (b) 
and C. dublinillnSis MYA-577 (c). Bacteria stains weR 

iorubatrJd with Ox M1C (.). 1x M1C (\.l), 2x M1C (Y) 
and 4>< MIC C\); 0.1% (wlv) CHX (•) llW1' time. em, 
Colony Fanning Units. 

FJgUre 3. Inblbition ofbiofilm funnation of C. albicans ATCC 90028 
(a), C. tropirolis ATCC 66029 (b) and C. dub/inll1nsis 
MYA-577 (c)by A. lakoocha ex1r.1ct at various concentta­
tioos and witb 0.1% (wlv) CHX (the posilive control) is 
demonstrated. Error bars indicate standard deviations; 
n=6. *, diffmnces (compaRd to the blank cootrol) weR 

CClllSidrml stalislically significant at 1'<0.05. 

is the use of antifungal agents suclt as azol~ (uconazole, 
itraconazole, miconazole and ketoconazole) and polyen~ 
(amphotericin Band nystatin). However, those who use such 
agents are often faced with several problems including th~ 
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1.ro a 

O(l! CliO !).)(} I!<; +.lJ ::J,ll{t{'HX 

Pitwti1.!0M~"i.mtratiofl of A. l«kfflJ•c:lm \lli~;;lf#l..i (rn,y.Jilil) 

Figure 4. Eradication of biofihn fonnation of C. albicans ATCC 
90028 (a), C. tropicalis ATCC 66029 (b) and C. dubli­
niemis MYA-577 (c} by A /Dkoocha extract at various 
coocentrations and with OJ% (wlv) CHX (the control) 
is demonstraled. Error bars indicate standat'd deviations; 
n=(i. ". ~ (compared to the blank ron.trol) were 
cmsidesed statistically significant at P<.0.05. 

limited number of effective antifungal .agents, their high toxic­
ity and cost, the recutience of the infection, and increasing 
emergence of antifungal resistance (Klepser, 2001; Khan et 
al., 2003). A topical use of CHX mouthwash is the most 
common antimicrobial substance to control oral candidiasis. 
However, CHX has been reported as having many unwanted 
effects over long-term use induding unpleasant ta.sre and 
disturbance in laste sensation, brown discoloration of the 
dorsum of the tongue, and desquamative lesions of oral 
mucosa(Hiometal., 1992; Giulianaeta/., 1997). 

Many studies have demonstrated that traditional 
herbs possess anticandidal activity against Candida spp. 
(Boroujeni et al., 2012; Rukayadi et al., 2006; Yigit et al., 
2009). In the present study, it was found that A. lakoocha 
extract has a good antifungal activity against Candida strains. 
A. lakoocha has previously been reported to have antiviral 
and antibacterial pmpertie:s, and this study is the first to 
reveal the anticandidal activity of A. Jakoocha. 

In addition, A. lakoocha extract has shown antibio­
film activity. Biofilms of C. albtcans and NCACs are associ­
ated with high incidence ofhospital morbidity and mortality 
(Nett and Andes, 2006; O'Toole et al., 2000; Silva et al., 
2010) due to the increased use of medical devices such as 
lens, implants and dentures. Such biomaterials &cilitate 
Candida strains to colonize and form biolilms leading to the 
development of resistance to antifungal agmts, e.g. amphote­
ricin B, micronazole, ketoconazole: and fluconazole ( O!andra 
et al., 200 l; Kuriyama et al., 2005). Experiments comparing 
biofilms of Candida with broth cultures have demonstrated 
that higher concentrations of A. Jakoocha extract are 

required to significantly inhibit existing biofilm cells. This is 
an expected result since Candida in the biofihn is strongly 
protected and less susceptible to antifungal agents than 
Candida in planktonic form (Baillie and Douglas. 2000; 
Chandra eta/.. 20 12). It was shown that A. lakoocha extract 
was able to remove Candida in a dose- and tinte- dependent 
manner. Our results indicate that A. lakoocha extract acts as a 
potent antibiofilm agent that has dual actions preventiug 
biofihn formation and removing exi~ting bio61ms. 

The exact mechanism of action exerted by A. lakoocha 
extract on Candida is still ooclear. Among previous studies, 
one study of interaction of resveratrol with Botrytis cinerea, 
a gray mold that infects grapevines, showed that the 
proposed mode of action involved an interference with the 
functionality of membrane proteins, especially those of the 
mitochondria. The interaction leads to an immediate decrease 
in oxygen uptake by the fungal cells. At the ultra-structural 
level, mitochondrial and nuclear membranes are affected first, 
followed by a complete disorganization of organelles and 
disruption of the cell membrane. Another study of the effect 
of A. lakoocha extract in Fasciola gigantica, a liver fluke that 
causes bsciolosis, implied that A. lakoocha contains a very 
high content of oxyre:sveratrol that could cause tegument 
changes by affecting the oxidative phosphorylation in 
mitochondria. It has been explained that oxyresveratrol (the 
ruajor constituent of this crude extract has similar chemical 
structure to the halogenated phenol group of drugs, such as 
nitroxynil) conld act via a similar mechanism. It was reported 
that nitroxynil acts as an uncoupler of oxidative phosphory­
lation (Fairweather eta/_, 1984; McKinstry eta/., 2003). As a 
result, the decreased production of ATP would affect the 
Na•-K• pump, leading to the influx ofNa" and water, and 
consequmtly the swelling of the syncytium as obse~ved in 
the study ofF hepatica treated with nitroxynil (McKinstry 
eta/.,2003). 

In conclusion, the current study supports the tradi­
tional advantages of the studied plant, and suggests that the 
stem bark A. /akoocha extract is a potential source as a 
natural antifungal agent. It possesses compounds with good 
antifungal properties that may be used for oral infectious 
diseases caused by certain Candida spp. After this screening 
experiment, further work shonld ~ p~furmed to describe the 
antifungal activities in more detail as well as their activity 
in vivo. 
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IJur~ YaLVOl/2 Tha1lcmd 

Abstn~d 

~Jbjel·Jil·t·~ The aim fl.! ihiv 'iltt~~F wa" Jo mr~..-·.\l1galt: th~·· 
£Jnt!fiwgul dtul unlihi~~lilm atJh l~t' of Anoc~trfU's J,.JkoodJ,t 
exlttNI <t}.(aln~t~~urimt). (undkla '1'1'· in rirro stud) 

ltletluJd.\': Th.: anttfungul acti\.'1~~, lHL\jJf.!Jjonu.,.J bv IIH..WSurmg 

the inhihirkm ::ones u.,itl~ M~ur~~rdl ~lijfusmn meJ/wd 
Jfinimum !ufubuum (">'mc"·niratum (All() and \lininwm 
FungieuMl Conceutr • .:tion (_.11Ft-~ wen! tJ.t\(',\':wd u\ing thv 
ruk.~·rodifutfrm fnt:•ll;oti oj the Cfinic:a! (!Jtd Ltthon .. ttt,V'V 

Standtlrd; lnsJ!Jute f('t,\·t; lfiniuwm Alotilm ttt'~tdi<:(lfio~1 
r·ruu•en1Yafi£Hf (.\4HEC; wa~ tW'i~'fligaJ¢(1 using :ii'IT <:u.n~r 

Rt!~ftln: f; htL\ shvh'l1 that A. Jakooehu e'rf;\lCJ e.vhihttt.'d a 
good muitimg,ll at·fwfty agwlnd mn.ifll te.\11.'-.d Candida Sli'O:ltn~· 
M!Cs tYmgci(/rmn fU15 fo 1 J 2 mg:ml ~md £\-fFC~ J<J~mt,ed from 
0./() to..."".' mg:ml. Tht· <tmmmt olA ltrkr•ocha (1'(/nwl n:qufrcd 
to r.:mon:· ?:51);~;;~ hit~fiim /hrmalfou (J.HJF~·cbd alhi,_'tut\ 
A 1CC. 9(Jti2,'f. <. AT< (' 060JV wui (' duMtot"'nM.\ 
.l/}~4~ 1\}7 u·e,¥· 3, l J tJml J I 1 m;,:/rnl r~t.~pet:Jindr. and 
?_~~(jf'~ f{lflt! l't/IINWaf <~{biu/Jlm !!,I'UW!ft H'Cf'C .::'5 ()!), /2 :ff) cmd 
:!5.1/0 rng:'m( l"t..'JfJt:.'di~t..>~~·. ~ 

Conclu.\ittu¥; A lakrUU."ha f'ttruu haJ un fnlnlntmy ~..:tli:u o.fl 
rarlott,\ Candidu :rpp, ~thich maJ /H..· u::;·ejil! !br 1''"'\.'t.'fltwn or 
trearmem Ol'it/ nli~tbdtusir Th,.- nN.:dumi.\!Jh of <~Hitftmgt~l 
tlt'th•ity 11·f!i. ht.•firrlfJel" inw.·rt~g(lfetl 

Ki!J>tt'Drtlt ArtnL·WJJUJ lakoocha. C'tmihda ·'fJP·, AnU/WJgal 
Ofi!vitv. Antibw!Um a<:llvrz~· 

Introduction 

Artt.tt.'tuJnn hiAorh'/ia lh a '.HIHahit tropic.al de-.· spt•l'h:s 
he-longing tn th~.: ~vlt1>~«:eu~ family: it b a latg~ dt~t:ultMus tree 
ft.>uching lO mckrs in ht:ighL It is "tlmmnnly tt:Hitld m tmpi•:al 
art:~b sw.:h as lndw and rhatland. The light hrtl\\.-11 !Hl\'~>tJcr I\ 
tht' p:i~dw.:t of an iH-tu~;..~uu~ cxtrJct obta111ctf hy hoiling 
A Ja4ood?<o bart.. followed hy "ikl\\ t.'\-apnra1mn, tht:n cooling 
( tlfiS<.:(jUt'tllly, th~Z" rnv.der that lloats VU tup ~~ b\.'panncJ by 
~trammt;,> 11te lflJjor J.:OlC:.titut.~Ut or A. lu.koot'ha hark ~xlract b: 
O!ii:JT~S\cratol. tran})~.2. 4. 3 '. 5 '~l~tmhvdmxv~tiUwne. \\htth 

h:ts re-cently hcL'n H!f'\Jrt~ h.1 po!j~~~ in ;·irro tmti~lwrpl'"S 
•implex vim' ll!SVl potential 11-11 nnd he ublc l\1 inhibit 
rcpl~~:ntHm <>f IISV-1 nnd l!SV-2 !iom ;m 111 '''''' studv in 
min: (JJ. It has 111:\0 h~t:u ~ug_g~~tcd to show iu n'tro ~!1ft" 
varicdi.a bJsk•.r nn1' :tt·tivity IJ,.)j, Fur nntlhact'Criaf activity, 
."t fakoodw \\'"'iJJ" found to be .ahl\.~ to inhihit Alh:nhaclenwn 
lllherculwtl;; H37Ra~ Bm:illu:i :-wh1ihY~ B fWmilituv. / 1J'i)ICU\ 

ml;·uhih~., Shi)J.e!/u \OfJeii and 1.\dteridui:l colt [6 ... 7), Aunthcr 
:itud:- ftu" \ugg,cs.tcd that oxyrt:.-.\'emhll \\,!5 m.;uwph•t~:\..'ti\c 
;Jnd intHhtk-"11 a_r"'lph1tit: cell dt~ath m tr.:mslent i!ll'hcnna In a rnt 
motld {l<j. Due k> ib reponed potent tyr0,ina,., inhihaory ""d 
antioxidant J.wth:Jtic}\ (1. 9!. lhe material hu~ p':.tentiill 
appJkallon J)o; .1 novd ,,km \vhi1~nmg agt:nt in co~ml..'tH: 
pt\---pHration"' jlfJj, !\lvst hllu.fic;o, June JcpurteJ its finl!~\ !ml and 
..tntlhao:tcdal ur.:tlvitiL!>: ht.l\\..C"v,~r. rl11i\ regarding mHitllngaJ 
capabt!lly or A. f,,korwha ntract has hccn !irnikd. 

A1nou~ Cuuditlu spp., Cmuiitla •ilbir ·mh' 1s the mo~t 
commmdy J(nmJ in patients wht) received ~.:anc~..•r 
clwmtllh,'rnpy, Utkcn bmad SPC.£lnl\11 antimi<:wbiul, JIIV­
iufi:-.cth.tn ~t,,d -dial)etcs. 

~nt~ aim ofthb S;!udv \'>a.s tu lnvcs:tU!ttlC the antitlmtla! and 
antihf,•tihn 'u:th·it} ~( Arwearpus idwu~-lw e>:tract ~ty.ain~l 
1 atmu.< ( ·,mdtda 'I'Jl ia vitrn ;,tu<ly. 
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Material and Methods 

Preparation of A. lal<m1dttl steam bark e•trsrl 

The c,\trm:f of A, luhuueha was nb!amcd by boiling snmH 
pice\.·~ uf ~lC'Ut bark in \\atcc 1\I1er rernnving the rema:ninJ:! 
wt~od hagml.!nh. and ,tthcr lnsotubltJ rc:;iJut~. the ~t'-tlll.!OUS 
~.;.:xtrad \Vas drkd tu give ~-t ydlow~hrcrwn ptn';&;r lbr ust: iJt 
thi' ;l!udy. Th.: .:nntcnt of t>\~T.:;v,,rmol m !h~ tlrk<l c\!mct 
w;,s ddermined tn he ~0~1.1 h} \\/\\ usiu,g high perfixrnanc~ 
liquicl chromawgraph)l (ll!'IC'J A 10% (\\lq 'h>ek snlulicll1 
ofAC lukoodw t:,\tract \\415 pn:pan:d in :?(~<n duncthylsnlfo)\itlc 
(Dt.1SO. 1\·t.:rckt for usc iutlns;mdy. 

Fungnl strains nntl gnm-th condition~ 

The te>tctl Omtlfd,, spp. \\ere c afbiCilft\ An ·c ')0028, 
C <Jlbican.< ,\ HT 1!)231. C tluh!iuimni• MY I'•· 57?. 
C. dub/(Nielt>l.• MY A-64(" C gk,/wuto ATCC 660:\2, 
C. xl<~f>mru A TCC IJ0030. C Anw:i A 1 CT J4l.15, C. krll"•<'i 
ATCC 6258, C tmptcah> ATCC 66029. C :rvricalis A f<'C 
750 and C. rmplculit ATCC 13803. ,\II wvre ~llhllr~d rm 
Suhmn aud Dc,tmse Agar {SHA) und,.,. ocrobk cqwJHi<~l m 
J 7"C !IJr 2.1 h. 

Antifungal assay 

l.ktermlllalil•u af inhihiti1111 :.mw diameter: A!4"r "dl 
dirTusioa mcrhoJ was u.St."'d to t.ictcrmitw the an.ttthngul acuvjtt 
One hundrt.'ll mkmlilcrs nf inocuhtflL eqwvalent to I 0' 
CFUtml. was flllXCd wilh :!O ml of wurm melted SDA and 
poured into th~ pfHh! \\ith (} mm ctiamch:r rm .. •wl cup, ;\Iter 
solitfifying ufSDt\1 the metal cupr;. were n.!moved and lht: \\dl 
was added with )(10 )ll llf A. ltlkuoclm extract, 20% DMSO 
wt:r~ taken as the negatin· cnntrul and 0.1 ~''I dtiorhL:xidinc 
~CHX) \\'Crc the flOstlhe ~ontroL Plotte \-\-t-L,. Jm.·uhttlt"J ~u 17'-'t' 

tllr 24 h. The antifimgal uctivity was d.:t<:rmincJ hy !ll~:lsuring 
th~ dium~ler of ~"""' of inhihition in millimet~r. Duplicates 
v,.~n.:- maintiuncd and the \.1Xperiment v.us repeated thn,·c, 

DetemtimJtinn •if Ml!" 11ml MFC \Hnitnum Inhibition 
Con.:cntruuon {MlCl ami Minimum lungkidal Clmcentr~ti<>n 
(MFC) were ass.,.scd u'ing, mlcrodi!utinn m~thod M the 
Clinku! and Lab<.wutory Standards !nslllUic {l'LSI). Brklty. 
the A. lakoodm cxtrn<t v.as suhy.:cted In tln1·li>lu serial 
dilminn in the Sabnuraud lk~u-us.: llwth i:ll>fll l<' oht~!n 
conc<.,·ntru.tiuns fh\m 0,0.24 mg/mJ to .15 mf',,'ml at a hllal 

volu""' of !O(l ul rwr v.dl in WHicll mivn>titer pltt!ts. i\ IOU 
111 or"''"" Om;iitial culwrc at u final wrn:.llt<oliou of I' lO' 
CI'U'ml wa.' added to the well an<! incubated ~i 37 C fm 24 h 
MIC was determmcd hy vbtrol t>bscnalivn for ll1<' tlrM 
dilution with no lhtlg-JI growth rornpart-d til positive c•mtml 
(media without stains). All experiments were repeated thrice 
111 duplicate and the average values were n:pon~d as MIC. 

A minimum fungicidal c<1ru:cntrutl<ln tMFC) is the lowc>t 
concentration of an antilllngu.i rcquir1:d to kill 
a microorganism. The MFC was determtned by sub-culturing 
Ill Jtl tlf the test dilutions from MIC tubes •)ll to fre>h agar 
plates. Plntes were incubated at 37•c fhr 24 h. The high""t 
diluuun that yielded nu single I cul<lnY on the plates was 
ret.(Jtdctl us MFC. 
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lletcrmiuatimt of Jliuimum hi.ojifm ,;ntdit:utiun 
t'ttn('f:rttruti~ut (i\fBE{ ); 1he unthnt..:rvh~al n~.:i'1vl1y of ,4 
faknodta e"tta;;,~t in tho.: hwfihn \\-UN nlstJ C'\amined using th~· 
tninimun hilJiilnt t"radicatton ('nn~,:cnlr~~tion (\1HLC} as.5Jl:t) 
J! l~L.!l HliJtHm assu~,::. ~\\.'!'1." \Vtt.h slngh,··.:::pc\:lt.'s. 
htotiht» <~f Cand1Ja 'PP ATCC 9fl02S. 
fn,pi;·a!ls i\lCC 660~Y and C MYA-5TJt. The 
fimd c<tn~vmranvn nf tht"' llli~t;ulun-l5 {- ( H :Jm!; :?tJO ttl 
\\Its inn~o:tllat-.·,1 tnto tb: \'.db ~)r pulJS1yJ.:rh:. tlat~hothlr!'l lJfl~ 

well nm:rohtcr plate:-.. mcuhatt~d under a..:rohlr ;;.•nnJJ!toH" at 
J 7 C Ji)r the .J;;vdtlp111(~m uf a lnulHI.l)'t"f hluhtm. After 
rultl,Jtiun hJt 24 h, !.h~ v.dh \\\,.:fC \\<-b:ht!d V~itf·; 2(!0 Jd Of 
~lerHc plhtsph.\f~ bHfH:red ~alan:. !PHS) W lvmoH· any 
un..tt~a;h('\1 cdi. 'fh~:-;c hiofHms v.·¢1·~ ilk'n C\fh~"<t.'·d tH a ~:on pl 
of vo.mous conttntratiml~ uf .4, /almoclli.l ~.,tr-.H~t rani:?>.~d tfnm 
0.0:!4 myJmf ro :!5 mg_·mL mcuh.itc41 fOr up iu 24 h in acrobi~ 
..:tmJiti•)l1~ ~\t 37 (.·. AHi!r ruldvaHofl. th, ... \\db: \\l.!rl.! 
vigorousty v.;1.shetJ v. ith 200 ~tl (If PBS !H rr.movt..· mm 
adhcmll \'t'll'. llnctly, I Uli )ll uf M fT >uluHon \5 mj4hnl in 
PBS) W<'r<.' pla<.~d in c'.<Ch \«II and 111<ot~l>-1tcd a! ~I'C 3 h in a 
dark plucc. rlt<: MTT soluli<!ll WJS rep!accJ with lilll til 
<hmelitvl ,;ullhx1de {DMSO), lll<l pl:tl<5 \\ere in~ubatcd ''" IS 
nliB Ht :'\}(lJ\1 tcmpcT~tttrre_ Q(} tli nf 'ltlS.pCllSWt1 \\t:n; tUk<!ll f'ront 

l:!'ach \\.dl tmd vptk:a:l ik1';sity v.a.,. tnt'.t"wrcd \Vith u ma .. ;mpluk 
<<J<kr a1 ) 70 11111. 

Thl! MBEC v'll.Ut: ..:orrc~pund~ tu the- }o\h'::>t diluiwn thai 
pn:-H'nts the n.:grtn ... th .. ~1 fw(.'h:na oa the tr~atOO lmdilm .. 
~lBLL'--u anJ 1\H:U!C,n an: lhc rmnimtun ~Otl't"t:nlrauon"' H1~d 

inhibit S~A~ and 90~,;~ of the ii'\ulatc!, from iunning vn the 
biuti!rn ~nmpared to tht (t t .... \ '! JX, AH C:<\.ptrlmcnts \\\."'!~ 

JX'1'!lm:ui."U 1~t h.'t!:H in tnpHcutt.· 

Statisticlll analysis 

Daw ""'" '''l"""'cd"" mean and st.mdanl de; raHon (S.D.) h) 
..;(tJ11puta.hmul unaJy~h lhml th(' thnc~ experltnt:n~~ u1 

duplkt-HC indept~f\dl'nt l.'\j1enmcttb 

Results and Discussion 

ll flJ":'. dl·monslr~ltcd tllu1 A. !t;kO<k}UJ t"\tnt'.'t exhibited a gnt'd 
antlltunwl ru:th ih agmn~t mn~t test~J { amlida ~trains. f\.UC::. 
rung~"<ltrom o.o5 u1 3.1: mg~m! and MJiC ,.rJng"d from o 10 
to :25 ntg:-wt tTabk l ), :\n cxamph: of inhibitivn 7mtt.· of 
.-t fakiJUcha extm"~t is sho,,n ltt H,g:urc I. 

D1e anttHJm of A ! .. tkood~ti. c.x1Hh.:~ h:quirt:'d to n::nHJ\Y :'\i)~-;~ 
bioli!m limH:ttb\ (\.UH.C,.,) "f C .dbicwa i\[CC 90!12~. 
C truplcalt~l ATCC h60:9 and {' duf>linh·-·nsb·· MY:'\-,\71 
were 6 . .::5. 3J:? unU 3,12 mg/1111 rciipct:un:ty. ~1nd :=tlU'',ft tlf 

th< r~f!Hl\Ul ol biolilm gmw1h \>eft' 25 (){1, ! 2.:\0 nnrl ,:;,,UU 
mglmi rt.-spet:tJ\dy. the rtJ~ults tu-~· ~t"'l-\Vllin Figun' 2. 

A laAoo<"ho has been traditiomdly nseli as • mrtura! 
anlbehnimi,. It hns previ<~usly r<j)Ortcd an antiviral dlect on 
IISV and varicella zoster jl-5). An ootibacterial ~ffe<'l on 
iW.n·ohocterium tuberculosis 1137Rn, llacilltt.t suhlilt>, 

B pumllilus. l'mteu,\ mfral>ilis, Shig.:lia sonr!li 
and E.wlu:ridlln roli 16·71 has b.x:n reported. ln thl$ study, 11 

was fi•und thai A lakom:ha extra<:! could inhibit the growth of 
variou< ( ·andlmfa spp. in planktonic and hiolilm forms. 

Cmdld<t spp. is th~ mnst cmnmon ~ausc of the oral 
c!llldidiasis; cspccinlly in the 1\II'IJI term dentur~ wearer• 1111<1 
IIIV·infc•ctNIJmtient,. Tile widdy toj;icdl aaents for treatment 
or (>fill .:nndidwsis art ny~tutin Huspen,ion uml chlorhc~ldinc 

60 



140 

g!uct•nah.:- (CH\.L N:.snnin hat>. 1he hiU!?r tast.:, and it may 
GlH'-,f,~ naus-ea ant! \Otnl1ing ~t\hfo hfgl; dt,..,c \ht'~~- CHX. h,(..t"i 
hct.•n n:potkJ .iS ru_n. ing mau_) wnVUlllt'J ~ffe~b \\hen lPn)! 
tt:nn u~,-d mdutfin-g hl"l.te th ... turh.:mt~~.". dt•;,;quamative lesion 
and hH'\\ a ~laHlinE uf the teeth au~! on: I t!HlLOSH, Tim!->. 
.~r l.<ko~;cfw 1.:'\lrad nmj- ~)t; ;:m ~iltt:WfJti~t: dtnkc f(u tn.·utrncnl 
o! ot ul t:j:ltthdlasi>t 

Tnh/ ... ' .-lnJnn!.T<'JI)iu/ anH!Ir ut ;f lakm,clw estrar't ogmmu 

Candrdn \J'() 

Ft>f,JJJv I - An inhibition zwu,: alunttmicn;bii.tlt:lfeci oj/0 
.• iakoocho t'X/1)1<1 ogtrinst C lfuphilUs A1CC 66019 
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t:zo a 
I 

80~ 

i 
40; ___ .tllll 

0.1 

tinul concentration of A. lakoodw extract (mglml) 

FlJ:III'I.' 1 • l:'m!lication t1} hmji/m fimnalion of C alhirrm< 
ATCC v0018 (aL C. tropical is A lt'C 6602<) (b) and 
C d11Mmiemis ,\4Y.4-S7i (t'} by A. lilkmu·httti!XII'tl<'l at vm'i"u' 
t oncenttrllimn and IJ, ~~~-4 ('If)( (('tmtrol) 

Cnnclusions 

It \\'a!5 Jcrnonslralccl lhut A. ltikourha l.!"xlract has an inhibitory 

cile<'t nn various Cimdi<la srp., which may he: u<ellli lor 

pre\ tntlon or ue-.~tmcnl oral cnndidiusi>, Titc mechanisms of 
unrifungul acllvity will he further inve,tigatctt 
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n11b\91~V:U 0.5 McFarland Standard 

0.05 il~~~IPl';i"lleJ.:J 1.175 L'IJeJ~L~'Ui! BaCl2 (BaCl2 · 2H20) t:-Jt'tl.ltl'\J 9.95 il~~~IPl';i"lleJ.:J 1 

L'IJeJ~L~'UI'i sulfuric acid (H2S04) 

.:a o::'ill c( I 

1Pl1'11~.01flt-~'U1n'Vl 1 fl1';iLIPl';if.Jl.J McFarland Standard L'\Jm1Pl1-:J ~ 
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McFarland standard 1.0% Barium chloride 1.0% Sulfuric acid Approx. cell density 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

No. (ml) 

0.05 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

0.80 

0.90 

1.00 

(ml) 8 
(lx 10 cfu/ml} 

9 1.5 

9 3 

9 6 

9 9 

9 12 

9 15 

9 18 

9 21 

9 24 

9 27 

9 30 

.,J 

'Vll.J1: An instrument for estimating the number of bacteria in suspension used for 

calculating the opsonic index and for vaccines. Joseph McFarland, M.D. JEMA. 

1907; XLIX (14): 1176-1178. 



1. Sabouraud's dextrose agar (SDA; KEMMAR) 

fA1'W'I.h::nvu~v~t'l~ 

Dextrose 

Casein 

Agar 

40 n'!~ 

10 n'!~ 

15 n'!~ 

1Gbt'I~El~ (~1VI'!'IJ Sabouraud' s dextrose agar commercial product) 

64 

1. i-:~m'VI111111~tl6'11 ni1-:1 f1'H~tleJ\I L~~tl1n~w;N h.l\911~U~~1t'l1~~el\l f111 Lt'l~rJ~ "il1 n,!'W'I.J'!u 

YlLB"ll'lJ1::~1ru 5.6 ± 0.2 

2. U1Li1 Autoclave ~ 121 oc ~rl'"J1~~'W 15 UeJ'W~~eJ\11111\I.Q'd 'W1'W 15 'W1Vi 

3. "il1f1,1'W1el 1~LV'W~U1::mru 45-50°C L'VIa\l"il1'WB1VI11L~rJ\IL~eJ~U11f"l"il1m~eJ 1eJ 1 ~B1VI11 
~ Q.l IJ' ~ d.I.IC:O: 

LL "lJ\Jtp)'d LLm Lf1'1J'VIt'l W'W 
" 

** fl11'VII'l?leJ'Uflfllfl1'W"llel\IB1VI11';h 1~ii f111U'WL tJeJ'W"lleJ\1 L ~elflel'WU11 'lJ1 oU\11'\J 
' 

2. Brain Heart Infusion Agar (BHI Agar; Bacto) 

fA1'W'I.h::nvu~v~t'l~ 

Calf Brain Infusion 7.7 n'!~ 

Beef Heart Infusion 9.8 n'!~ 

Proteose Peptone 10.0 n'!~ 

Dextrose 2.0 n'!~ 

Sodium Chloride 5.0 n'!~ 

Disodium Phosphate 2.5 n'!~ 

6'111Lfi~L~~ Agar (Difco) 15 n'!~ 

Yeast Extract (Bacto) 5.0 n'!~ 
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15L~1t111 (£11\1-ru Brain Heart Infusion Agar (BHI Agar) commercial product) 

1. -B-~m"H1-:im11u~1noU'1~n·H~tle:J~ 1 'UoHm'\J~lliim-:i 1 off m~tle:J~~ L U'Um\11-:i b "Hml5~v1e:J~ L&il.ll'U 

tJe:Jn lil1mrtJL&ilJtl1n~tJ~~1'\J~1lJ'\J~m~-:i~v1mm-:iL~'~~t~lJ '\J-ruwLe:J"ll'\J-:i~lJ1ru 7.4 ± 0.2 

2. '111LoU1 Autoclave ~ 121 oc ~fl11l.l~'U 15 '\Je:J'U~~e:JI'l1-:i1~;i1 'U1'U 15 'U1Vi 

3. lil1mr'U-:ie:J1-HL~'U~'\J-:i~l.l1ru 45-50°C L&il.l Sterile expired human blood 1tJBI'l':i1~1'U 5 

L 'I.Je:J~L~'U\Jhm~'\J~l.l1mm"H1-:i~bl'l~t~l.lb "l.l~1 L u1 ~ 1-HL U'UL de:1 L~t~1 ntJ 

4. L'Vl~~lii1'Um'H1-:iL~ti~L~e:J~'\J-:i1f"flil1nL~e:J ':ie:J 1-Hm\11-:iLL~~\Jl'J LL~'JLn'U~vlL~'U 

3. Brain Heart Infusion Broth (BHI Broth; Bacto) 

~1'U'\J-:i::nsu~s~~-a 

Calf Brain Infusion 

Beef Heart Infusion 

Protrose Peptone 

Dextrose 

Sodium Chloride 

7.7 n-rl.l 

9.8 n-rl.l 

10.0 n-rl.l 

2.0 n-rl.l 

5.0 n-rl.l 

Disodium Phosphate 2.5 n-rl.l 

" 

15L~1fll.l (£11\1-ru Brain Heart Infusion Broth (BHI Broth) commercial product) 

1. -B-~m"H1-:il'l1l.lu~1noU1~m~tle:J~1~1'U"l.l1~t:.~1Ln~m L&il.ltl1n~'U~~1'\J1'11l.l'\J~ml'l':i~vle:J~n1-:i 

Ll'l~t~lJ '\J-ruwLe:J"ll'\J1~lJ1ru 7.4 ± 0.2 

2. 

3. 

4. Blood agar (BA; KEMMAR) 

~1tJ'\J-a::nsu~s~~-a 

Heart Infusion 

Meat Peptone 

Sodium chloride 

Agar 

10 n-rl.l 

10 n-rl.l 

5 n-rl.l 

15 n-rl.l 
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16L~1mJ (cl1vr-r'U Blood agar base commercial product) 

1. oB'.:Jenvt1~1911lJumn·h~m~tlm L~lJJ1mi''W(;l.:Jh.l~1lJU~lJ1~~~\9la.:Jm~b191~tJlJ "inn,!'WtJ-r'U 

oWbeJ"ll'lJ~~lJ1ru 7.3 ± 0.2 

2. t!wih Autoclave ~ 118-121 oc ~fl'l1lJ~'W 15 'lJeJ'W~\Jla\911~1-:J-d''l 'W1'W 15 'W1Vl 

3. "il1n,!'W~eJ1'!.1b~'W~'lJ~~lJ1ru 45-50°( b~lJ Sterile expired human blood 1'We)191~1?iTw 5 

b tJai b~'Wii"lla.:J'lJ~lJ1menvr1~~ b191~tJlJ b "ll~1b 'U111 'l-1b U'Wb -d'a b~m n'W 

4. b 'Vl(;l.:J"il1'WB1vt1~ b~tJ.:J b ~a~'lJ~11"1"inn b ~a ~a 1 'l-1envr1~ bb ~.:J~'l bb~'l bfl'U~\9lb~'W 

5. Sabouraud's dextrose Broth (SOB Broth; Difco) 

~1'W't.h:ne~'UIJiE~191'l 

Dextrose 

Casein 

Animal tissue 

20 n-rlJ 

5 n-rlJ 

15 n-rlJ 

" 

16L~1£1lJ (cl1vr-r'U Sabouraud 's dextrose Broth (SOB Broth) commercial product) 

1. oB'.:Ja1vt1~1911lJumnoU'1-:Jm~tla.:J 16'11 'W"ll'l\9le.J1bn~r.n b~lJJ1 mi''W(;l.:J 1 U1911lJU~lJ1m~\9la.:Jm~ 

b191~tJlJ u-ru~beJ"ll'lJ~~lJ1UJ 5.6 ± 0.2 

2. t!wu1 Autoclave ~ 121 oc ~fl'l1lJ~'W 15 'lJeJ'W~IJieJ\911~1-:J.Q'l 'W1'W 15 'W1Vl 

3. ~a 1 'l-1envr1~b~'W(;l.:Jbb~'lbn'U~\9lb~'W 
" 

** fl'l~'Vl\91G'IeJ'Uflru.n1~"lleJ.:Jenvr1~';h 13-Jii m~'lJ'Wb tla'W"lleJ.:JL ~mia'W'l111 tJ1 oU.:J1'W 
' 

6. Phosphate buffer saline (PBS); cWLE'tl 7.0 

~1'WU'l:nm.J 

Sodium chloride 

Ortho-phosphoacetic acid 
......... 
15L~'l£1lJ 

6 

5 

1. oB'.:JG'I1~bflii1911lJ'lJ~m191~-if1-:J\9l'Wb~lJJ1n~'W11-1fl~'U 750 lj(;l~~m u-ruvha"ll~ldtJ NaOH vr~a 

HCL 1m~ 7.0 "il1n,!'WtJ1boif1 Autoclave ~ 121 oc ~fl'l1lJ~'W 15 'lJa'W~\Jlam~1-:Jd'l 'W1'W 

15 'W1Vl 
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1i~t11::1ii1~111nf1mi1 

1~m1f1mi1 

5510820024 

1'Vlm~1G'lmurusn\11 

( ~61"1l11'Vlm) , 

2552 

' QJ .::::!1 1.1 ..:::.. cv A ffo 

G'lqjqj1L61"ll'Vl DEN 54054 7 5 L~1"lle:l-:!VJ'W1.1'VI11'Vlmm.JG'l-:l"ll611'Wfl';i'W'Vl';i ~1'W1'W 164,000 'U1'Vl 
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