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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-thiazolyll-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 mg/ml and rr;inimum fungicidal
concentration (MFC) ranged from 0.10 to 25 mg/ml. 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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wut wu Yinmalagnianldiduenlumsaewesldifion netdisa uiviewdae ui

I

?‘i%‘l;}’ﬂ wiideamns udnseweh uiifluvios uihe uiay Fuladin witaanznseUianse
Uses wviethranazansfutmudneiiudy asldinsdnundutuudrinansatnainuiudu
p13lnmitla angw1 dovdsensSluli'® uaswendifa’  Uhunaiuansadlunisinw
woSiaRe Ao 3 ndu duitsiionniseduldtng u,m'ﬁl,ﬁmLﬁﬂﬁaﬂaq’luLﬂmsﬁﬁﬂau%’UW Wil
lusuenilnarstla angm aeflanssssumdvarnvatengu vanevde uasilaseainevnaniii
wansinafiueenly 1y nguansialiuesd (flavonoids) nguansafaduesd (stilbenoids)

nauansinsvesiusen uar nquafiesosd (triterpenoids and steroids) (Uusiu uel



=

“asUsznoundniiBinaiigauasddnyiaalusiusesuensinaida a1 AD
oxyresveratrol (2,4,3’,5’-tetrahydroxystillbene) %ﬁﬂaq’mﬂdumsaaaﬁuaﬂﬁw Taseasns
Tuanauamedslusuil 1 asvinidiqvdmeiinmiiddguining  nslumsinumgvisves
oxyresveratrol  wuihilamantAdu  antioxidants Tavanseedignsviunanslunssiou
superoxide anion radical, free radical, singlet oxygen LLasmmmé’Uﬂz\i lipid oxidation

19, 20

Tuanesemyuazlulasien (microsome) vanyla wBNINTUENS oxyresveratrol &ail

gvdlunmsdudaeulel tyrosinase Fadweulwindunumlunisadnarsdiedaviouinma

28 againnyieileadningimansvate gviuiatuaiuaulelulu

TuRmilauaziduns
sruasesdonganliine Smuinans oxyresveratrol nafnvewAusuensinaida an
a1 Sqvistaelifnemiulinie® wasddinsfnunguiees oxyresveratrol Tugumsiuiie
11%’awudwmsﬁqw‘ﬁ{‘lumséhuﬁah%'aL%u (herpes simplex virus; HSV)** %, L%ah%’aﬁ'qnﬁla—
ya¥n (varicellazoster virus; VZVY, Feli¥aerled (human immunodeficiency virus
type 1; HIV-1/LAN* qw%"lumsﬁmv"nuaLLUﬂﬁL‘%ﬂmmﬁumﬁwm%ﬂa a1AY1 wudiansainann
uruftataseiestueaiignslunisiiudie S. aureus uae Mycobacterium smegmatis?’
asafavassniiqrislunisiuie Mycobacterium tuberculosis H37Ra 1§72 uagasara
mmﬂﬁanﬁqw%ﬁlumsﬁmﬁa Bacillus subtilis, B. pumilus, Proteus mirabilis, Shigella
sonii Waeidie Escherichia coli® ﬁ"’aﬁé'ﬂaiwumsﬁnmqw‘é’lumsﬁmv‘ﬁ"a Candida spp. 184

@135 oxyresveratrol uarafinanduasinarila angun

medueudufienuingns  oxyresveratrol  lifleufuiivsiewad
microglial  N-9  cell  eniumniwadgnnszsuegregeraduannglifnnsidoniszuy
Ussam  uazannsdineiiagUldinans oxyresveratrol liififiwreiadunfuazasiiqvin
Sumzrawasfignnszuegnsnnwintiy Melasenaiignilunisuntlesdesudimsmeves
wadeuviednilévne™ Tull mm. 2004 Andrabi uazame®  lddAnwigvisvesans
oxyresveratrol Tun1sudanisiiia apoptosis TeuwadUszavanssitiannuduidoniusy
(cerebral ischemia) Wuia1s oxyresveratrol lifinansznusossuuysvamvesdaitlas
anmy ischemia uavaisannismevessaduszamisdnde Tasvueivngaslunisly

Aa 20 fadnsumenlansy wumelnu Ban wavmuy?

WU21@15 oxyresveratrol Uasn13mie
vouradUszamla MnnrsvegeuRmdsuniuresasainersivaiila arnw wudasain
TulevilAnnisseaeimeduarannsuniiamie® wananillasinisAineiwuingns oxyres-

~veratrol fignvrasmsiinuuainiiiniarlutesnvesdnineasifaie HSV 6™

L e



Mniinanteduesiuldiansainandueidiveansta  angw this
Uselgmbinnunevane s Saduiihaulaetsunmsiinuussdniamiiania iendn
ansiivssleriidlufunsuwmduasaramnssn  madadenayulwsun@nwignsmseinu
WeluresfiRnmsmemsunnddunnesitiudadenaulnsiuideiials  faimsmeaey
ysrdvsnmuesasaansavhldvarsiBmetu wu mmedeuamnmuessasidesilag
Soaneiliweateseasinaaey MnleunstudiTiinaInnIsunsnyaeTeIE TAdEY
Tuownsderiiauds, mameaeuilaemmmudiduingauesas  Ssamnsodudenis
\W3iulaesqdundd (minimal inhibitory concentration; MIC) wazynAnALItdusige
ﬁaﬁmimhl,%aqauw%tﬂﬁ 99.9 Wosidus (Minimal lethal concentration; MLC) %381
MBC (minimal bactericidal concentration) nsainfudonnasuluwuaiiGensenn MFC
(minimal  fungicidal concentration) nsdifiteonesoududes  msfinwieuduius
sswemudidureensageuiusreznaidlumstudmdesndelaunsmegey Time-
kil curves assay nsAnwsneaiauivslesidmiuldlunmsusniiuvssaniamues

A15neau

< v v ‘ RET
JUN 1 uansdnuaglassadaluianaves oxyresveratrol™

anugunnuvisniveslssnaanigalsnMwuIliaiinanmdaienia

o ol

60 wWosidus nerdesiuidegdunidneglugululedan® luleWldy (biofilm) winedls n1s

1 4
o oA a T T

avauiueINguduvIEvsaguyLdunIEinanvaresiinnlimanizngusguuiuialanu

Y

Avils  Tessadeeddulefiduasifiussuudla  arunsanuldvadienitinuasitonaenan
nsraweglululedy  Wehiiwindnlngjazegnsinansvaslulefduusinntesing  (voids)

waztoudoune (channel) Fuduvdnamfiownsnnniudnadug dmewgiivdaiany

v

uanansesanzinaaumelululefduTu  annrwindsuinrafuiliswilineluveslule

L3

Hauflefinvesgdunidiuandniume  Jagtumsfnweluanmelulefduiiiiuunniy

Fewq legainvanes nisfnwinuindenegluanrlulefduiauaiunsalumsaeseans



 amdunidlaunnidenegluannizdassluansazaneiiendt  uwadlniin  (planktonic)
wazluloWduresdediamnsadugainisiti-senvesaisiuregadunionlylunsinwuas

fanunsadosfueadventiorinnisnevausweaiduiuld®®  vsdllsalugesuniiguiiv

1 !'L 1 a & A LY A dtdlia(gll’ 42 <l a e &
GRS W’,‘UuLﬂﬂﬂ'mL‘UEJV]’E]E\JJ'S’J?JﬂULUUﬂ'SWU‘qau‘VI'SEJ‘WSEJ UlaWay WY WUNNLUD

S. sobrinus Tudesn deegluluannylulefdusedliraaidndfuuazieliungoslsalunis
mdagandtluannzunadlniinead fe 300 war 75 wihmwddu® usnannideuuafileN

namduuddmuingesilungy  Candida spp.  luanmeidululeWdui  weaedl

44-46

ANENsaluNsReReaslgrsanuesleetniteddnuiu aaululaWduees

o 9 o

dv <2 o o ' o 5 dv P
wodalulymuazauassaiddgdmiunmsinwmaalsmeiuiasieglan  visn1sheed

<

[

Shwwaznmisnedidululefiduuuiuiinvesianuargunsainsunnduiionngg  laun  vislu
pwns viewela nfluiiey awau wargunsalihRanuvnansunmdaneg Wudu nshe
soansdugaunisluannylefduiudeiitededaarnvasiin Suldud viiavesansilld
Tumsdnw wiaveade nafld eguadiuleiduuazmumainuasvesiagdunisluly

Tefdutiue loedenudululain WelululeRaulainisiunseuaniuaeudunnie nasenan

delilhAailgmdmnannisiesdiunmsresuiiululefdumeadenions
sdateluannrlulefduiafugnmadenlumsudlaigmnsiesfioadietu  nisidn
oluanmeluleftdusiduseddmnududuresasinninmsudanswesuiadiulule-
Fduvenderoutniann denndesiumsfinuues Filoche wazamy® ARnwgvisvesiiy
wamzma‘ﬁﬁmﬁa‘] 16un cinnamon oil, manuka oil, Leptospermum morrisonii oiL, tea-
tree oil, arnica oil, eucalypus oil wag grapefruit oil ml‘ﬁ‘lum‘sﬁué:f’g_l,%a S. mutans #as
Lactobacillus  plantarum  wuiwminseamsyhane@eluannzluleidusududeddansi

AnuutulnnInIsiIan1sHesudlululeAdustevatawinga  wufsafunsAnm

48

293 Song uazAmz™ NANWIgNEVR@ENANRIINTINYEY Polygonum cuspidatum Tuns

dugamswesuiidululefdunazmsidnlulefduvesdelungy  Mutans  Streptococci

o @ 1

msfnwreiegluannelulefiduidinnuddgetiunn  wszsluanniglulefduiing
aeUszAninmeasemidlunisinwlindnide  usnINfina1IdeuREINTTEBNGVIEYBENS
seieqdunssduludafinsfinunasiBundiu FsniseengrdvesansiivateUssnnieiy

[
1 =]

WINWUIRLGVSaoaIzkUala 2 Ustian Ae erligdduginsadgiula (Bacteriostatic)

wazeNignseLe (Bactericidal)



asesngdiu Bacteriostatic e ansiiligrzduginisigiulaves
Wwo  dindlnalnniseengnslunszuiun1sasnealusiy - wNNLAMUTLTUENNTUETSATL
gnvepnguitminateerdunsdla dwansieengniilu Bactericidal wsngfis sl

grdshviavhaneelaunss dnfinalnniseengvidiriagad uazideviuiad
nilwag (Cell wall)®

wifaad (cell wall) Hussdusznauilegusngauesiwadqdunidtinvievu
wadliudwsarimihiitesiudiiedlueed (wadvesyudarlifindurad) ludeuua-
FZudnvarremiusadesiinuiilalnauau  (peptidoglycan) Hudiuuseneundn &
wuafiSsunsuuInsintawadasut e uINIMUATBLNSNaUUSEII 10 W1 A
wuaiBsunsuauiinussmUlnaiidsusswinaduve unuilalnauautiseniiuayliifiwuss
teichoic acid @udeufunuilalnauauiitiaiinnnuudasemdaves dwalitavad
vouuAiiBsunsuauiruudws wesnmuuafiGeunsuuin  luvasdiuuaiiounsuavass
%ulmﬁuﬁﬁiﬂsﬁuﬁaﬁmﬂ‘éﬂmﬁuwaéﬁn%u Sunin alwwedudneilsn  (lipopolysac-
_charide; LPS) TuvausfinuafiSounsuuinlilll drumissadeeasin 51 vie adeuiduans

wInlanu (chitin) FaiAURTWTINN

\Wavjuiwag (Cytoplasmis membrane)®

wadLUTUVS IR uad e steRuvRS Uudiufiog inannutiaugadidn
W leefiaumussanm 7-8 wilues flessadradu lpid bilayer uaglusiu vhwin
vieviulglnnanady (cytoplasm) dawalviwadaninsansguegls  wadumusuasidudug
Jaaiuradnnn1sid1eenve@1snIee wnansdeme e19dwaliansnieg amsatnly

Maneiadla wisasnluwadiinnisiaivasenduuenyiliyeqduvsdaels

Jagtunsfinuuseiivinmvesayulns  iweldndsansiudlunisdudade
AunIdunumsidansinfiuvazeUfiuedy  wisiuUsednsnwussasuazannatiufead

Wauanmslganstug  iuwnduses  winsfinwayulwslumsdugadonslsnlures

Undafidunudssinnidismisuiuiienslsauiinadug Iadunuraulasgrddumsinm
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1. ﬁﬂ‘mwa°vaaﬂwsﬁué"’w'%amsﬂhﬁaqﬁuw?ﬂmmsaﬁ'ﬂmﬂwm%ﬁa a1gv waiderielnly
vesnluannsunasviinad

2. ﬁnmwammmsﬁuéﬂw‘%’ams«zﬁL%vaqauwgfﬂﬂamsaﬁ’ﬂmﬂwm%ﬁa a1gv1 selerielsnlu
doshnluanniglulelau
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TaqaunInl uazdsnimadau

Yagunal

nanseuayulng

arsafnensivenitla agen Fdldlunsdnwildfummeyessinnane
nduenans aminendeamaueiund lnetaidufeutameaniumesayulwsludmin
\Fedlwl Uszinalne Sradiouunsiean w.e. 2548 asatneriinasla ag Aldveasulddl
msmuquﬂ%mmmaami oxyresveratrol (2, 4, 3’, 5’ - tetrahydroxystillbene) ?galﬂu
miﬁ’lﬁ'mﬁaq’luﬂ’mmﬂ Tneia3os High Performance Liquid Chromatograph (HPLC) @1%
afinerilnanita angm Alunsinwilimualiiviinameans oxyresveratrol wnndn
80 \Wasldud TiimsmaseulSinaEs oxyresveratrol Tuansafindildlunisvnaasunsail
noaeulasaupndrmani wninedoamaiuaiund Tunsdiidelidnnsldow asadnens
Inanitla angurasgnifiuinunlilgamgll 20°C Tunsvaasuusiazaisiounienlnnnads

Tavavanely 10 Wasidus DMSO AnudutulsuauYa@Imaasuwindu 10 nsu wWesidus

= &

aneWugdunignldlunisfine

nnnsanwpssillafadendiunuretegiunidnalinlugesuinaiiaigg
Muuaiiounsuuin wuaiiSeunsuay Lasdes) lagaeiuireatiogdunsd e misibuute

LAYANMENVINZALUD AT D UAaLTRAAITI8ALL DAL UAITIN 2
o & Hdo v "o
N15AS8LL YN LaNAdaU -

IWzldgIdeRnsInagaumpewsidsaterioudadunan 24-48 dalas
iUl loop aelaladvesde 3-5 laladl ldluviausmanni@eddiamnsiaeadertinman
ntnhluusluguilune 18-24 43lus
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S99 2 LARIANERUSIIEAUVISE D1MSHREATD WATEN ISR IUNSINNZIR LN TE

1 9

YaadainnaauLnazIin

wupfienandes siaste sz
L%ﬁttﬂﬂﬁt?ﬂttﬂiﬂﬂ’an: BHI broth aerobic incubator
S. mutans ATCC 25175 BA agar 37°C, 24-48 dla
Lga!,wﬂﬁﬁﬂunsuau: BHI broth anaerobic incubator
A. actinomycetemcomitans BHA agar (80% N, 10% CO,,
ATCC 33384 10% H,) 37°C, 24-48
Flug
L%?asq: SDB broth aerobic incubator
Candida albicans ATCC 90028 SDA agar 37°C, 24-48 Falag

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
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ASnagdau

& .
1. ﬂ’]iVIﬂﬂE]UL‘I]E]ﬂluﬂn’]’JS Planktonic cell -

1.1 ms‘nﬂaaumsé’u5’@LﬁasflLﬁaqﬁu‘[ﬂal@,mnﬂmmadﬁumsé’ué?dﬂﬂ"‘a% Agar well
diffusion method A1u35u1a 7§74 ¥84 Clinical and Laboratory Standards
Institute (CLSI)*®

nMeaeUAiidudnnisunivesaseenginsdinmiiduadluluemsuds
fagld  Tawansezunsangaiidvanslunguludsemadeaderhiiamdsiansinon
aWnsians  Ingsvezyeiansunseaniuiimnududuvesarsiesanawiliinaanuuanais
gpsrrudituresansludoowsidoate  Weileedudiarlifinndydulaiaduleu

Ta (inhibition zone) @uidafiduiatuansimududuitliannsesudinsdydulaldfioe

divsnnutuudiudurevveslaula eswnmsveaeufuuuaiiBeluresnnrivlewy

g1 AuzuauwERans uAnendeasauaiuniliiinmeaeuliuda msfinuiieg

VAU RULALLANIZIYDT)

N1SLABUEIINAGDU

ansafae1sinenslia a1gen wisuduasarats 10 ndu Wesidus laevh

Asazatsme 10 wWasidus DMSO wasUsuusuinssgaimisiasatiasiiamad

@ ad 1 3 & < [ - [y i LA N
ARDLENTAU avatenIe 10 WasIauUnTILILasUSUUILIUALILIUANEY

913 R8T I IARALLTUYINAY 0.1 nSU LWesLEus

L |
NILAIBULYDIN

[ ]
= s Lol

Besdasluavsiasnteriiowan  Tuaneiwisideswanisien 2 Wu

a a

1181 18-24 alus Ysunauweaieinaaevaglutng 10°-10° waddeliadans
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“NINAdadU

T#UnAY (forceps) Mumamaniduiriugudnansdszanas 6 faduns Tu
mum‘miL?iumL%a*?iﬂ‘smmnL%aawﬂﬁuduaww75Lz“;ﬂqtf“nva‘nﬁmﬁqﬂ‘%mm 20 faddes v
vy sevugMniIUszIng 35-40°C uhldidefitosmanaaeuadiulusmnsiiguudy wau
Wouazownslidrfuandumaduauomnsunannidefivdedly dleemnsudeiléun
fiu (forceps) neauwvandnoen antuldasidesmanaseuadiuluusarvay vauas 90
lilpsdes wdrhaewnsiviiludidsatenuannefivranveadoduna 24l
dlepsunaiifmuahmssiuse Tretaanuunemedeulafifedumbefuiioduns (veu
Touiadeadiulouiidn dfidetuung Wdeinsnadiliausadufinsieiyuendeld)
nsvaaouiildaplnsfimnududu 10 nu wWedldud asraoidnddiu 0.1 ndu wWedldud
Hugaenuauuan wagldasazaeveamadunesidl 10 wWesiud DMSO ugamunuau

Tunsnagauazasunamun 3 A9

o

1.2 nsnadaurIviuiavedsatgangnslunisduginisiyivinveudagdunid

L]

a

a 3 = £ - 1 a ¥ ad
(MIC) wazwrUSunuvesarsargangnslunissindagdunid (MLC) #2835 Broth

L]

dilution method Au35UIAS§IULLS CLSI®

nsneaeudslldnanmsideatenasinsvageulusmsidetssiamad
fansfiseansnadeuraLsgNaMIiutuuendeiy Mnludananisigdvinveaied
nageuluemisidssdietiviansaliydulalavieli lesilSsuiisuiunquvaasiiiiae

wiliifiansvedoyu (gaAIuAuay) wasvquneaeiliansiaunsadugntiold 100 Wesidud

[
o s

& a a & ) e [V V]
(ormuauuIn) Mnisgndudinisiadydulavauemistuiagla diunquindiaanududud

u

[
= [

Liaunsodudadeli@orastlatuhliomnslunauy  nseumaldermadoadonqui
adiduhgavesansiiannsodudadiolfifus MC de MPC anfuriluvquitd
Uhinavesanssnaadigrdlunissindien 99.9 wWedidud dwlumamagey Broth dilution
method fiannsasiléa macro broth dilution method waw micro broth dilution
method urlufiivimmaaeulagldi3 micro broth dilution method (HeUs¥usaU3
vosnsildvagey  wasidssmnmieaeufuuuaiideluteniin  medvlowginer Aus
Fununnernans  amivedvasanueiund  livhmaveaeuliudy  nsnunismeadey

MALLALRNIELYD51
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a &
T NSIAIBULYDIN

\deudesfinainsvadaulusiuisiiewteriomal  @ne lunIsinag

Beossaanslumsed 2 Bunan 18-24 Falus Yiuddinadlilaussana 10° wadseliaddng
nvAgaY

madensansafauuvanasediay 2 wh (twofold serial dilution) Tngld
ansafnenslvenitla aawn 100 lulesdns wantuemisidsadostiaman 100 lulnsing Tu
mﬂwmaamgmwaéﬁﬁﬂ 96 #gu (round-bottomed 96-well polystyrene microtiter
plate) Inthufsdeniivdenlinquer 100 Lilasdns (enudidugarisvesasafnetsi
mitla angr1 eglutae 0.01-2500 Hadnsusiefiadans) dwiuvasayamunuiiiduay
(negative control) TinuuniiGelneilifiansisndouvaiide Wetuduwin Weannsa
winluosiug dugamuauiduuin (positive control) Idansavanunasidnddu 0.1
n3u wWedidud vauiifiewnsuilifidelflunisamsaeunisuudiou (contamination) tide
TUsuflgaumgiivssana 37°C uw 24 Halus WeasunafitwuansamLansolung
fudinsiaiyueaten Iﬂae’i’ammmnmsmmﬁwaammsLgml,%aLU?EJULﬁEJUﬁ’wqu
voaoulugamugy Mnonsiasadeyuuansindedsinnayduln winlawanyiasadn

LY

annsadudimaasgiaulavendals TevumMmLduIgaTesNgugINIsIRTyUeITes

-]

B (MIC) Tasandiduvesansatevauusnitlaviemududuiidngafiannsosudatold

gsreuduan MIC

MIMUSIINYBEISINEATgYEIUNSEesld  99.9 "wWesitud  lawga
asazangluvquitlaviavueainmvegeutisiulymwizidsntouuesideiinuis
nuuusluanmemngauduna 24-48 4alue mssenuat MFC Taeldamududuves

anmquusnitliwulaladve swdetusieanuduan MFC
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uniansad

fruiansumfmedugdunidyiinlminnfivdunlasuanuiala
ataniwne Fdlusfnfionyudliauevioinnmsidutheannisioiie Ruuasenasulns
gnianldiienisinwenisvielsatuu lsaftuy lsausviudvisudinssiilsaiiinainnsin

a

Wemelonia wulsesiludin (Candidiasis) Aietudledeydunignuilemiateiiunid

9

Uszdrdudanadeaunaas Inedelintsaaduiuamieifuinniunitund eemanvinli

a

Walgwwedsadiumnunanieydunidnegluguvedluleddu  (biofilm)  wagmeany

1
[ [

dudouvadlasaidlulefduiiesdmaliiveinaautilunishonssnlilunisinudagiu
i wudedlddefigriguusulumssnuitedinesiug dwalaildielunissnm

WY hagenalasunadulunseanvuadentunae’’ 5

NAINNTIANEIASITLERINIUIT a1sanneisinensia 219 @LNTAI

[
< a

Heyduvidiinelsaludesunldfudauuaiizounsuuan unsuauLasitosluan ey
fnwed wavanneluleWdy lagansatiaeiiinansida agw wilqvsaraidauuniiGounsy
au sewmunAeuuafidounsiuin uwasden awddy Tlenafumszanuuandises
Tassedundusadvendoqduvidusasrin  Tasludeuvaiiednuuzvedasadroniasad
aviiwUilalnauau  (peptidoglycan)  Wudwdszneuwan  Ieelassadavemdased
wuafisaunsuavIriimundusaieniatiredveanuaiiiounsuuin  dundagadues
Win 51 vide dad amduanswanladiu (chitin) felmnuudausann dunsldannnisfine
dnuaisvnanenmueategduvidfendenansmiBiinasouluudeansin  wansMAdey
sntuliaiigadreuuafiGewnsuaulsianinsiimedaiulddadlafiouduniasad

vouvuATiGounTILIN  dudendnuvariivnngbifauwansisngamuny  Tudnwoe
sUsuarnadesveadolatimmuuanddluaniay FunaldludouvafiGounsuuin Tas
Unfide S. mutans agiigusenay maGesiauduaslivier Wevaaeufuasataeiiven;
fla avudy wuindnunzguieeaadinmsiinemiu nedesianduaeduas waside
1ﬁﬁmsmsnz§wuaw§mﬁmf§u (aggregation) sidumswansafaeniinansia GRLY DR
KasensuUnTadventeviivisadlminlaidnuariiudsutadluanund delating
Uiuiliidinsen laenisegsaudiimuiungy (aggregation) Weunieswaduesiuanms

gnvihaelagansivegay
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28

lassaiwemtugadoniinasensidn-sanvasansada winalnniseanga

L

fuuouresnsadnensinansla angr1  Selsimunsoagdldogndaaulunmaasd 3
mMsfnuneunthiinunesuesans resveratrol dawlie Botrytis cinerea wios A duiu
Fosmilanildanelhifnlseluiineasugaanesidn lunmsfinwmuings resveratrol g
fONISNINUYDY membrane proteins f&'aLﬁu&hﬂwﬂmmsmuLﬁﬁ-aanmmms@iNq TGN
Qauvﬁé Taglusumunisyvineuees 1988 mitochondrial wag nuclear membranes®
uenaniisdinsnugvsvesansatinoriinansda a1n" sewte Fasciola gigantica Tadu
woslududeneliAnlse  fasciolosis  wuindnavilvideviulwadinisuAsuudadaals
Ufji3e1 oxidative phosphorylation u mitochondrial ian sidevie® %aﬁmsﬁqﬁaﬁﬂu
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INTRODUCTION used as antimicrobial agents. Arocarpus

lakoocha Roxb (Moraceae) is a traditional herbal
Antimicrobial properties have been derived from medicine, which is commonly found in tropical
a wide range of plant extracts. Natural products areas such as India and Thailand. The
are sources of chemical compounds that can be  oxyresveratrol, 2, 4, 3°, 5'-tetrahydroxystilbene,

Trop J Pharm Res, July 2014, 13(7).1149



43

Teanpaisan e! al

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 bioflm or dental plagque [10,11]. Recently
study reported that oxyresveratrol exhibited
antibacterial  activities against periodontal
pathogens, P. gingivalis and A.
actinomycetemcomitans {12]. Our previous study
indicated that A. Jakoocha extract may be a
useful antimicrobial medication for endodontic
treatment, due to its ability to inhibit growth of
Enterococcus faecalis [13]. However, information
of the antibactenal property of A. lakoocha
extract against oral pathogens is still limited.

This study is aimed at investigating the
antimicrobial and antibiofiim activities of A.
lakoocha 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.
lakoocha was purchased from a Thai traditional
drug store at Chiang Mai province, Thailand, in
January 2005. Oxyresveratrol, a major
compound of A. Jakoocha extract, was verified to
be > 95 % purity using a high performance liquid
chromatography by Dr Jindaporn
Puripattanavong, Department of Pharmacognosy
and Phamaceutical 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 Phamaceutical Botany,
Faculty of Pharmaceutical Sciences, Prince of
Songkla University, Hat-Yai, Thailand. A 10 %
(wiv) stock solution of A. lakoocha extract was
prepared in 10 % v/iv 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. sobnnus
ATCC 33478, E faecalis ATCC 19433,
Lactobacillus fermentum ATCC 14931, and
Lactobacillus salivarius ATCC 11741) and six (6)
Gram negative periodontopathogenic bacteria {(A.
actinomycetemcomitans ATCC 33384, P.
gingivalis ATCC 33277, Prevotella intermedia
ATCC 25611, Prevotella nigrescens ATCC
25261, Fusobacterium nucleatum ATCC 25586
and Tanerella forsythia ATCC 43037).

Organisms were maintained on either brain heart
infusion agar (BHA) with 5 % (vAr) blood for
facuitative bacteria and supplemented with a 0.5
% (wiv) yeast extract, haemin and vitamin K for
anaerobic bacteria. The strains were grown
under aerobic or anaerobic {10 % H2, 10 % CO;
and 80 % N;) conditions as appropriate.

Antibacterial assays
Agar diffusion test

The broth culture of each tested strain
{approximately 10 cfu/mi) was mixed thoroughly
with the sterile BHA (20 mi) 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 pl of
10 % A. lakoocha extract, while 10 % DMSO was
used as the control. The plate was incubated in
appropnate conditions according . to
microorganisms tested at 37 °C for 24 h.
Antimicrobial  activity was evaluated by
measuring inhibiion 2zone diameters; the
experiments were conducted in 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 Institute-(CLSI) recommended broth
microdilution assay as modified Briefly, two fold
serial dilutions of A. Jakoocha extract were
prepared with brain heart infusion broth (BHI!) at
a total volume of 100 pl 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 pi
of 0.5 McFarland for each tested strain per well.
After overnight incubation at 37 “C appropriate
conditions, absorbance was measured at 600 nm
using a microtiter 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 10 pl 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 kil assay. Growing
cultures (108 cfuml) 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%, 2x and 4x the MIC of A. lakoocha 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 ef al [14)]. Briefly, two-fold serial
diluted concentrations from 25 to 0.01 mg/mt of
A. lakoocha extract were made in a flat-bottom
96-well microtiter plate. The CHX (0.1 %),
phosphate buffered saline and the medium alone
were used as paositive, non-treated and blank
controls, respectively. An equal volume of the
tested strains (1 x 10° cfuml) 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-diphenyl-2H-tetrazolium-bromide (MTT) assay.
The numbers of surviving bactena were
determined by measuring their ability to reduce
the yellow tetrazolium sait 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 (MBICsq and MBICg) was defined
as the concentrations that showed 50 % and 90
% inhibition of biofilm formation.

Eradication of biofilm formation

The antimicrobial activity of A. lakoocha extract
in the biofim was also examined using the
minimum  biofilm  eradication concentration
(MBEC) assay. Briefly, 200 pl (10° cfwml) of
each representative strain, S. mutans ATCC
25175 and A. actinomycetemcomitans ATCC
33384, was inoculated into each well of the fiat-
bottom 96-well microtiter 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. Jakoocha extract
was then added to the biofilms in two-fold
dilutions serially from 25 to 0.01 mg/mi 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 contral)] x 100.

Scanning electron microscopy

A scanning electron microscopy (SEM) was
performed to examine the morphology changes
of each representative strain in S. mutans ATCC
25175 and A. actinomycetemcomitans ATCC
33384 after treatment with 10 % DMSO or 0.1
mg/ml A. lakoocha 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 peliet was fixed overnight in 25 %
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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 which are
shown in Table 1. All tested strains were
susceptible to A. Jakoocha extract with vanable
degrees of inhibition zones. The extract was
found effective against both Gram positive
bacteria and Gram negative bacteria. The
solvent controt, 10 % DMSO, did not affect
microorganism growth. The MIC and MBC of A.
lakoocha extract as evaluated by a microdilution
assay are shown in Table 1. The most
susceptible strains were S. mutans, P. gingivalis,
F. nucleatum and T. forsythia with MIC of
approximately 0.1 mg/mi and MBC 0.2 mg/mi.

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

kiled after 8 and 12 h, while A
actinomycetemcomitans was Killed after 6 and 8

h, respectively (Figure 1). The kiling of the

positive control (CHX) was observed within 30
min.

The concentrations of A. Jlakoocha extract
required to inhibit of the 2 50 % biofilm formation
{MBICsp) 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 growth (MBICg) 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. acfinomycetemcomitans by A. lakoocha
extract at various concentrations and with 0.1 %
CHX is demonstrated in Figure 2B. The
concentrations of A. lakoocha extract to
eradicate of the = 50 % biofilm formation
(MBECs)  of S. mutans  and A
actinomycetemcomitans were 156 + 0.13 and
0.78 £+ 0.12 mg/ml, and for 2 90 % of the
eradication of biofilm growth (MBEC) 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/mi 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 celis after treatment
with A. lakoocha 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. lakoocha extract against oral pathogens (meah + SD, n = 3)
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inhibition

Bacteria strain Zone (mm) MIC (mg/mi) MBC (mg/mi)

Gram positive bacteria
S. mutans ATCC 25175 30.540.00 0.10+0.00 0.200.00
S. sobrinus ATCC 33478 16.0+0.35 0.39+0.00 1.56+£0.00
E. faecalis ATCC 19433 18.240.00 0.39+0.00 3.1240.00
L. fermentum ATCC 14931 17.740.35 0.39+0.00 0.78+£0.00
L. salivarius ATCC 11741 15.0+¢1.41 0.10+0.05 0.78+0.00

Gram negative bacteria
P. gingivalis ATCC 33277 21.0+1.41 0.10+0.05 0.100.00
P. intermedia ATCC 25611 30.540.70 0.20+0.05 0.2010.00
P. nigrescens ATCC 25261 25.540.70 0.39+0.00 0.3910.00
F. nucleatum ATCC 25586 30.7+0.35 0.10+0.00 0.20+0.00
T. forsythia ATCC 43037 29.040.00 0.10+0.00 0.20+0.00
A. actinomycetermcomitans ATCC 33384 29.542.12 0.10+0.00 0.20+0.00

ATTC = American Type Culture Collection
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Figure 1: Time-kill curves of A. lakoocha extract
against S. mutans (A) and A. actinomycetemcomitans
(B). Bacteria stains were incubated with 0x MIC
(—®), 1=« MIC (—©— ), 2x MIC (¥ ) and 4x
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Figure 2: Inhibition of biofim formation (A) and
eradication of biofilm formation (B) of S. mutans (n)
and A. actinomycetemcomitans (m) by A lakoocha
extract at various concentrations and with 0.1 %(w/v)
CHX (positive control); error bars denote standard
deviation (n = 8)

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. Jlakoocha 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.

Resuits of the present study clearly
demonstrated that A. /akoocha extract revealed
good antibacterial agent activity against both
cariogenic bacteria (e.g. S. mutans, S. sobririus)
and periodontopathogens including P. gingivalis,
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 ef a/ [12] who
demonstrated the antimicrobial activity of A.
lakoocha extract against periodontopathogens
Gram negative bacteria. However, cariogenic
bacteria were not susceptible to A. lakoocha
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. Jakoocha extract was
also assessed in this study. Experiments
comparing biofilms of oral strains with broth
cultures have demonstrated that higher
concentrations of A. Jlakoocha extract are
required to significantly inhibit existing biafilm
cells. This is an expected result since bacteria in
the biofilm are strongly protected and less

Trop J Phaym Res, July 2014; 13(7)1153



47

Teanpaisan et al

susceptible to antimicrobial agents than in
planktonic form. it was shown that A. Jakoocha
extract was able to eradicate oral biofilm in a

dose and time dependent manner. Our results .

indicate that A. /lakoocha extract acts as a potent
antibiofilm agent that has dual actions preventing
biofilm formation 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
microorganists occurs in the biofilm resulting in
a decrease of the indigenous bacterna and in
favour of pathogenic strains. An effective
approach for controlling dental plaque is to
prevent formation 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 cravo
[18] and Rhei Rhizoma [20] with MICs against S.
mutans of 714, 1 - 2, 4 and > 5 mg/mi,
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. lakoocha
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 with 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. lakoocha extract was determined using an agar well diffusion method. Minimum
inhibtory concentration (MIC) and minimum fungicidal concentration (MFC) were assessed using a method of the Clinical
and Laboratory Standards Institute. A time kill assay was also performed. Antibiofilm activity was investigated using a 3-[4, 5-
dimethyl-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 mg/ml and MFC ranging from 0.10 to 25 mg/ml The killing activity
depended on the time and concentrations of the extract. 4. lakoocha extract acts as a potent antibiofilm agent with dual
actions, preventing and eradicating the biofilm. Results suggest that 4. lakoocha extract is a potential source of natural
anticandidal agent, which may be useful for prevention or treatment of candidiasis.

Keywords: Artocarpus lakoocha, Candida, anticandidal activity, antibiofilm activity

1. Introduction

There has been 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 immmunocompromused patients,
the more widespread use of indwelling medical devices, and
the use of broad spectrum antifungal 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 frequently
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

* Corresponding author.
Email address: rawee.t@psu.ac.th

formation is an important virulence factor for a number of
Candida species, as it confers significant resistance to anti-
fungal therapy by lLimiting the penetration of substances
through the matrix and protecting cells from host immune
responses (O'Toole et al., 2000; Kojic and Daroniche, 2004;
Kuhn ef al., 2002; Li et al., 2012). It has been demonstrated
that biofilms formed by C. albicans and/or NCAC strains
have been assoctated with higher morbidity and mortality
rates compared with strains unable to form biofilms (Kuma-
moto, 2002).

Artocarpus lakoocha extract has been reported to
contain antibacterial activity against a wide range of bacteria
including Mycobactertum tuberculosis H37TRa, Bacillus
subtilis, B. pumilus, Proteus mirabilis, Shigella soneii and
Escherichia coli (Pandey et al., 2009; Puntumchat ef al.,
2004). A. lakoocha i1s a valuable tropical tree species
belonging to the Moraceae family, commonty 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 vitra anti-virus activity (anti-herpes
simplex virus (HSV), anti-varicella zoster virus) (Chuanasa

et al., 2008; Docherty ot al., 2006; Likhitwitayawmid et al | -

2005; Sasivimolphan ef al., 2009; Sritulaluk a¢ al., 1998).
Another study suggested that oxyresveratrol was neuro-
protective and inhibited apoptotic cell death in transieat
ischemia in a rat model (Andrabi ef al., 2004). Due to its
reported potent tyrosinase inhibitory and antioxidant
activities (Sritulaluk et al, 1998; Kim ef al., 2002), the material
has potential application as a novel skin whitening agent in
cosmetic preparations (Tengamnuay er al., 2006). Most
studies have reported its antiviral and antibacterial activities;
however, data regarding the antifungal capability of A.
lakoocha extract has been limited.

The aim of this study was to wvestigate the anti-
candidal and antibiofilm activity of A. lakoocha extract
apgainst various Candida spp. via an in vitro study.

2. Materials and Methods
2.1 Preparation of A. lakoocha stem bark extract

The extract of 4. lakoocha was obtained by botling
small pieces of stem bark in water. After removing the
remaining wood fragments and other msoluble residues, the
aqueous extract was dried to give a vellow-brown powder for
use in this study. The content of oxyresveratrol i the dued
extract was determined to be »80% (w/w) by using high
performance liquid chromatography A 10% (wiv) stock
solution of A.lakoocha extract was prepared in 10% (v/v)
dimethyl sulfoxide (DMSO, Merck) for use in this study:

2.2 Candida strains and growth conditions

The tested Candida strains included Candida
albicans ATCC 90028, Candida albicans ATCC 10231,
Candida dubliniensis MYA-571, 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, and Candida tropicalis ATCC 13803.
Allsstrains were cultured on Sabouraud Dextrose Agar (SDA;
Dafco Laboratories, Detrott, Michigan) aerobically at 37°C
for 24 h.

1.3 Anticandidalassay
2.3.1 Agar well diffusion assay

The broth culture of each tested strain (approxumnately
10’ CFU/ml) was mixed tharoughly 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 pl of 10% A. lakoocha
extract, while 10% (w/v) DMSO was used as the negative
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control and 0.1% (w/v) CHX was used as the positrve control.
Plates were incubated at 37°C for 24 h. The antifungal actovity
was evaluated by measuring inhibition zone diameters in
millimeters. Duplicates were maintained and the experiment
was repeated thrice.

2.1.2 Broth microdilution assay

The minimal inhibitory concentration (MIC) of 4.
lakoocha extract agamst each tested strain was determuned
by broth microdilution method (NCCLS, 2002). Briefly. two-
fold serial dilutions of 4. lakoocha extract were prepared
with SDB at a total volume of 100 pl per well in 96-well micro-
uter plates. The final concentrations of 4. lakoocha extract
ranged from 0.02 to 25.00 mp/ml. The microtiter plate wells
were inoculated with 100 pl of each tested strain at the final
concentration of 1x10° CFU/mL, and incubated at 37°C for
24 h. The negative control consisted of SDB broth and
Candida suspension without the agent, and the blank control
contained only the medium. The MIC was defined as the
lowest concentration of the test agent that completely mn-
hibited growth in comparison with the negative control. All
experiments were performed in triplicate.

The minimal fungicidal concentration (MFC) was
defined as the lowest concentration in a well that did not allow
vistble growth when 10 pl of the well content was plated on
agar and grown for 24 h at37°C.

2.4 Killing kinetics assay

Candidal activity of A. lakoocha extract was studied
using a time-kill kinetic method. Growing cultures (10°CFU/
ml) of each representative strain, C. albicans ATCC 90028,
C. tropicalis ATCC 66029 and C. dubliniensis MYA-577 were
added to SDB and were exposed to 1x, 2x and 4x the MIC of
A. lakoocha extract. Samples were taken for colony counts at
0,051, 2 4,6, 8,10, 12 and 24 h. The viable counts were
determmed using the sertal dilution method after incubation
at 37°C for 24 h. Each expestment 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 Autibiofilin assay
2.5.1 Inhibition of biofilm formation

Theeffect of A. lakoocha extract on biofilm formation
of each representative strain, C albicans ATCC 90028, C.
tropicalis ATCC 66029 and C. dubliniensis MYA-577 was
examined using the modified microdilution method (Tawee-
chaisupapong et al.. 2010, Wu et al., 2013) . Briefly, two-fold
serial diluted concentrations (0.02-25.0 mg/ml) of 4. lakoocha
extract were made 1 a flat-bottom 96-well nucrotiter plate.
The CHX {0.1%, w/v), PBS and the medium alone were used
as the positive, non-treated and blank controls, respectively.
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An equal volume of the tested strains (1x10* CFU/ml) was
added and mixed with the agent, except in the welf with
medium alone {the blank centrol). Following mcubation at
37°C for 24 h, supematants were discarded and washed 3-
times with PBS. Biofilm formation was quantified using a 3-
4, 5-dimethyl-2-thiazolyl]-2, 5-diphenyl-2H-tetrazohum-
bromide (MTT) assay. After washing, 100 pl PBS with 0.5%
{w/v) MTT (Sigma-Aldrnch, USA) solution was added and
allowed to incubate for 3 h at 37°C. The MTT solution was
replaced with 100 ul DMSO and allowed to incubate for 15
mitn at room temperature. The number of surviving cells was
determined by measuring their ability to reduce the yellow
tetrazolium salt 1o a purple formazan product at 570 nm.
Higher OD values indicate an increased number of surviving
Candida in the biofilm_Percentage inhibition was calculated
using this equation: [1-(A570 of the test/A570 of the non-
treated control)] x100%. The biofilm mhibitory concentra-
tions (MBIC, and MBIC,) were defined as the concentra-
tions that showed 50% and 90% inhibition of biofilm forma-

tion. All experiments were performed in triplicate.
2.5.2 Eradication of biofilm formaticn

The antimicrobial activity of 4. lakoocha extract in
the biofilm was also examined using the minimum biofilm
eradication concentration (MBEC) assay (Bramballa er al ,
2009; Wu et al., 2013). Briefly, 200 pl (10° CFU/ml) of each
representative strawn, C. albicans ATCC 90028, C. rropicalis
ATCC 66029 and C. dubliniensis MYA-577 was inoculated
into each well of the flat-bottom 96-well microtiter 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. 4. lakoocha extract was then added to the biofilms
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two-fold serial dilutions (0.02-25 mg/ml) and mcubated for
24 h at 37°C. At the end-point of the treatment of the biofilms
with 4. lakoocha extract, the adherent Candida was washed
three times with sterile PBS. The numbers of surviving
Candida wese determined by a MTT assay. The MBEC value
was defined as the concentrations that showed 50% and
90% eradication of Candida  the biofilm. The 0.1% (wiv)
CHX, PBS and the medium alone were used as the positive,
non-treated and blank controls, respectively. The experiments
were performed 1n triplicate,

2.6 Statistical amalysis

The data were expressed as mean and standard devia-
tion (SD) by computational analysis from the three expen-
ments with duplicate independent experiments. Data from
biofilm assay were analyzed statistically using Mamm-
Whitney U test. Differences were considered statistically
significant at P<0.05.

3. Results

The anticandidal activity of A. lakoocha extract
was evaluated using an agar well diffusion assay, which
demonstrated that all tested strams were susceptibie to 4.
lakoocha extract with vaniable degrees of inhibition zones
(Table 1). An example of an inhibition zone of 4. lakoocha
extract 1s shown in Figure i; the vehicle control {10%
DMSO0) did not affect Candida growth. The MIC and MFC
of A. lakoocha extract as evaluated by a microdilution assay
are shown 1n Table 1. A lakoocha extract exhibited ann-
candidal activity against most tested Candida strans with
MICs ranging from 0.05 to 3.12 mg/ml and MFCs ranging
from 0.10 to 25.00 mg/m! (Table 1).

Table I. Antimicrobial activity of . lakoocha extract against Candida spp.

Concentration of A. lakaocha

Inhibition zone (mm
Stains of Candida spp. Mean + 5[5 ) extract (mg/m)
MIc MFC”
C. albicans ATCC 90028 20+0.13 078 1.56
C. albicans ATCC 10231 15+0.14 156 312
C dubliniensis MYA-577 15021 078 1.56
C. dubliniensis MYA-646 20+0.15 078 1.56
C' glabrata ATCC 66032 2040.13 1.56 25.00
C. glabrata ATCC 90030 18+0.06 1.56 12.50
C krusei ATCC 34135 13+0.06 312 25.00
C krusei ATCC 6258 1410.10 312 25.00
C. tropicalis ATCC 66029 284005 0405 010
C. tropicalis ATCC 750 191015 078 12.50
C. tropicalis ATCC 13803 2040.06 0.78 25.00

* MIC — Minimum Inhibitory Concentration
*MFC -~ Minimum Fungicidal Cancentration
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Time kill curves wese performed for 3 representative
Candida spp. (C. albicans ATCC 90028, C. tropicalis ATCC
66029 and C. dubliniensis MYA-577), the killing activity

depended on time and concentrations of A. lakoocha extract.

Generally, 1x MIC could reduce the number of CFU by
approximately 50% after 10 h of incubation; however,
complete sterility was not achieved. At 4x MIC and 2x MIC,
all strains were killed after 6 and 8 h, respectively (Figure 2).
Killing by the positive control (CHX) was observed within
30min.

The concentrations of A. lakoocha extract required to
inhibit >50% biofilm formation (MBIC,) of C. albicans ATCC
90028, C. tropicalis ATCC 66029 and C. dublintensis MYA-
577 were 3.130.23, 0.39+0.12 and 0.39+0.18 mg/ml, respec-
tively, and for >90% inhibition of biofilm growth (MBIC,)
the concentrations were 25.00+0.18, 1.5640.05, and 1.56+0.29
mg/ml, respectively. At the concentration of 4. Jakoocha
exiract> 0.10 mg/m], there was a statistically significant in-
hibition of biofilm growth of all tested strains compared to
non-treated control (Figure 3). The amount of 4. lakoocha
extract required to eradicate >50% biofilm growth (MBEC,)
of C. albicans ATCC 90028, C. tropicalis ATCC 66029 and
C. dubliniensis MYA-577 were 6.25+0.20, 3.12+0.13 and
3.12+0.23 mg/ml, respectively, and for >90% of the eradica-
tion of biofilm growth (MBEC,)) the amounts were > 25.00,
12.500.20 and 25.00+0.26 mg/ml, respectively. At the con-
centration of A. 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 species 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
of individuals worldwide (Calderone and Fonzi, 2001; Ruhnke,
2002). In the oral cavity, C. albicans is the organism that most
frequently 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 commeon treatment

Figure 1. Agar well diffusion assay of 0.1% (whv) A lakoocha
extract against C. tropicalis ATCC 66029 (a) showing by
inhibition clear zone, 0.1 g% (whA) CHX served as
positive coatro] (b) and 10% (v/v) DMSO (c) served as
negative control.
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albicans ATCC 90028 (a), C. tropicalis ATCC 66029 (b)
and C. dubliniensis MYA-577 (c). Bacteria stains were
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and 4x MIC (A); 0.1% (w/v) CHX (=) over time. CFU,
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Figure 3. Inhibition of biofilm formation of C. albicans ATCC 90028
(a), C. tropicalis ATCC 66029 (b) and C. dubliniensis
MYA-577 (c) by A. lakoocha extract at various concentra-
tions and with 0.1% (w/v) CHX (the positive control) is
demonstrated. Error bars indicate standard deviations;
n=0. *, differences (compared to the blank control) were
considered statistically significant at P<0.05.

15 the use of antifungal agents such as azoles (uconazole,
itraconazole, miconazole and ketoconazole) and polyenes
(amphotericin B and nystatin). However, those who use such
agents are often faced with several problems including the
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Figure 4. Eradication of biofilm formation of C. albicans ATCC
90028 (a), C. tropicalis ATCC 66029 (b) and C. dubli-
niensis MYA-577 (c) by A lakoocha extract at various
concentrations and with 0.1% (w/v) CHX (the control)
is demonstrated. Frror bars indicate standard deviations;
n=6. *, differences (compared to the blank control) were
cousidered statistically significant at P-:0.05.

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

Many studies have demeonstrated that traditonal
herbs possess anticandidal activity against Candida spp.
(Boroujeni et al., 2012; Rukayadi et al., 2006; Yigit et al.,
2009). In the present study, 1t was found that 4. lakoocha
extract has a good antifungal activity agamst Candida strains.
A. lakoocha has previously been reported to have antiviral
and anttbacterial properties, and this study is the first to
reveal the anticandidal activity of 4. lakoocha.

In addition, 4. lakoocha exiract has shown antibio-
film activity. Biofilms of C. albicans and NCACs are associ-
ated with high 1ncidence of hospital morbidity and mortality
(Nett and Andes, 2006; O*Toole ef al., 2000; Silva et al ,
2010) due to the increased use of medical devices such as
lens, implants and dentures. Such biomaterials facilitate
Candida strains to colonize and form biofilms leading to the
development of resistance to antifungal agents, e.g. amphote-
ricin B, micronazole, ketoconazole and fluconazole (Chandra
et al., 2001; Kuriyama ot al., 2005). Experiments comparing
biofilms of Candida with broth cultures have demonstrated
that higher concentrations of A. lakoocha exwact are
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required to significantly inhibit existing biofilm cells. Thisis
an expected result since Candida in the biofilm 1s strongly
protected and less susceptible to antifungal agents than
Candida in planktonic form (Baillie and Douglas, 2000;
Chandra et al . 2012). It was shown that A. lakoocha extract
was able to remove Candida in a dose- and time- dependent
manner. Our results indicate that 4. lakoocha extractacts asa
potent antibiofilm agent that has dual actions preventing
biofilm formation and removing existing biofilms.

The exact mechanism of action exerted by A. lakoocha
extract on Candida is still unclear. Among previous studies,
cne study of interaction of resveratrol with Botrytis cinarea,
a gray mold that mfects grapevines, showed that the
proposed mode of action involved an interference with the
functionality of membrane proteins, especially those of the
mitochondria. The mteraction 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 fasciolosis, imphied that 4. lakoocha contains a very
high content of oxyresveratrol that could cause tegument
changes by affecting the oxidative phosphorylabon in
mutochondria. It has been explained that oxyresveratrol (the
major constituent of this crude extract has similar chemical
structure to the halogenated phenal group of drugs, such as
nitroxynil) could act via a similar mechanism. It was reported
that nitroxynil acts as an uncoupler of oxidative phosphory-
lation (Fairweather etal , 1984; McKinstry of al.,2003). Asa
result, the decreased production of ATP would affect the
Na™—K’ pump, leading to the influx of Na” and water, and
consequently the swelling of the syncytinm as observed in
the smdy of F hepatica treated with nitroxynil (McKinstry
etal ,2003).

In conclusion, the current study supports the tradi-
tional advantages of the studied plant, and suggests that the
stem bark 4. lakoocha exwract 1s a potential source as a
natural antifungal agent. It possesses compounds with good
antifangal properties that may be used for oral infections
diseases caused by certain Candida spp. After this screening
experiment, further work should be pesformed to describe the
antifungal activities in more detail as well as their activity
in vivo.
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Abstract

Objevtives:  The i af thiv stiedy was e investigale the
antifiungal ond antibiofilm activity of Arterurpx kikoocii
extract agoiust varions Candidda spps. in vivre study.

Methods: The wmifimgal wcti vity was performed by measormyg
e inhibitior zones sing agear-well  diffusion svthnd
Minimuwm [nhibition  Concentration fANCS ot Miniman;
Fungicidol Concentration (MFET were assessed vsieg doe
micradilution mediod of the Cliniead  and Laboratory
Stencdards  Institare (CLSH. Minimm hicfilm  ervadicarion
convertrution (MBEC) wos investiyaed using MIT as Niry

Resuirse i has shown thar 4. lakoncha extract exhibited o
Kwed ansifungal asrivity ageinst must tesed Candider siratay.
MICs vanged from B4 10 312 mgmd and MECs st fron
G100 0. 23 sigeml. The amornt of A lickovehis exiract respilvd
to remove 230% biofilm. forstation (MBEC g of € alhicans
ATCU 9028 O propicaiis ATCC 86029 and . dubdiionsis
LY SFT were 623 342 and 312 mgent respuciivety, and
2 af the vewiovs! of bisfilm et wore 2308, 12 50 and
2500 myant vespectively,

Conclusions: A. lkoocha extract has an irihibitory effect on
varions Candida spp., which may be usefid for prevention o
freatment orid candidiasis. The mcclumismn, of aniifunge
metivity will b fievher investigated.

Keysoords. Arvtacrpus lakoochs, Candide spp.. Antifungal
aciity, Asaibiofilm qorivity

k Departmint of Phomecogsosy and Phrmacentioal Boron, Facidn uf Phariiacontival Scignoes. Prince of Songkic University,

Introduction

Articarpis lokoocha i oa veluable gopical ee spevies
betonging to the Musaceas family; it is a large deciduous tree
reaching 30 meters in height. it is commonly found in irapical
arcas such as India and Thailand. The fght brown powder is
the product of an ayuesus extract obtained by baoiling
A Jadoucho bark, followed by slow evaporation, then cooling.
Consequently, the powder that floats on top is separated by
straming, The major constitucnt 0f 4. kkooeha bark extract is
pxyresvecatol. -2, 4. 3, 5 -eruliydrosystithene, which
has recently been seponted o possess i i anti-herpes
simplex virus (HSV) potential [1-2] and be able o inhibit
replication of HSV-1 and HSV-2 from an in wive study i
mice 311t has slso heen sugpested o show i vitro anti-
voricella zoster virus activity [4-5, For antibacterial sotivily,
A. lakvochy was found 10 be able to inhibis Myveohacterium
arberendoxis HATRw, Bucillus sufwitis, B pruemilils, Protens
avirabilis, Shigella soneii avd Eschoricohia coli 16-71. Another
study Tas suggested that oxyresveratol was neuraprotective
and inhibited apoptotic cell death in ransient ischemia in s rat
maoded (8] Due 10 s reported potent tyrosinase nhibitory snd
antioxidant sctivitios |1, 9 the nuderial hus peential
application ax a nowed skin whitesing agent i cosmetic
prepasations {10}, Most stodies fave seporied its apti-vira! and
andibacterial uctivitios however, data veganding  antifungal
capabifity of A. fakoucha extract has been Hmited. '

Amouy  Comdida spp.,  Condtde  athicans 15 the most
commonty  Jousd  in patients  who  received  cancer
chemotherapy, wken hroad spegtrupy amimicrobial, V-
mfection and dinbetes.

The aim of this study was 1o investigite the antifungal and
unbitiolin aetivity of drtacarpus kakovche extract against
varkons Candicde spp. in vitro study,
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Material and Methods
Preparation of A. fukoncha steam bark extract

The extravt of 4. libooche was obtained by boiling smud!
picces of stem bark in waner. Afler reoving the remaining
wood frgments and other insoluble residues, the agqueous
extract was dried o give a yellow-hrown powder for use in
this study. The content of oxyresveratol my e dried exiract
was determined o be ¥0% by wiw using Bigh perfornance
fiquid chromatography (HPLO). A 10% gy stock solution
of A, lukoorha extract was prepared in 2% dimethylsatfoxide
(M50, Merek; for use in s stosly,

Funga! stroins and growth conditions

The tested Curida spp. were € albicans ATCL 90028,
¢ abbicany ATCC 10231 € dublinionsis. MY AS7L
C dibliniensis MYA-6d6. € glabrato ATCL 66032,
C. glatrata ATCC 90030, € bryei ATCC 34135, O brasel
ATCC 6238, C tropivsdis ATCU 66029,  wropicalis ATCC
750 and © mopicaliv ATCC 13803, Al were cubured on
Sehourmid Dextrose Agar (9DA) under aerobic condition
3T°C for 24 h.

Antifungal assay

Deterviinati I'Dj' intibiti

zome  dinmeter:  Agar-well

dilfusion method was used 10 determine the antifumzl activily,

One hundred microfiters of ipoculam, equivalent o 107
CFU/mi, was mixed with 20 m) of warm melted SDA and
porired info the phate with & mm diameter metst cup. After
solidifying of SDA, the metal cups were removed and the well
was added with 100 wi of 4 fekeocha extract, 20% DMSO
werg taken as the negative control and 0% ehiorhexidine
(CHX) were the positive control, Plate wis incubated a0 3750
for 24 h, The antitunpal setivity was determined by measuring
the digmeter of zone of inhibition in millimeter. Duplicates
were maintained and the experiment was repeited thnve,

Determination. of MIC amd MFC: Minimum  Inhibition
Concentration (MIC) and Miginwan Fuingicidal Concentration
(MFCY were assessed using microditution method of the
Clinical and Laboratwory Standards Instnute (CLSI. Brielly,
the A lokopcha oxirmet was subjected W bwo-fold serial
dilmtion in the Sabouraud Dextrose Brath {SDB) te obioin
concentrations from 0024 mp/mi 10 23 mpiml ar o wotal
vatume of 106 ul per well in 96.well microtter plates. A 100
pb o cach Comdticdad cubtire ot a final. congentration of [%10°
CFUsmi was added to the well and incubated 4137 Clor 24 b
M€ was determined by visual observation for the Hrst
dilution with no fungal growih compared W positive control
{media without stains). All experiments were repeated thrice
i duplicate and the average values were reponted as MIC.

A minimum fungicidal concentration (MEC) s the lowest
concentration  of an  antifongus  required 1w kill
a microorganism. The MEFC was determined by sub-culturing
10 1l of the test ditations from MIC whes on to fresh agar
plutes. Plotes were incubated av 37°C for 24 ho The highest
dilution that yielded no single 1 colony on the plates was
recorded us MFC.
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Determination  of  Mininwn biofilme  erudication
concentration (MBECY; The antimicrobial sciivity of A
Jeknoeha exwact in e biefilm was nlse examined usi
wtiman biofite cradication concentration (MBIEL
P11-12 Biofibo assays were performed with single
hiafins of Coadida spp. {C albieans ATCT 900
frapivalis ATCU 66029 and O dublitiensis MYA-S
vl conceniraion of the inocudums (-16° CFL/mB 200 p
was Inoculated into the wells of polystyrene, Hlat-hottom Yb-
welt microtiter plates, incabated under serobic conditions at
FPC for the Jovelopment of 3 multilayer bolilm, Afler
cultivativn For 24 h, teowells were washed with 200 ub of
steribe phosphate buffored salime (PBS) 0 pemove any
unateiched cell, These biofilms were then exposed o a 200 pl
of various concentrations of 4, Jukoocha extraet ranpsd from
D024 myind o 25 mpmi incuhated for up i 24 hinacrobic
conditions w370, Afler cultivation. the wells were
vigorously wastied with 200 ui of PBS 0 remove non
adberent cells, Hnetly, 106 ub of MTT solution (3 mgfml i
PBYj were placed In each well and incubated at 27°C. 3 hina
dack place. The MTT solution was replaced with 100 4
dimerhyd subfoxide {DMSO), the plates were incabated or 13
min at room temperature, 90 pi of suspension were twken from
vach well and optical density was mwssred with a micreplule
reader ar 570 pot.

The MBEC value cortespondy 1o the lowest dilution that
prevents the regrowth of bucteria on the treated biofilm,
and MBEC,; are the minimam concentrations (bt
inhibit 30% and 90% of the olates from forming on the
biotitm compared to the 01 CHX, Al experiments were
performed @t lesst in triplicat,

Statistical analysis

Data were expressed as mean and standard deviation (5.0.) by
compusnional  analysis  from  the tiree  experiments in
duplicate independent experiments.

Results and Discussion

it mas demonstratedd that A4, Jakoocks extract exhibited a good
antifungal activity against most tesked Candida srains, MiCs
ranged from 005 0 312 mgimt and MECs-ranged fonm 0.1
to 25 aywest (Table 1) An example of inhibition zope of
A fakoocha extract s shown in Fuaare 1.

Yhe amaount of A Ldwocha extract required 1o remove 250%,
tiolilm formation QABUC Y of O albias ATOC 95028
€ tropicalis ATCC 66029 and € dubliniensic MY A-
were 6.75, 3,12 and 3,12 mg/ml respectively, and  290% of
the removal of biofidm grimah weee 2300, 1250 and 2300
mgimi respeciively. the results are shown in Figure 2,

A fgkoocha bas been tadionally used as @ nutural
anthelmintic. 1t has previously reported an antiviral effect on
HSV and varicelta zoster {1-5} An antibacterial effect on
Myvobucterium  eberculoyis HATRa,  Bacillus  subtifis,
B pumilitus,  Prorews  mirabilis,  Shigella  soneti
and Escherielin coli 16-7] has been reported. In this study, it
was found that 4. lakoocha extract could Inhibit the growth of
various Candlsda spp. in plankionic and biofilm forms,

Candide spp. i the mosi common cause of the oral
condidiasis; especinlly in the Jong torm denture wearers and
HIVainfeeted patients. The widely topical agents for treaiment
of orul candidinxis are nystatin suspension and chlorhexidine
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eluconate (CHX) Nyswtin has the hitter saste, and it may
cavse nausea and vonvting when bigh dose nsed. CHX hus
been reported as hoving many wvinted effects when Jong
weom used neluding taste dituchance, desquamative lesion
angd broswn stainisg of the teeth and oral pucoss. Thus,
A, kekoseliy exiract may be o slerpatiee Carce For festmen
of ral candidiasis.

Tabfe b Anmpaiorobial acriviie of A lakiches extraet ageaiinst

Canrleder sy

Fowd 68 By {hiial Bewgepcte”

Status of Cundide spp. n::‘::)b‘i';:::::;“ MICT | MFC
Cameaaricomss | auzoyy | OW| 1%
¢ afbicans ATCC 10230 | 1540,14 Ik
C dablindensis MYA-577 | 1.5406.2) 0.7%

C dublinersis MY A6 i 0.78
gl ATCC 66032 1.56

dlabrunt ATCC 90036 1 182086 136
€ krmsed ATCC 24133 P31 40.06 312
, : I S R

i ATCC 66029 | 15 50,05 0.4
¢ wopicalis ATCC 750 194013 0.78 | 1250
€ wopicalis ATCC 13803 | 2.0 40,06 078 2500

I Adiniasen (alibhooy Coneentration {mg /mly
PAMEC - Mininwe Fongivids! Carcentratig fmg il

Fugure |- odn inhibition zeme of arawticrobial effeci of 10 %
A dakooeho extract againgt C tropicatis 470C 66029

Fhe {17 Dienial Facully Consontinm of Thailand Academic Meeting and Research Presentation (DFCT2013)

% removal of biofilm
x
o <

12C

B

E X

P

2 =
@02 1 X} 1.4 &2

2903 4%

final concentration of 4. fukeocha extract (mg/ml)

Figure 2 - Eradication of biofilin Jormation of C. albicans
ATCC V0028 far. O mropicalls ATCC 66029 (b aml
¢ dubdiniensis MYA-527 i by 4. lokvocke extroct af various
concensrations and 8.1% CHX (control}

Conclusions

1t was derwonstrated that A, lekertha extract hax an inhabitory
effect on varions Candide spp.. which may be usefui for
prevention or ueatment oral condidiasis. The mechanisms of
antifungal acuvity will be further investigated:
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AARUIN

A58 0.5 McFarland Standard

0.05 fadansves 1.175 Wodidud BaCl, (BaCl, - 2H,0) waniu 9.95 fiadansves 1

Wesidua sulfuric acid (H,SO4)

ATAIANUINT 1 N15IM38N McFarland Standard Luadana 9

McFarland standard  1.0% Barium chloride 1.0% Sulfuric acid  Approx. cell density

No. (mb (mL (1x 108cfu/ml)

0.05 9 1.5

1 0.10 9 3

2 0.20 9 6

3 0.30 9 9
4 0.40 9 12
5 0.50 9 15
6 0.60 S 18
7 0.70 9 21
8 0.80 9 24
9 0.90 9 “ 27
10 1.00 9 30

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

drulsznausaang
Dextrose 40 n3u
Casein 10 niu
Agar 15 nSu

=

33wm3eu (@msu Sabouraud’s dextrose agar commercial product)
1. FramsauaaIntenseled Wwuiinduadlumuusuinsineemsinsen antuusu

AovUszunm 5.6 + 0.2

2. Ludn Autoclave i 121°C fimausiu 15 Yauamanisnails w 15 u
3, nttusaldmiufiuseuna 45-50°C wasuamsidsudeausiaannide selwe1mws

g w v & dva
LL%QW'JLLa'JLﬂ‘UVlﬂLU‘U

** pasnadeununmustemsIlifimstuteuvendereuiluldau

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

daulsznaunanng
Calf Brain Infusion 7.7 n3u
Beef Heart Infusion 9.8 3w
Proteose Peptone 10.0 n3u
Dextrose 2.0 N3y
Sodium Chloride 5.0 N3y
Disodium Phosphate 2.5 N3Y

arafufin  Agar (Difco) 15 N3y

Yeast Extract (Bacto) 5.0 N5y
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3B1w38u (113U Brain Heart Infusion Agar (BHI Agar) commercial product)

1. fewseueandinssleduiesjifinislinssUesiiluemsinaiesoafiniu
won MndwRmhnauadlunuuiuesidensnsen Usuileruszunad 7.4 + 0.2

2. 1141 Autoclave 1 121°C ieudiy 15 Usuason131987 w1y 15 Wi

3, ntuseliduiiussan 45-50°C 1w Sterile expired human blood Tudnsndau 5

2 g . o a | veg & a o

WesiguaresUSnasamsimssuivdug imduillemeny

4. wiasue M adsadeiivnannide seliemsududuiuigidu

* asnadauamnYaR T lilinsUudewresdenawiluldiu

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

dulsznaunaans
Calf Brain Infusion 7.7 N3y
Beef Heart Infusion 9.8 Nu
Protrose Peptone 10.0 Ny
Dextrose 2.0 n3u
Sodium Chloride 5.0 A3u
Disodium Phosphate 2.5 N3y

I5mTeu (F93U Brain Heart Infusion Broth (BHI Broth) commercial product)

1. Frownsamanndranszdeddlunianindsy  whnduadunmiumsiigeanis
W3y USuilesuseunn 7.4 + 0.2 =

2. s Autoclave 7 121°C fiemusfu 15 Yousrensneda umu 15 undl

3, selfomsifuaaudafiuididu

“* prsvegouRinMYeIe N TITlilinsUuleuvsaiiensutiluldeu

4. Blood agar (BA; KEMMAR)

daudsznaunadans
Heart Infusion 10 n3u
Meat Peptone 10 3w
Sodium chloride 5 N3y

Agar 15 nfu
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3838 (793U Blood agar base commercial product)
1. F949M5MUAAINT1NTEUDY RLLINAUaIlUMLUSLINSNRBINTSSeY nTUUSY

AosUssuny 7.3 + 0.2

2. Y Autoclave #i 118-121°C fimudiu 15 Yeussions1eiin Wi 15 wid
3. ntuselnuiiuszana 45-50°C iy Sterile expired human blood Tudasidau 5

s 2 ¢ = o ' v & o a
WesltunvesuSunsamsiwasignuisg lmtuiiomediu
a. e MsRsaeRius e seliemisuladiuduiungidu

* msnedeuRunvesemIlilinsuuleuveatenoutlyldenu

5. Sabouraud’s dextrose Broth (SDB Broth; Difco)

daulsznaudadng
Dextrose 20 3y
Casein 5 n3u
Animal tissue 15 n3u

=

251383 (dm3U Sabouraud’s dextrose Broth (SDB Broth) commercial product)

1. Fiownsmumandransededldlumanindess wuihnduaslunuusunnsiidesnis
W3By USuilorUseuna 5.6 + 0.2

2. Y Autoclave i 121°C fimusiu 15 Yeusinemsnsii vy 15 uiil

3, selviorafuaudiiuiigifu

* prsnedauRunMYaIn TIliimsUulsuvesteneuiluldan

6. Phosphate buffer saline (PBS); a4 7.0

daulsznau

Sodium chloride 6 niu
Ortho-phosphoacetic acid 5 liagans
ELTGREY

Y95 AIMUUS LR ST AUANLINAULYIASU 750 fiadans USufiiawsie NaOH %58

—_

HCL Tiile 7.0 antiusign Autoclave 91 121°C fiennudu 15 Yaunnanis19dil uiu
15 u¥

v o v o o a v
2. 'iaalﬁLEJULLa'JLﬂUWQCUVmNW@Q

Y
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Uszingidey

wEANMAfiaeT laumd

5510820024
Fasaiu Yidnansine
UNINYIFUAWATUASUNS 2552

numsAne Aldsulusznitenisdnen)

nutufndnwneldlasinsumine deidewisnd UssdrUniseinw 2556

Foyoyuau?l DEN 5405475 191089MUNIIVeNdauaIuasuns 39u7u 164,000 uw

NugAUNITIIEIeIng1lnusUsedUnsAinen 2556 1 iveeuUgin

AN UPNINYIFVAIVAIUASTUNS 971U 6,000 UM
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