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ﬁaqﬁuwudwﬁuuﬂﬁwnws?ﬁyam fluconazole w89 C. albicans ¥nA% nsaNENGIETialn
ém%‘uﬁ,’]m‘lﬁ’l,umﬁﬂmmia@L%ﬂi’]ﬁaﬂmﬂ@slmwwzmnmguvl,wﬁaLﬂuﬁmaﬂﬁ]ﬁa Gonin
nwised ﬁaﬁi'mqﬂszm&ﬁ'aﬁﬂmqwﬁaa cinnamaldehyde 91NauLTEAINTIATLUATATE
mmgmmlumsﬁa‘[iﬂmaa C. albicans NMIANWINLIN cinnamaldehyde Jf1 minimum
inhibitory concentration (MIC) @& C. albicans \vinNu 125 ug/ml Iﬂﬂﬁmiaaﬂﬂﬂfﬁiﬂmmu
fungicidal activity LLazﬁl sub-inhibitory concentration cinnamaldehyde mmmgugamia%ﬁd"ria
J8n proteinase WAL phospholipase activity S’J&lﬁv'd mMsiMzfaLraatad C. albicans I@Uﬁtm%;
WUIHWANNANULTUTY (dose-dependent manner) msanwdiuaeswifinin cinnamaldehyde
ﬁnﬂawﬁﬂﬁqﬁﬁgﬁuET’dﬂ’mﬁﬁrgLLazﬂﬁmmmguLLsﬂuﬁaiiﬂﬁé’]ﬁmﬂaa C. albicans lunaaa
naaadle
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Abstract

Project Code: 5280131

Project Title: The inhibitory effect of active ingredient derived from Thai medicinal plant
against pathogenic C. albicans

Investigator: Anek Pootong, Department of Medical Technology, Faculty of Allied Health
Sciences, Thamasat University.

E-mail: tae0047@gmail.com

Project Period: 16/03/2009-15/03/2011

Candidiasis caused by Candida albicans is one of the common infectious diseases
found in immunocompromised patients. Azole group is a common drug used for treatment,
leading to develop drug resistance. Thus, new-developing drugs, including those from natural
products such as medicinal plant are necessary. In this study, we evaluated the inhibitory
effects of cinnamaldehyde on pathogenic C. albicans. The results revealed that the
cinnamaldehyde possessed antifungal activities against C. albicans. The minimum inhibitory
concentration (MIC) of cinnamaldehyde was 125 ug/ml with fungicidal activity. At sub-
inhibitory concentration, cinnamaldehyde reduced germ tube formation, proteinase and
phospholipase activities and cell adhesion of C. albicans with dose dependent manner. This
study showed that cinnamaldehyde has a potent in vitro activity against C. albicans and can
inhibit the activities of virulence factors.

Keyword: Candida albicans, Medicinal plant, Cinnamaldehyde, Virulence factor, Inhibitory

effect
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Gl'li’ldﬁ 1 Minimum inhibitory concentration (MIC) LLa¢ Minimum fungicidal 19
concentration (MFC) Tﬂdﬁ’]iﬁﬁﬂﬁﬂﬂﬂﬁ]’mﬂiz“ﬁ’]ULLE\]&%’HT%%QN?ZL%U
INNULDTY

Gl']i']\‘i“?; 2 aaﬁﬂszﬂaumaamfwﬁummzmsmﬂauLmﬁ"?Lﬂi’lzﬁﬁw'ﬁ% GC/MS 20

@151971 3 NMINaFEUMIFIYasanwas C. albicans (n=22) Tugneid 22
Cinnamaldehyde ﬁm’]m“ﬁu“ﬂu@’hd*‘] #2833 Crystal violet based
method (Abe et. al., 1994)

@159 4 Phospholipase activity (Pz) 189 C. albicans Mw1zuw EYA-T 3] 24
Cinnamaldehyde finnui T g uens 9

(mi'ld‘?; 5 Proteinase activity 1843 C. albicans ﬁL‘W’]zuu BSA-T “ﬁ 25
Cinnamaldehyde finu T g ueNg 9

(51'1‘5']\‘3“7; 6 mnmzawﬁaﬁﬁaqmaa Candida albicans ‘ﬁlf}i’]%ﬂ’]iﬂwl%ﬁﬂ’]’]z‘ﬁl 26

Cinnamaldehyde NA LGN D614 ¢
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3U# 1 M3193nuas C. albicans ATCC 10231 Tu SDB-T #ifl Cinnamaldehyde i
ANMULTUTUAN 9

gﬂ‘?; 2 Germ tube formation of C. albicans in the presence of 0 (a), 31.25 (b) and
62.5 mg/ml Cinnamaldehyde (c)

31]‘7; 3 Phospholipase activity of C. albicans in the presence of 0 ug/ml (a), 31.25

pg/ml (b) and 62.5 ug/ml | (c) cinnamaldehyde

gfd‘?; 4 Proteinase activity of C. albicans in the presence of 0 pyg/ml (a), 31.25
pg/ml (b) and 62.5 ug/ml | (c) cinnamaldehyde

gﬂﬁ 5 mitmxamsﬁaﬁﬁlaqmm Candida albicans ATCC 10231 firwnisuialu
g2t Cinnamaldehyde fieaidadu WAy 0 (a). uaz 31.25 mg/ml (b)

31l 6 SDS-PAGE gel w83lUs@uflariauanan C. abicans ATCC 10231 fitiul3lu
Aaxfifl Cinnamaldehyde finnuidududngg Gadandrud Coomassie
Brilliant Blue R250

gﬂﬁ 7 Western blot analysis yoslUsaufianaugnainioas C. albicans ATCC

{ d . d v v 2 a
10231 Nuwlilun11znd  Cinnamaldehyde NANNITNTUA1I 9 TIAATIER

@728 polyclonal anti-C. albicans antiserum
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Candida albicans \Hudganwuidwsalszdn0iu (Normal  flora) @ NEIBE19 g Vo
‘iwmymﬁ,wﬁ gNTane WtianaaLTala 1w MdarauSnabailanlutestnuazine
(Oropharyngeal candidiasis) T84A88@ (Vaginal candidiasis) Waz®aaaa1%1y (Esophageal
candidiasis) ludthsniinzpliduiuunnias uanand SImu1I0UNINITZNFITUY

a A 1 v A a dw a R . v 1 o 1 Y Aa
wywAswdsanalWiianmifarelunszualafia (Candidiamia) wazidhgeiniznalu alife

. . . . é a U U
Systemic candidiasis TadusinguasnmaieTialugield

') L. & @ a & Aa A A = @ a
luilaq1iu Amphotericin B 1flusninmlsadaizanfifidszdintnaw udlinadnaifos
(side effect) dialauazszuuiaan lagararinliiianeiiladuindsnis Laziinansuneens
v R A 1 [ 32 ¥ o 0/ aid
039l Faftounlungdu Azole lasiawz Fluconazole lumsinmn uddiodasinavasuniil
) o @ en & & ) . =< a X o & =2 o o
ati9na gUaNMInin1IAaLNe4 C. albicans 6a Azole JIFINNDIUL A% MIANBIAUATDN
v . a u:l'd a a o %3 & Ut A o >3
§1361% C. albicans Thalninddsz&ninmwuazanansnih ldwawiiuenlddslianudan

o & = AR Ao ¢ A = £ @ £

ditu MR Rl TaguszaadiNadnwonivesmranaayulnsuazonives

ssdAyvasayulng inadaniaaiguazdeadunisialinuas C. albicans
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1 Candida albicans

Candida albicans \{wi@a51 (fungi) Ussinniad (veast) woiluidalszdrauluszuy
mMadnemIzasaulnfasuddn NAOABIAITIBINE LF AT wananigonulutesnsana
sasleandy edolsfiau wuinde C. albicans swnsanalsald C. albicans Jnagluaed
Cryptococcaeae laufadiana Candida a:l3Usninaunied iwaadamwiadszanm 23 x 1-4
Tulasiuas v mIndemsuannie (budding) qmvm“ﬁﬁmmz@ianm,ﬁm‘hummaaﬁa fa
7 37 asmuwadus L%aﬁgaﬁﬁlzaQLLUUI@@L@W;U’J%%QLTJ%&’]ULLﬂ:ﬁ’]&J’]iﬂa%ﬂﬁﬁg\‘imﬂi’mﬁ
(hypae) TOE aIIRRINIHEY (pseudohypae) %dﬂ’]dﬂ%\‘ia’mﬁﬁﬂ’j’l yeast-like fungi L‘%‘pa Candida
albicans sansauiuunldiluwnsnesswustan (subtype) Anuldtasfemenniton 153
157 Wy 357

1.1 n13nalsAvay Candida albicans
i | \ | \ A A | £ o
C. albicans &1313ARBlIAMNEINAS ) V8I519Me Llaslansnuandrsean lUauny
mMIfaTanuianuaInlavadsiane MsdaauSabaienlutestnuazdna
(Oropharyngeal infection) Lilu candidiasis iwuldtas amilasmliazianldaunsluztes
ihnuazdmasan mMysussudantduazUsingiiiorn gwsainiadsan (pseudomembranous)
IMEAALTIMARLAENTEWILANITINT T4 (thrush) RINNTNABNBEN aLda1vzvin lFIRenaan
wannfuiianationniveinmianiauiusasuad g (erythrematous form) Tugihoumeans
Usngresuanuinouiinuaziinaniauiiaed e (angular cheiliis) U19AY9LT8 C. albicans
azgnauand ldfialiaTulda (mucous membrane) ¥inlsiAuLdutludu1i g (leukoplakia-
. o ' v ~ A . . 8 o g
like) Talaianansnaanaanld Sngduuunisrassenlinfaiduuna (ulcerative lesion) Fesiniilu
WUUL3839 Oropharyngeal candidiasis ﬁWUVL@TﬂaU’Lu;jﬂama@éﬁﬁﬁﬁmu CD4+ T lymphocytes
o ' . a ¥ o o ' ° (% & { %
@1nI1 100 (Klein et al., 1984) LaZAINIAALTOANHHLAINA1IZVININITINE NI UL BN TZA
CD4+ T lymphocytes #agini1 10
a éi’ . dl a 1 1 v a . P . d‘ = a dly
MIAALTa C. albicans NUSIMTIAREA Na bALAG Vaginal candidiasis tJdIN1IAALTD
A A ' £ A a A X v AuR v o A
azdngensnBend aniu laslinduuazilianseanann gihodndiinTauuazdun
prpzine  daaniztes Hallinasunusazidvannuasiduiidsrusnidnesnisiissuy
niigununanag slumjwa\‘i;jﬁaUﬁﬁmazgﬁﬁuﬁumwiamﬁmmi@iauﬁwﬁ;ul,ml,mzwu
laasiaua (Rhoads et al., 1987) wdlunguanun@ azwuiduaisni (sporadic) WALEINNT bal

Juwsaipsudrnal#iionnuiiany wenaniidiwudn vaginal candidiasis dnaziianuanly
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C. albicans & NIV IAAANIIRATaUTII AN 19Ty InuT Talduy wiaanw

Q ' r—Y Qs A { 1 > Q v 1 { ¥

IRUWUHUBIRINUY T99:15 N T08AULAIBENITALIU DvasllanBaaduTaurNIaniiiTa
iﬁqﬂa’mvﬁ’]"lﬂwauﬁ'mﬁaLﬁanﬁmﬂupjmmﬁ:flms@@L%au%nmmmﬁuﬁna:ﬁmsqﬂmﬂﬂﬁa
Aantksvesnidmme %ANINN® ATNUNIAALTE Candida NUSNIUTONLAL I@m%mﬂuﬁjﬁﬁaa
RUAETNL 13297 1wl ana99nn MU mesnantuntuaaaaiian

M3AaLTa C. albicans NMaaAB1MT (esophageal candidiasis) (HwA12zATHUTING
LLazﬁﬂwuVLé’luQﬂaﬂgﬁﬁuﬁuuﬂwiaa I@mjﬂmaxjﬁm%umﬂ msnana1nstunludruainy
° = o = v A A A a & 3 L A
00 unihanuazaduld tiatlanan (pseudomembrane) Nin@aNLwa C. albicans Y T
maa:ﬁﬂﬁﬁmsq@é’mmmaLauma@mmﬂﬁ \Ta C. albicans HIRINITOUNINIZANY 89b
=3 o U d' [l a 1 v Aa J c.l' a
AINTLNIZAIAITUAZE LR TINU L baltastin launal@iiaunalni mucous membrane N13A®
d?’ a aql/ aAa o e . & o Yo v o =2 o Y Y e [
WBauTmiin13faae esophageal candidiasis Wib¥in laAaut981LN mmslmdﬂwuﬂvl,uﬂaﬂ

U = =1 tﬂ‘y o Y Y e v v A | L & ‘il o v
"Lmumﬁm:nLLazmSﬂaumﬂumlmmmuﬂ‘szmummﬂmaﬂ Faluilaaanianyinle
gﬂuﬂﬁﬁﬁﬂﬁfﬂﬁ’sa@m (Wilcox and Karowe, 1994; Lopez et al., 1992)

§7% Systemic candidiasis (Jun13@aLBa C. albicans VaI8382z 8 lUVBITIINY 1T

~ o o o A o =< o o A o A
Avuudszan wala duuastade lasdarinunnadwizniulnldsainisfanissula C.
albicans NnIzuglanalasatiniumadudasin liazae %aﬁ'ﬂwulugﬂmﬁﬁﬂizﬁmsﬁ@
PURNAAURZHIBNINNNIUNINIZANY (disseminate) ﬁnmaUISﬂﬁﬁagiﬁauuﬁm%ammﬂqﬂmzﬁ

' \ A a ¢ . =2 o v a )
80ald L% Foley catheter winiBabadanunsaunsnzaneluiale wazvinldiianzlasniay
agdlsfeny WidTa C. albicans ATUWINIZTINLNIINANILG  MIAaLTavasatIzneln

é’aﬂdnﬁuLﬂumiqﬂmmia%ﬁmaog@m%al@ﬂma

1.2 Virulence factors of C. albicans

& a | A a @ | A v a . .

Fagadwralsann grfiavziniswaminalndns g ialdlunisasisfian (colonization)
minal#iiensfiaiza (infection) Taunuialiluniswaundnszuupiiduiuveslaand dwiy

' & i & o Aa ' )
minalinvauda C. albicans wu Tadsndnadegluuumiuaataanvasfadoninugwuisas
Jj 1 =) a ¥ o 1 { 1 aAaAa a Q
Inagnusiiaveinifade duniefinalsan uszljismnaeusuainisssimazasidlaariies
U = =) ‘é v Qs U Q 1 Q { 5
laglunsnalsazfialazfiantts aradasanduldnans g Jaduanusuusssinnu luvuznddy
A a A & 1o o [ .y . g

anuuirialaziantsnlddndudmivnnglszinnvaslsa Candidiasis laviadnay
yuusslumirialsavaaise C. albicans N&ATY Aa 1) cell adhesion 2) morphogenesis Az 3)
extracellular hydrolytic enzyme production

-Cell adhesion



g ., o & fr a ] e
nstncUadkna C. albicans ﬂ‘]JL‘ITﬂﬂ“IJE](iIE’I&Y]u‘]JLﬂ%’i}m‘m*’ﬂadﬂﬂiﬂai‘iﬂ candidiasis
wazubiJuilaganienaanlunsnalsavaaia C. albicans (Calderone and Braun, 1991) 911
ﬂ’]‘iﬁﬂi&’]WU’j"lL%aﬁaIiﬂ C. albicans ﬁLW']ZLLEJﬂVL@?'%"IﬂEEﬂ'JU ﬁlzmmimmzﬁmmaﬁ@aﬂﬁ
a & . o a & 4w, s o ¢ A &
andLa C. albicans ‘YlLW’WzLLUﬂﬁ]’mﬂu@]@L%QﬂvL&lLLﬁ(ﬂda’m’]‘i m‘nm:@@mmsﬁaamaqmaama
C. albicans HWLAAINNNIILNHOEIIUNIZVBY candidal adhesin (agglutinin-like sequence;
ALS, hypha-specific cell wall protein; Hwp1p, integrin; INT1 Was O-1,2-mannosyltransferase
gene; MNT1)ﬁ"L| extracellular matrix proteins (ECM) YILTARLIRY LT fibronectin (FN),
laminin, fibrinogen LAz collagen type I, IV 8L T fungal cell surface hydrophobicity, the
phenotype of C. albicans, pH, temperature, pregnancy, diabetes LLaz oral contraceptive usage
SnANafanIItMe@avadlTe C. albicans NI&W

- Morphogenesis

. d . < =

Morphogenesis %myﬁamﬂﬂﬁwgﬂmwnaﬁ ﬁnﬂgﬂﬁmvl,ﬂﬁﬂgﬂ%m (yeast cell <>
. 4 & i o o A Aa e o \ e & A
filamentous shape) @i\¥a C. albicans Jaduionnlguantading1n lasimaddadazidfon

& g; v A =} g; J s a 1 a &
gﬂvl,i.ll,ﬂummmﬁmeammwmwuumuagnuﬂmwmﬂ 9U3eN13 139 gMNDE AN
nIadg anuanyInivaIunaIans iudu (e C. albicans sunsawadyld nslugdvesimad

o & o ed s A& A za & A o a
WRZENETIY JINNIANBUSLTARNINNG TINAa LTAaI1LNeN (psuedohyphea) Lazd9INWLaN
Isasnnsaasuliiiu Chlamydospore ladnaa8 anwme Morphogenesis VadtTadh wuin
o A 4 . : 3 . .

WWudniladonienlnadeanusinnsalunisnalsavedia C.  albicans  (Whiteway and
Bachewich, 2007) laui%ia C. albicans flaglugtuasmonuiazianumansnlumzisadite
yuazrialsalddnit (Lo et al, 1997) udluvnzizadiadaznudenisgninanslasszuy
piiduniuuaziiununnaagivhlfizeliminsznoinnnaeaiieadhgaioznmolule

-Extracellular hydrolytic enzyme production

Secreted aspartyl proteinase (SAP)

Secreted aspartyl proteinases %38 SAP iu extracellular proteinases §1IDLLIBAN
ldidu 10 vilafia SAP 1 fia SAP 10 gnAILAuMIUAAdaanlay muli sap gene family
(Monod et al., 1994) SAPs \uldsdunfiamailszanm 35 §19 50 kDa lagwuin Sap1 to Sap6
sunsarinulalugnmzanudunsadrsnwanzanlugig 2.0 - 7.0 @8 Sap1 99 Sap3

d 1 o { 1 I 1 { 1 ‘é ]
ANz pH values W& Sap4 519 Sap6 mmﬂﬁ'tuamazﬁﬁmmmLﬂuﬂ@maﬁgﬁmﬁ TIUL

[ 0/ A A o 3 . [ ) ' ¥ A A [}
Hutladunianyinld C. albicans sunTadssdnuaznalimianeanwlunaiaszuy 1ou
d‘f d‘ A a o s U dyv 1 s > a
datballan Ans wazluadprzneluld wananfidsnuin SAPs anusaaanuszlysdin

(peptide bonds) Tuduniafinanenani (Fusek et al., 1994)
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SAP sunsatasldsduvaslaarilananasiananainaziin il mduunad lulasianue
% 1 o v d‘y a 6 d‘y d' U J [
fanudvildiamunininziamaduazananaiiiaiiazaslaari ladinodu 1o SAP2 818130
deaulUs@udadu (mucin) fleguudibiaillan  (Colina et al, 1996) Uz secretory
immunoglobulin A (IgA) (Ruchel, 1986) extracellular matrix 1% keratin, collagen L&s
vimentin 77 Ulﬁl,%ammmqﬂmml,azLst'm:m51L“iTﬁ;jm:LLmﬁa@VL@i” SAP §9R1UNINEANY
salivary lactoferrin, lactoperoxidase, LB gl cathepsin D Anvluidofonann wazlusdu
complement (NanaunitszuunIainuailasadlaayt (Kaminishi et al, 1995) TIUNI a2-
. . A« o & o . o ¥
macroglobulin L&z cystatin A FaulUsAuNTUEINNTHNUVDI proteinase BNAIEL NN
ot v v 6 A s £ v Qs
SAP2 fimunsanizduliinimevaslaariiianisdniay lasnanszduliisasdivesluiana
& o . . v & . . £ (% °
AIA BV interleukin-13 Tl interleukin-1 41NV LRERIUNINNITQUNITNININD DY
Hageman factor Faduduloduiia serine proteinase ﬁ’llﬁﬁﬂ‘i:ﬁﬂﬂiau bradykinin Tuszuy
J 1 vV a g TE J
inflammatory kinin system ST fonalAiansanisuuasdl vascular permeability SITUANAN
(Kaminishi et al., 1990) wananiwuInlusdu SAPs diuaasunuinaiaiaunuladsainu
E%LLN%W’] L1 adhesion LA morphogenesis W ud
Phospholipase (PL)
Waalwlalla (Phospholipase) daiilunguuasiaulminaansnaany (hydrolyze) Wusz
waiaailuluanandimalsweslwlalla (glycerophospholipid) L@wlesd Phospholipase 1anIn
. Y & ' \ A | @ &
LLmvl,@aamﬂuﬂqm Wi A, B, C, &z D TILUIANANAMURINITD MANTRAN N UTELORLADS
AFIWAUITNNENAIINW INMITNUNIUITIWNTTN WU LEulws]  Phospholipase ignalas
\Ta C. albicans N&AwAa candidal phospholipase B (caPLB) (Leidich et al., 1998) &9&111TD
RAUNUTLLAFLADS bANILUY lysophospholipase (Lyso-PL) R lysophospholipase-
transacylase (LPTP) (Takahashi et al., 1991)
=2 \ & B & A kg '
nnmdnsanususlunsaliavadita C. abicans lwsasidaginziiuswydn
T8 C. albicans Nin13ai191@ulasd Phospholipase Tud3anageaziianusaninluniainiza
LALYNANLTas lauINNIN  (Barrett-Bee et al, 1985)  WATWUIN HLRHLTEAINAND
A ° & A I ¢ g X AN a o
(supernatant)  HauaunInlunsiasiwadilay ldandiiasasaaniged lifiaine
= & & = a P & & . o X Ay a o
Bl PLB wananinmsdnwLIsuiisunnIgnaead (cell penetration) Augaf hidase
= & o ' ) & A A o ° & = SV A .
B liainan wudn e C. albicans N&319 PLB mmsnmmm‘*ﬁaauazumiqﬂmvl@@ﬂm
DENITALA I(ﬂﬂmiﬁflmﬂwﬁfdmaﬁiﬁaqLﬂuwalﬁmaﬁlﬁ%'um']mﬁﬂmm (Leidich et al., 1998)
mnfa;&aﬁnﬁuuam&lﬁﬁudw caPLB fsudisldizasiunsainie qnéhua:v‘hmmsmﬁmm
& L = a & A A . . . X
laay waatdbsnfaznuITeafwnzuenaniden (hematologenous dlssem|nat|on)°lla\1r3dﬂ’ssl
8319 caPLB léu1nnin (Ibrahim et al., 1995) Wi was i adLazILivadisa C. albicans a2

R1UIINRIN caPLB LanaNy LALTaa LI Ta9 /R IN1IORI caPLB laluiSunmnuinnin
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A % [ % ] { ' v 'S . 1
mazawwufﬂumwu‘gmmlumsnaIiﬂ ANUINTASRNIINUDITD C. albicans RINIIOND
(% 1 6 6
Im"lm;mmm%mamm
g =) Qs { a J =)
wanani WaaAmyiniiaduannisaatslutanandisalinealulala
(glycerophospholipid) 484 caPLB LT lipid W& mimgﬁuf lipid mmsnm:ﬁumiﬁwmmaa
protein kinase C S4&INALUNIINITFUVLIUNT cell signaling uaziinasa physiology UaILTas
laan (Oishi et al., 1988) #ONINNHIINUIN candidal phospholipase mmmm:é:]’umnumi
anLau laaneae

1.3 "33nw11sa candidiasis

#8997 candidiasis 1Usnga1mslddaudrantg LazIzAUANNTRLIIUANAIAR Y
ﬁafunws%nmwﬁaﬁLmeau"a"Lﬂ 2 3uluuy Ae MINEUUULANIET (local) waz MITNEATA
FPUUMI9MY (systemic)

mMsnsnuuenzi Wumadenusnfildniy candidiasis US1ome Tesnnan R

° A9 oa & ') = = a @ £A9 o
Fa311nuardne I@ym‘nlmmlugﬂ gn1uUN B Llaey sRRLLAZATN AI818ang NN kD
Feonunanosia Lo nystatin, clotrimazole, econazole, ketoconazole L8z amphotericin B &1
Waanlddnsvanldazarslulnadgnethg 35  assdedin  snaudlaiwlsznauvad

. o o o & % { { [
clotrimazole a193:¥n 1Az aULAY L1 SGOP Folulszanm 15 % a1n1¥NLAesaunananwy e
\ ~ A ' A o ' a A A o o oda a
W n13szanetfadlutastin afwla mumumammmww:wmm:mmug‘nmaﬂiﬂ‘n
Ak aansaldmuTnnyutin Bty iwaulugesihn (palate) lasanaannisthaided
wularaInien 1o ;jﬂmfﬁﬂ%au JraoLaad LuRRLazRInIaan tHuaw AINUSTRAL
fu1/32na1 Va9 corticosterol IINAILLNANANITANLAY 1292V 1A N AINITALALHIRTEI LI
IV
NMIINBILULNITZUUNIT ﬁ]ﬂ*’fﬁ'ﬂﬁﬂm candidiasis USIIWARAADIRIT  WaLh
uwsnyzaneldaweipiznioludne g wialunsdinnmsliensnenuuuiawiziuai laildna enn
Y] ~ o @ Aa \ o LA o &
156 ketoconazole, fluconazole G4lHHANIINHINGNTN LL@luﬂﬁ]ﬁ;uuwmﬁ Juwrlitumsda

&
81 fluconazole g4 (Baily et al., 1994)

2 aagulwsﬁ'ums%’nm‘[sﬂ candidiasis
R A A9 e, = ~ o o A a ' 2 A
auqu"l,ws wuene NonlevinduiaTasanlunissnsianniTanialn@uasinenie aei
mﬂfﬁ'uméfaLL@iaﬁmmawﬁagﬁu %ﬁ@ﬂsza‘iﬁmaaﬂuvlmﬂﬁugﬂﬁuﬁuagﬂwsagLawaLWﬁ:
uaﬂmmﬂ%mg‘uvlwnﬂumLLéﬁ a&;uvl,w*mmwﬁ@ﬂ'ﬂ‘*ﬁ"lﬂummiﬂizﬁ‘iﬁ'uﬁwL°1j"u, 39 17
=1 v ] £% 1 = lﬂl o U o v
nszied azlay naziws 1wdw mumaawmmgﬂwswmm‘lm (310 816% U Aan LaTHR)
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= va A @ A ' o o A oA
awazuqmauummaaﬁwqmlumﬁﬂmwLmﬂmaﬂu"lﬂ LL&Zﬂ’]il“HW%ﬁZ:‘IRVLW‘EWU’J’IZJ
NATNLALIWIBANAIRBENIN 1IN WRNIIN LFANTITNTG
P wa 6 & a =3 . A a & ad A a &
\Wasang i@ niuedadsinwainds C. albicans AianIeaenUTausniiugslin
g; L% { |‘§ v a o U
(Boken et al.,1993) Anniyan3Tnadesn lidsdszasdannmsldend §Tue J9vhldinsdnen

v v A

1 QI J 1 =Y = g; g
duaironziialnd gunisaywlnndugaduuaznuiayulnimaoriaiinalundudusess
a v & v o Aa Lo & X v « A A
Fwld Saludmmalneldimahsyulnsnfignidussgenulfidusimiaisuenniaaiy
fmiuukalutasninalsinenlsafiiinani®a C. albicans UUED (TN ASTUTITINA

Q 1 { Q t:s( { 1 Q 1
uwazamz, 2006) uddilddnsdnwuisiiugnizassyulniniuadentsuanteanvasidedorie
¥ o & a o { { v £ { o &
13az83iTa C. albicans udatnila dsiuwnwissidnsunsinugnivasayulwanlunaduds
fhdvnialsnvasida Candida Ysneldifadszlomiinelfidudayasivayumsldayulnslunis

[ I v ¥ v { t=6‘ J
3nwl3a candidiasis LLa:LﬁJmagaLﬁammﬁalﬁumiﬁﬂmmiaanqmmna&gu"l,wma"l,ﬂ
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ASANHNITIVY

aaynlng
A = K = = Lo & a .

mg‘u"l,wa'wlﬂumsﬂﬂmumﬁ BuMIANH Iz agnTEy f9lwn3193as C. albicans
U32NauaI8 NITLIBUULAY NT=TY TeloN VUBTULAZOULTY (Banerjee et al., 1978; Quale et
al, 1996; Yaya et al., 2008; Phongpaichit et al., 2005) lasyinnisia3suaatsayulnay
NIANENAWAYNT 1aLaToNFITENARLILNIZLILULAI NITIULATZLaN N laaiiNg
mlquvl,wsﬁmumimml,ﬁa VA alnTd ntuwAdl 95% ethanol  USunasiiun 2 vinwas
imsinayulng (mgmi) uaziivlumadnddhlasdin vnlingunnd 25°C iunan 7 u
NuunTasnInaanlaylinIza1wnIas Whatman No. 3 wa1 dsnsazansadnadllnisaule
v A a [o] I=3 > [ ] =1 A P a (o] 1 ° U
wiangamnnil 42°C mumifsmwmumnm’;"l’i’l,ummmﬂ@'ﬂqmﬁgw -20°C auninaziinu bt
LATHNNNTLIBIIENTRNAREILAINENIA28 Dimethylesulfoxide (DMSO) s ldanuidutun
da9n13 §wiu aluuszeuizs ldmianaluglvesihdunanszive (U3 nseddilad $1ra

Uszinelng)

C. albicans

C. albicans AlFlumsanwndudefiwizugnldandlesnsidan (Blood  culture/
Hemoculture) 3114 20 mﬂﬁuf WaziBa C. albicans ATCC 10231 Was 90028 1IN 1UIH
Y% 22 G889 ﬁwmiﬁgﬁlﬁumf’ﬁﬁ@ﬂ@ﬂ“ﬁ NMINARDUNITRINIYIBIAN (Germ tube test) N7
nazavFlaladives Candida uumm‘n'gmﬁa Chomogenic Candida Agar MINARBUNNT LT
sylsznavaivanlusniisnoandian (Carbon assimilation test) WAXNIINUUNTHA

Candida #18ina%ka PCR-RFLP @835289 Mirhendi Lasatue (2006) WASIWIZLREILTOLW

Sabouraud dextrose agar (Oxiods, USA) (LLﬁQﬂ&lﬁﬂqm%Qﬁ 37°C Iwaan 48 T2lws faw

ilunasey uaziwzidodliiduinan 1 enfiad lag sub-culture N9 3 T

mswmaaumsé’fué‘famsm%tywm C. albicans a18135 Agar disc diffusion

n32318 C. albicans ?‘iﬁmm@um']ﬁu McFarland No. 0.5 (1x10° cfu/ml) Ua #1369
SDA ﬁwvl,ﬁﬁuﬁﬁaﬂﬁﬁmm%a ﬁnﬂﬁ?mwl,l,ﬁiu Sterilized paper disc 14#1® 6 mm ﬁﬁmmﬁ@
auqu"l,wmam’m%’]ﬁty (active ingredients) Y3814 5 mg LLazﬂwﬁqm%Qﬁ 37°C 1{luaan 48

< ' [ [% ' g { & &
°H']I§J\‘i BW%NGI@UQ@L&%NWﬂugﬂﬂ’]\ﬂlﬂd Inhibition zone e
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1
~

[ ] v v

NINATDUAIBNTNIWN AN FANFINITATUEINITITYVaIZa C.  albicans

[ ] ] v
(Minimal inhibition concentration; MIC) Waz@NLTNIRNGINFANFIN1INNTD C.

albicans (Minimal fungicidal concentration; MFC) maamsaﬁmaag'uvlwsuaxmséﬂﬁzy
WeasasanaayulnIuazandayluemiaiuagainad Saboraud dextrose broth i
§ 0.02% Tween-20 (SDB-T) A lannadatndns g ¢283% serial two-fold dilution BRINNLA

& . d v v | 3 a L] { A
T8 C. albicans Nflanuidudwyiniy 5 x 10° CFU/mI Y3ana3 0.5 ml udrungmnnd 37°C
\uaan 48 Talus lavi cell control Waz media control aaug alfiUSoufibuaNTULAZ
AILQUMIUNANTE (sterility) ANAGL EUHAAT MIC BaIsnIanaayulnIuazaIiamy

Aa v o Ao A A = & Ao \ A |
(mg/ml) nnasafidanuduiuidingafiomsdenzendiadlaey uazivamedn MFC 184
@ o o o A g & o | : A

ssanasywlnILazaIia inasanasasnenmdsaedslaeguniuanaznaudl 2,000 x
g 10 W (Hettich zentrigugen, ROTOFIX 32, Germany) WNEIWIENILAZNIZINLASNOULH
SDA @14 sterile spreader LiatTafigannil 37°C (uiaan 48 Talus druen MFC ldannnasa
neasaunfianuduiundngavasassnaayulnuazasddynldnumaaigrenss ¥

NINAROULUUAIVG (duplicate) lundazainazyinnsnagaudi 3 a3

nsdnasdlsznaunsialzasinaunaN e Gas chromatography-
mass spectrometry (GC-MS)

‘ﬁ’mﬂﬁLmﬁzﬁa\‘lﬁﬂizﬂaumaoﬁﬂﬁu%amzmﬂﬂﬂ"ﬁ Gas chromatography mass
spectrometer (GC/MS) ﬁﬁﬂaﬁwﬁmﬁ@ capillary HP5MS (length 30 m x [.D. 0.25 mm x film
thickness 0.25 pm) ﬁ’lmsﬁmiﬁméamuu direct injection U311613 0.4 pl LUY split mode
(split ratio, 100:1 v/v) amnAil injection LYY 250 °C legaouduainn was ionization
voltage 70 eV 1% mass range ﬁ':dLL@i 50-500 m/z qnm{}ﬁ detector 250 °C wisHalag LABUAD
library w8y Wiley 275 ﬁﬁ quality match INNinasas 85

n1Inadgau Antifungal killing time

ANnnNInasau Antifungal killing time ANATVDI Canton LATATHE (2004) lagiwe C.
albicans ATCC 10231 fianududuwiiiy 5 x10° cfuml luawsidsadaias SDB-T A
Cinnamaldehyde AinuiduTuasnd 0 f9 250 pg/ml ﬂu"l:?ﬁqmun“ﬁ 37°C 9Nt ANDINT3
BoeL3uNas 10 ul A5alus 0, 1, 2, 4, 6, 12, 24 uaz 48 UAINTZNBUUOIMNILTY SDA
ﬁw"l,ﬂﬂuﬁqmﬁgﬁ 37°C ilwiaan 48 alag 1Us 1% Colony ALAATuuazsindnldnwa v
AT usagaluniy cfumi I@ﬂﬁ’lﬂ’]i“ﬂ(ﬂaa‘ULLUUﬂ’]Uﬂ' (duplicate) Tuudazasouasyin
MINARBLEN 2 A5s
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nINAdaUANS 289 Cinnamaldehyde Aan 1383 19Masanuas C. albicans

Wi C. albicans fenugutwvinty 5 x10° cfum aoluﬁqmaa 96-flat-
microtiter plate ﬁﬁ Fetal bovine serum (Gibco BRL, USA) L8z Cinnamaldehyde ﬁmmvﬁwﬁu
§AYNBLYINAL 0 (control), 0.25 uaz 0.5xMIC %é’amnﬂm%&ﬁqmﬂnﬁ 37°C wom 2 7alug
wir lifeude Crystal violet mu3s Abe (Abe ef. al., 1994) lagfinpaziBoadadt wasan
mmia:mﬂﬁaLLazﬁwmumaauﬁaU 70% ethanol 1U581@3 100 ul udr ansLTasdaen
§39viadanaanes 0.25% Sodium dodecyl sulfate (SDS; Ajax Finechem, Australia) 133103
200 pl $1Wa 1 A39 uazdetinawlui I 3 A% doumadnaevasenfitmeiaun
WANNAFBUGL 0.01% Crystal violet (Sigma, USA) 1/311@3 100 i tuiian 15 w1 N1

o @

mwﬁua:ﬁwmqwmaauﬁaﬂﬁﬁﬂé?u Waz 0.25% SDS 31w 3 uas 2 a%1 awdey shld
80 2 asseautinnaw WasaN annuaunaseuliuiiuds vinmizzadae Isopropanol 7§ 0.04
N HCI Huasddsznay U3unas 200 pl N 1f 0.25% SDS 1511a3 50 ul TngsNIaRzanNy
84 Microtiter well laj ﬁﬂﬂi’@ﬂﬁg@ﬂﬁuumﬁ 570 nm #18LA%89 ELISA reader (Dynex, USA)

I@ﬂﬁ’lﬂ’]i“ﬂ(ﬂaa‘ULLUUﬂ’]Uﬂ' (duplicate) luudazasaLazyinnsnagaudi 3 a3

ﬂ1$ﬂﬂﬁ8ﬂt}ﬂ§%§)0 Cinnamaldehyde @8 Proteinase LLag Phospholipase activity

ﬂ@aallfm%“llad Cinnamaldehyde ia Proteinase L8z Phospholipase  activity lag
AauUaIITN13U09 Baboni LazATY (2009) laglt Bovine serum albumin agar-0.02% Tween-
80 (BSA-T) ez Egg yolk agar-0.02% Tween-80 (EYA-T) ANRNGL W@ C. albicans ﬁmm
ududszanm 10° ciuml U53na5 5 pl s9Unastagsiafsl Cinnamaldehyde fianuidudu
0 (control), 025 uaz 0.5xMIC 31NTith ﬂwﬁqm%gﬁ 37°C 1A 2 Wa5 1 §IRIUMT
Ne®aL Proteinase LAz Phospholipase activity ANURIOL BTUHE Activity 1éan Precipitation
zone (Pz) s‘fﬁLﬂué'mﬁd’mmauﬁumguﬁﬂmwamaﬁﬁsauiﬂiaﬁ (Opaque zone) 68

Lﬁuﬁﬁﬂuﬁﬂaﬁamaaiﬂiaﬁ mInagaud 2 avlasiduwdgredanis

=5 . 1 a § .

NMINAFAAURNSVY Cinnamaldehyde mamnmzmmsﬁaﬁtﬁaqﬂaa C. albicans

gl Epithelium cell adhesion assay
Af . 1 a 6 d' . 2

NMINagaunoYad Cinnamaldehyde @aniitnicaaluaaitalray C. albicans a3
Epithelium cell adhesion assay v lasaanlasdTnInarauaad Taweechaisupapong LR
AtHY (2005) laglwnz C. albicans ATCC 10231 waz 25922 muldan11zNil Cinnamaldehyde
nanadntudng g Aganni 37 °C 1duaa 1 Tl nduwimsdudamaddadeay Sterile
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0.85% NaCl 31w 2 assudlsuanudutumasiadin HEC Tufy (8w HEC
yeast 1AL 1:100) laggiaasfininusa 150 saudaui guunnd 37°C 1unian 1 S2YETR
nniudIen C. albicans °7ivLaJ'Lm:mjaarl,ﬁaqaaﬂimlﬁﬁamaa 12 pm Pore size (Millipore,
USA) wazsiindadsaannida U5uas 50 ml a1t towmasasunalaguiuazddas v
N3 Fix 628 Methanol #RINNGBNAIBE1NGILFTUNTULE? ﬁfuLsﬁaﬁﬁaﬁﬁm'}zaguummﬁﬁa
y 100 wmad maldndasaansiad vinsnesauuuuaILg (duplicate) Tuudazasouazvinns
NAFOUT 2 A59 TBIUNaLTN FaRTeIIwINTe C. albicans ﬁLﬂﬁza%iuuLéﬁaﬁ@iaLﬁﬁaﬁLﬁa
U 100 1188

msﬁnmﬁaoé’mﬁimﬁ'mm§waamsaﬁ'mmgu‘lwwiaﬁﬁmmamaanwaafﬂsﬁu
(in vivo expression) maal,%y ® C. albicans

YMIUNNELEa C. albicans ATCC 10231 fienududas 5x10° cfu/mi luomsiass
\Ta1an SDB 7} Cinnamaldehyde AiZinuLdRg Wit 0, 0.25 uaz 0.5xMIC ﬂu"L’TﬁQM%Qﬁ
37°C luaan 48 T2109 NNTWALLASITRRRFAIIMTTIWWIE9R 5,000 x g tHwaa 10
W UaEFMTITRETaE 2 a%1 6o NSS  nasanni3eanawaddadle PBS, pH 7.4-0.5%
tween 20 W&2 V‘iﬂﬁLsﬁaﬁﬁa@TLL@lﬂIQﬂl"ﬁﬂﬁmﬁmmwﬁga i ldanaznauwiauisasaandians
Twn3osf 12,000 x g ‘ﬁ'qm%{]ﬁ 4 °c Jwaan 10 wf hanTazansdiuladiwuy
(supernatant) tneasaumianuutuvasllsdulasls Bradford’'s solution lasdSouiiisy
anudutuiulsiuinasuinmuanududuuds aniuii supematant  GInaNIRENTL
sample loading reducing buffer ﬁﬂizﬂauﬁaﬂ sodium dodecyl sulfate (SDS) Lz B-
mercaptoethanol #§397n incubated 71 95°C Lwiaan 5 w1l TuLansIUKENGINET2T 12,000
x g wan 5 wiierdaduiliazaiseanly aniulsuazusnlysduudazdiodig
Usunm 5 lulainiuluudaznauuas 12% SDS-polyacrylamide gel wasanineenlysiuds
SDS-PAGE u#? gel sawnitoiinlddanunuluséiuum gel @288 Coomassie Brilliant Blue R250
Tagdnaunitsinmycnelonwwnulysdiuasun nitrocellulose membrane (NC) ¥nsdiasnzsl
wouls@ueas polyclonal antiserum AsWWIziulEe C. albicans I@ﬂﬂuﬁqnmgﬁ 25 °C 1u
a1 1 52109 WasanERE1s NC a9nsnase PBS, pH 7.4-0.05% Tween-20 WLaIEDN @28
diluted-goat anti-mouse immunoglobulin ﬁa@amﬂﬁ’m horseradish peroxidase (HRP) ﬁ
annil 25 °c Iwm 1 T2lug nasaIngs NC @28 PBS, pH 7.4-0.05% Tween-20 U2 L@l
substrate 284 HRP @8 0.03% H,0, % 2,6-dichloroindophenol (DCIP) l4t1an 3-5 wiluns
ujioussngadjisenvesenloidmnanlosnidis NC wane 9 ATITLINAY 9Nt
Wisuiisunaulysdursun SDS-PAGE waz Western blot analysis 189 C. albicans LNt
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& [ Aa . P v v ' A o '
L%ﬂﬂ?ﬂl@ﬂﬂ?z“ﬂ&l Cinnamaldehyde NaULTNTHAN 9 LWQ&’]S’)%@’J’]&JLL@Iﬂ@I’]GI%ﬂ’]S

urAIaanlUTART I TaAINa1 N8l ENIRAIRNIISALANGIIN

N133LAIILUNIEDG (Statistical analysis)

Wlsuisunsaeviadan Phospholipase Waz Proteinase activity Va9 C. albicans 14
AM2zA% Cinnamaldehyde AN T U699 e Wilcoxon Signed Rank test waz3LaTzAHa
284 Cinnamaldehyde Giaﬂ’mﬂ’l‘;amsﬁmﬁﬁalql"ﬂm C. albicans #18 Friedman ranks test lag

MRUAANULANA BN TIRIANINENG 32U p< 0.05
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AANIINaaad

m’mmmsnmaamsaﬁ“maagulws‘lumsﬁfu50msm%mmzms~ah C. albicans

WAIIIN FINMTIIURUNIzAN BN TadLEwNgUINaN 6 A, ﬁﬁmmﬁ”@ayﬂws U
5 mg sauweIILRBLTauTfinszaeTa C. albicans 113 22 AUHUT ﬂwﬁqm%{]ﬁ 37°C 1iu
a1 48 Talus wuh ilfia Clear zone Tau disc ARMIFNANLILINNTUTHLUAT TAN UAE

INAURONTIADNNVAUTY WANWLILAG Clear zone 38U disc NUFTRNARILINNNIZTILLUAE

ﬁ’]ﬁu%@&lizmEl‘ﬂ’maﬂL%UI@]Uﬁm%ﬁ@L&%N’]ﬂ%gﬂa’]dLQﬁULYi’]TBﬁJ 10 = 0.5 usr 17.4 £ 1.0
o A v & ' % £ v & a
mm @MU °]NLLﬁ@OI‘HL‘ﬂ%’)"lﬁ’ﬁﬁﬂ@‘ﬂU’]‘U"ﬂ"lﬂﬂ‘it"lj’]ﬂLLE\]ZGUL“EﬂﬁQV}ﬁI%ﬂ’ﬁUUElx‘]ﬂ’]iL"ﬂ‘SE]Ju
& . @ v o Ao A A o & a &
vaJdva C. albicans VL@] ﬁ]’]ﬂﬂ’]i‘ﬂ@]ﬁaﬂﬂ’]’]&lL‘IJ%J”H%“/]@]’W]E?@W]&’]SJWSE]El‘lJElx‘]ﬂ’liLﬁ]iilJﬂlE]x‘]L“ﬁE] C.
albicans  (Minimal inhibition concentration; MIC) maamiaﬁ'@agﬂwsﬁ’m Broth dilution
method Wudﬂmiaﬁ'@‘v&mumnm:‘mULLazﬁﬂﬁummzmﬂmﬂammmmmﬁuEl'amsl,ﬁﬁzy
284178 C. albicans }¢ lapld1 MIC WAy 2 waz 1 mg/ml wae MFC WinAy 2 waz 1 mg/ml

o Q lﬂl
AUAIAU (#1390 1)

A19191 1 Minimum inhibitory  concentration (MIC) a2 Minimum  fungicidal

concentration (MFC) PYAIFITRNARIVINNNIZTUUALIN U BHRONTLADAINN LTS

#138nNA MIC (mg/ml) MFC (mg/ml)
n3sT8 2 2
auLwe 1 1

wua [ 3’ % o [ £ o & o '
Eﬂ’]"ﬂ UVL@ﬂ@Lﬁaﬂmuummzm m’maumemumaaquﬂummu £91/338n1918

13184 C. albicans ¢ia'kl

a9AUsLNaUNIIANYBIRN WD N TR NB UL
a 6 6 a :/ g v a
N1IATERIRUTZNOUNILANV IR U BRONTLLRABIINAULTY GI8LNAKA GC-MS
WUI1 Cinnamaldehyde (Juantdsznaunaniszanm 87 % f1nius1tdsznausiadneg @329

wulalulSanmamias aIuaadluanI19n 2
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A9 2 89AUTENALVINUURANTIRENAUENILATIZRGI AT GC/MS

Nan1Inadau
et ik Retention time % Area % Match
(RT)
2-propanal, 3-phenyl 23.24 87.11 98
0l-Copaene 28.33 2.38 99
Trans-0l-bergamotene 30.78 0.27 91
Trans-caryophyllene 30.99 1.43 99
Naphthalene,1,2,4a,5,6,8a-hexahydro 37.81 0.52 95
4,7-dimethyl-1-1(1-methylethyl)-,(1. O-
4a 0-,8a Q)
O-Cadiene 39.59 1.12 99
Naphthalene,1,2,4a,7-hexahydro-1,6- 47.30 0.52 92
dimethyl-4-(1-methylethyl)
Hexadecanoic acid, trimethylsilylester 59.6 0.32 98

AMNEINITNVAY Cinnamaldehyde TwnsgiugonisiaSainaznsain C. albicans

nmsnaseudszansnwiiosduas Cinnamaldehyde (Sigma, USA) lunisdius
m‘iLﬁmﬂaoL%a C. albicans @193% Agar disc diffusion method W71 Cinnamaldehyde
AU SUEINM TS Y89Te C. albicans 111 22 datnale wazd1833 broth dilution method
WUI1 Cinnamaldehyde {61 MIC taz MFC Wvinnu 125 ug/ml IMNMINLEYS C. albicans
ATCC 10231 finaigutu 5x10° cfu/ml luenwns SDB-T 71§ Cinnamaldehyde fiaaidasu
G9ue 0 A9 0.125 mg/ml wWUd1 ARuEuTw AU MIC (125 ug/ml)  Cinnamaldehyde
§131350%1 C. albicans ¢ %GLLamlﬁLﬁu’i’l Cinnamaldehyde ﬁmiaamm%:l,mu Fungicidal

activity a9uaaaluzL 1
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Cinnamaldehyde (ug/ml)

——0 = 1563 —a—3125 —e—B625 ——125

Log10 cfu/ml
on

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)

37 1 M31939184 C. albicans ATCC 10231 1y SDB-T #iil Cinnamaldehyde 7w

LTNT AN 6

gnawas Cinnamaldehyde dansa319viasanvas C. albicans

INNINAROUAMUEINITAVS Cinnamaldehyde lunsiiudsnisairaviesen (germ
tube formation) ¥a4 C. albicans I@]EJLW’]:L??EJOL%E] C. albicans luaﬂ’l’wﬁﬁ Cinnamaldehyde ﬁ
aNUENTWNAY 0, 31.25 uaz 62.5 pg/ml STANAU 0, 0.25 uaz 0.5XMIC AL
WU11 Cinnamaldehyde finnududutoania MIC sansndusImIaaviasanld douaaslu
gﬂﬁ' 2
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;sﬂﬁ 2 Germ tube formation of C. albicans in the presence of 0 (a), 31.25 (b) and

62.5 mg/ml Cinnamaldehyde (c)

Lﬁaﬁ"lmi‘ﬂmaaumia%ﬁ\‘iﬁa\‘laﬂ@ﬁEJ Crystal violet based method WU C. albicans ﬁy’\‘i
22 auWug ftwnzlu Cinnamaldehyde fanuduTwyindy 0, 31.25 uaz 62.5 ug/ml 8519718
san'lduandnsiuadnefitbieda (p<0.01) Taufi oD 570 nm ldiafuyszanm 0.45 (Range:
0.25-0.62) 0.30 (Range: 0.14-0.44) uaz 0.18 (Renge: 0.11-0.25) MNUEIAU (A13197 2) UFAT
%1931 Cinnamaldehyde ffusismsaineviosanues C. albicans lasuilsiuauanu s

(Dose-dependent manner)

A5 3 NINARBLNNIRIIVBIBNVad  C.  albicans (n=22) L&A1

Cinnamaldehyde ﬁm’ml,ﬁuﬁmme] #2833 Crystal violet based method (Abe et. al., 1994)

Cinnamaldehyde oD,
(ng/mil) Mean * SD Range
0 0.45 + 0.11 (0.25-0.62)
31.25 0.30 + 0.09* (0.14-0.44)
62.5 0.18 £ 0.04* (0.11-0.25)
* p<0.01
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qwgwaa Cinnamaldehyde R Phospholipase LLaZ Proteinase activity

nmMInagauanuaEunsalunsains Phospholipase ez Proteinase 1odtiofilElu
AINAROL WU C. albicans MNFIFIATID S1WIN 14 EIWUT UaTFIBWUES9B9 813130
8519 Phospholipase Uaz Proteinase lé a91in lumsnaseunnsues Cinnamaldehyde @a
Phospholipase ez Proteinase activity %dlﬁ%ﬂumimaauﬁy’ﬁu 16 RIOWUT LfiaL‘W’lz C.
albicans U181 %137 EYA-T ﬁvl,xiﬁ Cinnamaldehyde WUl Opaque zones Lﬁ@%uiaﬂﬂiaﬁ (31]“71.
3) Tae3 Phospholipase activity (Pz) 1&g1.98 (Range: 1.17-2.48) luwmshl C. albicans twae
U%E]’]W]iﬁﬁ Cinnamaldehyde ﬁm’lmﬁ&l‘ﬂ'u 31.25 ae 62.5 ug/mi Y Phospholipase activity
\WinAU 1.65 (Range: 1.00-2.50) wae 1.40 (Range: 1.00-2.00) aN&1aU Lag Activity aaadatng

IRFANIEDG (p<0.01) (AT 4)

‘51]17; 3 Phospholipase activity of C. albicans in the presence of 0 ug/ml (a), 31.25

u

pg/ml (b) and 62.5 ug/ml | (c) cinnamaldehyde
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@191971 4 Phospholipase activity (Pz) 289 C. albicans NwW1zuwk EYA-T 93

Cinnamaldehyde NA LT N D64 ¢

Cinnamaldehyde Phospholipase activity (n=16)
(ng/mil) Mean £ SD Range
0 1.98 £ 0.46 (1.17-2.48)
31.25 1.65 + 0.49* (1.00-2.50)
62.5 1.40 + 0.38* (1.00-2.00)
* p<0.01

é’m%‘um‘m@aamm%{mao Cinnamaldehyde @@ Proteinase activity w84 C. albicans
WU C. albicans MwWNzUa 13718 Cinnamaldehyde finnuidudn 0, 31.25 uaz 62.5 pg/ml
§ Opaque zones tfatusaulalail (Ul 4) Tanfl Activity (Pz) 18t 1¥ivriu 2.17 (Range: 1.80-
2.45), 1.93 (Range: 1.64-2.27) uaz 1.45 (Range: 1.00-2.10) @N&GL ©9 Activity aaadagn9d

WHFIANIEDG (p<0.1 (117197 6)

g‘ﬂﬁ 4 Proteinase activity of C. albicans in the presence of 0 ug/ml (a), 31.25 ug/ml

(b) and 62.5 ug/ml (c) cinnamaldehyde
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19197 5 Proteinase activity 184 C. albicans AWIZUH BSA-T 9 Cinnamaldehyde f

AT T UG )

Cinnamaldehyde Proteinase activity (n=16)

(ng/ml) Mean * SD Range
0 217 £ 0.21 (1.80-2.45)
31.25 1.92 £ 0.17* (1.64-2.27)
62.5 1.45 + 0.27* (1.00-2.10)
* p<0.01

=3 . ] a { . .
nINAdauf NV Clnnamaldehyde Glaﬂ’l‘sm'lzmm"ﬁaﬁtﬁaqﬁ'z g Epithelium

cell adhesion assay
1»1é’omﬂv‘hmsmaaumum:@@L%ﬂ&Lﬁaqmaa C. albicans ATCC 10231 Laz 90028
Tagtia HEC AU C. albicans Annunstwazlu Cinnamaldehyde ienadiudwyinhu 0, 31.25
uaz 62.5 pg/ml UW&Y WU C. albicans ATCC 10231 uaz 90028 fitmzagummadiilay 100

LTRRWIUAANID TR E A NIRDR (0<0.05) (A3197 6)

;Sllﬁ 5 ﬂ’]iLﬂ’]:?\@]L‘ﬁﬂﬁLﬁﬂHﬂJﬂ\‘i Candida albicans ATCC 10231 ﬁmumiﬂw‘luama:

@ Cinnamaldehyde AanuduT® i 0 (a). W8z 31.25 ug/ml (b)
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= a e , i a \ A
?1319N 6 ﬂ'ﬁLﬂ']z(ﬂ@L‘ﬁﬂﬂLU@H“ﬂax‘i Candida albicans VlN"I%ﬂ"IT.U&JI%ﬁﬂ'YJS:‘Y]

Cinnamaldehyde NA LT NT 64 ¢

Yeast cell / 100 HEC (Mean * SD)

Cinnamaldehyde

C. albicans ATCC C. albicans ATCC 90028
(ng/ml)
10231
0 226 + 8.49 57 +4.24
31.25 68 + 4.24* 34 + 5.66*
62.5 16.5 + 2.12* 9+141*

msﬁmsnLﬁ”méfmﬁ'mﬁ'uQﬂEKwaa Cinnamaldehyde @aNin1suansaanuas
Tuséin (in vivo expression) 2849C. albicans

WaILNIWNZIED C. albicans ATCC 10231 luamnsiasaiiownas SDB-T fisiuazlad
Cinnamaldehyde wasanifiufieimas anauonliUsauvesida C. albicans Waz¥nTUEN
Tusfudhy SDS-PAGE udr daunitsvinnsdonsunulysan lasdndunitsvnsdislanuoy
115@ua9u% nitrocellulose  membrane LﬁaﬁLm’lzﬁLmuIUiﬁuﬁ’m polyclonal antiserum ﬁ
$UWRU C. albicans ATCC 10231 dasinafia Western blot analysis 31nmsansnLasdu
WU Swantazanuduvesuaulysduun SDS-PAGE gel 9898 C. albicans ATCC 10231
Tunzfisuazlaifl Cinnamaldehyde laifianuuanenanis (gﬂ‘ﬁ' 6) WONINH NNMTIATEH
wavlisaudrameafin Western blot lagld polyclonal anti-C. albicans antiserum @97 lsiwy

AMUUANGAILTUN (gﬂﬁ 7)
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3171 6 SDS-PAGE gel yoslusauiianaugnain C. albicans ATCC 10231 fivivl3ln
Mzfifl Cinnamaldehyde fiananduduednsg Sefandasd Coomassie

Brilliant Blue R250

195

41

27

20

14

M; Standard protein marker

Lane 1; Tusduanniradlunieilud Cinnamaldehyde

Lane 2; lUs@nanniaaslunnazid Cinnamaldehyde fianuidudu 62.5 ug/ml
Lane 3; lUs@nanniaasluniazA Cinnamaldehyde fianuidud 31.25 ug/ml
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3171 7 Western blot analysis wa9lUs@unanauananisas C. albicans ATCC 10231
{ { . { v @ ' A2 A (%
nunlilunensl  Cinnamaldehyde Aanudutua1sg  T9ianchaas

polyclonal anti-C. albicans antiserum

kDa

195 ——
9 —

41

20 —

14 —

M; Standard protein marker

Lane 1; Tosduannimadluniei s Cinnamaldehyde

Lane 2; lis@uanniaasluniizid Cinnamaldehyde Aanuttusu 62.5 ug/ml
Lane 3; lds@uannioasluniazfisl Cinnamaldehyde finanaidiausu 31.25 ug/ml
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'Ji]']imtlﬂ&ﬂ‘éﬂﬂaﬂ']iﬂﬂaaﬁ

MnMIEnENAaurIg Wuin Cinnamaldehyde mmmifuﬁ”'aﬂm,ﬁaﬂaa Candida
spp. i’JlJ‘Yi‘]LL‘UﬂﬁL%EJLLati’]“ﬁﬁ@@i’mG] 16 (Unlu et. al., 2011; Shreaz et. al., 2011) NNNTAN®
398l Wu91 Cinnamaldehyde Samusnansalumsdudinisiaiyuazan C. albicans & layd
@1 MIC uwaz MFC 1¥innNU 125 pg/ml UWAZNNNNIN@&aU Antifungal killing time Wuin
Cinnamaldehyde ﬁmiaaﬂqw%(l,ﬂmmu Fungicidal mmzﬁmlumju Azole EJ'U&ﬂ’ﬁLﬁ]’%@LL@i”L&i
81013090 C. albicans 'l@ (Fungistatic activity) (Hawser et. al., 1999) FaduarnlmiZamansn
ﬂ'@umﬂa"l,ﬂms??amﬁy'al,muéuwwwiamwﬁmfuq wazuwuulaidwne (specific  and  cross-
resistance) Vléluﬁqm (Parks et. al., 1996)

MIMILAALTAN NMIRIIVIDI8NLAZNITRINS hydrolytic ernzyme 1iw Virulence factor
fidndnves C. abicans laumumz@arasuaslaariues C. albicans \iaannIssuRuaLng
IW1zVa9 Candidal adhesin mﬁ@@i’me] AU extracellular matrix proteins (ECM) YILTARLIRT
Lﬂ%ﬁ;@é&l"ﬂﬂdﬂ’ﬁﬁﬂliﬂ candidiasis nsaerisseniliunsiasuudsslassssvesidann
LﬁﬁaﬁﬁaﬁLaU’J (Unicellular yeast form) Wuwsa (Filamentous  form) %%E]‘ﬁl%im’i’l
Morphogenesis ﬁm’l&lé’]ﬁ’ty(v’iaﬂ’n&la’lm‘mium‘nm‘;a@]Lﬁm_ql (Adhesion) (Kimura et. al,
1980) LLazmsQﬂmwau%mﬁﬂﬂlmf:mﬁa (Mechanical invasion) WLaz&1%3U Phospholipase
ILae aspartyl proteinases ﬁuwm‘nE%ﬁﬁfysl,umsqﬂa’mmaoﬁa Togvinanaiiiaifaussurisiaas
L‘E‘iaqdaNalﬁmaﬁ"l,ﬁ%'umwmﬁmmﬂ (Leidich ot al, 1998) lunmsénunit wuin
Cinnamaldehyde ﬁl Sub-inhibitory concentration ﬁ’lmmﬂ"]_lgaﬂ’lil,ﬂ’lza@lﬁmﬁ NNIRINNYIadaN
LRZNITRING Phospholipase I8¢ Proteinases 83 C. albicans luraaanaaas be ﬁd‘lfu
Cinnamaldehyde E]’]ﬁ]"ﬁ’sUa@Iaﬂﬁaﬂ’lia@L%E]LLazﬂ’liLLWi‘ﬂi:ﬁ]’]UT@GL%@ﬁdﬂd’l’JvLﬂéa{m:%%a
UV slupjam%pavl,@?

Cinnamaldehyde LLazmiai&ﬁufﬁmmmgugdﬂﬂiﬁﬁﬁﬂumad Plasma membrane-
ATPase (PM-ATPase) 183 C. albicans & 39vilsiianisnanas H noluemas vildianu
unsadrsnelulsas (Intracellular  pH) AR89 FINALANEILTAS LAIUAMUFLAY LAZANT
¥91u89 PM-ATPase fiaqad (Shreaz et al, 2010; 2011) onadanal#dniings
Phospholipase .82 Proteinase aaﬂgjﬂ’lEluaﬂLmaﬁﬁﬁaoaﬁﬁﬂﬂﬂiﬁﬁdﬂumad PM-ATPase
ANRI bo uaﬂmﬂf: Candida sp. ‘ﬁLW’lﬂuaﬂ’l’Jzﬁﬁ Cinnamaldehyde LLa:mimgﬁufﬁ?u 3
suuuuvad Sterol  luHEITAR (Cell membrane) wWasuudasly TasSdagiuvos Ergosterol
889 39A1AI1 Cinnamaldehyde LLa:miamgﬁufaanqw%gi@mmiﬂ'ugaﬂWiﬁaLﬂiﬂzﬁ Ergosterol

(Ergosterol biosynthesis) 289178 walinunslnfiusida (Shreaz et. al., 2011; Rajput and
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Karuppayil, 2013) Cell surface hydrophobicity (CSH) ﬁﬂ?ﬁuﬁﬂﬁmﬁaﬂﬁﬁwﬁﬂuﬂiﬂTHﬂW§
\nzAalTadlaaduad C. albicans INANANEI289 Khan  Wae Ahmed  (2012)  Wuin
Cinnamaldehyde &3Wali C. albicans & CSH aand anaiuinglw C. albicans Arnwmstiale
Cinnamaldehyde mmsnlumilmza@ﬁuLsnaa’l,ﬁaqa@ad (p< 0.05) 'lo
NNNIANEIANNABVES Cinnamaldehyde dalsad HIc2 rat cardiac myoblasts b
WROANANDI WUIN Cinnamaldehyde Aanududuriniu Mic Senuduiwlivandrsan
Fluconazole (Shreaz et. al., 2011) LRZAINNNIANENLUILRNT AWV BIFNTINAINNOLLTEUAE
Cinnamaldehyde lunns3nmnlsa Oral candidiasis lugainaass mstheusnmidadaseias
YaRdanIananeauLsLa: Cinnamaldehyde aansnaamsdaiia C. albicans luzasin’le
289Nz NI W (Taguchi et. al., 2011) waAILALARDILUTZENTAWVBY Cinnamaldehyde lu
manawwiaih ldszendidu Anticandida agent ldluawiaa agnslsfiana nalnmysangns
284 CmnamaMehydeaﬁnalnmydaﬁaﬁhaawuguus&hnvnﬁaIsﬂﬁbﬁiﬁhdﬁaiﬂuﬁdﬁﬁtﬁhﬁaa

Imsdnwsiald
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The study of antifungal activities of Cinnamaldehyde against

pathogenic Candida albicans

Abstract

Candidiasis caused by Candida albicans is one of the common infectious diseases
found in immunocompromised patients. Azole group is a common drug used for treatment,
leading to develop drug resistance. Thus, new-developing drugs, including those from natural
products are necessary. In this study, we evaluated the antifungal effects of cinnamaldehyde
on pathogenic C. albicans. The results revealed that the cinnamaldehyde possessed
antifungal activities against C. albicans. The minimum inhibitory concentration (MIC) of
cinnamaldehyde was 125 pg/ml with fungicidal activity. At sub-inhibitory concentration,
cinnamaldehyde reduced germ tube formation, proteinase and phospholipase activities with
dose dependent manner. This study showed that cinnamaldehyde has a potent in vitro activity
against C. albicans and can inhibit the activities of virulence factors.

Keyword: Candida albicans, cinnamaldehyde, Virulence factors

Introduction

C. albicans, a yeast-like fungus, was found as normal flora of mucous tissue in
healthy persons. However, it is also found as an opportunistic pathogen able to cause a
variety of infections, ranging from superficial to life threatening in case of septicemia.

Candidiasis was still cause of morbidity and mortality with unacceptably high rates.
The major reasons are the limited number of antifungal drugs and also used widespread to
treat infections, leading to the development of drug-resistance. (White et. al., 1998) Thus, the
search of new and effective natural products showing antifungal activity against C. albicans is
likely to overcome this problem.

Cinnamon is a spice that has been used since ancient times for medicinal purposes.
The benefits of cinnamon have been determined. Previous study demonstrated that cinnamon
could reduce serum glucose and lipids in people with type 2 diabetes. (Khan et. al., 2003)
and also suppress cancer proliferation by induce cell death through regulating pro-apoptotic
molecule. (Kwon et. al., 2010) Cinnamon extract exhibit the antimicrobial activity such
bacteria, virus and also fungi. (Mastura et. al., 1999; Premanathan et. al., 2000; Shan et. al,,

2007) Cinnamaldehyde, a major active ingredient of cinnamon, have immense medical
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potential. In this study, we have tested the antifungal activities of cinnamaldehyde against the

growth and virulence factors of pathogenic C. albicans.

Material and Methods
C. albicans strain
Twenty clinical isolates of C. albicans from blood culture and 2 reference stains

(ATCC 10231 and 90028) were used in this study. The strains were cultured on Sabouraud

dextrose agar (SDA: 2% peptone, 4% dextrose, 1.5% agar) and incubated at 37°C for 48 h
before use.

Cinnamaldehyde

Cinnamaldehyde was purchased from Sigma (USA).

Determination of anti-candidal activity of cinnamaldehyde by agar disc diffusion

The antifungal activity of cinnamaldehyde against C. albicans was performed on SDA.
A 0.5 McFarland suspension of C. albicans in sterile 0.85% NSS was swabbed in three
directions on SDA. These inoculated plates were left to dry for 5 min. Then, sterilized paper
disc (6 mm diameter) with 5 mg of cinnamaldehyde were placed on the plates. The plate was
incubated at 37°C for 48 h. Zone diameters (in millimeters) for the zone of complete inhibition
were determined.

Determination of minimum inhibitory concentration (MIC) and minimum
fungicidal concentration (MFC) of cinnamaldehyde

MIC and MFC of cinnamaldehyde against C. albicans were determined by the broth
macrodilution technique. Briefly, cinnamaldehyde solution was two-fold serially diluted with
Sabouraud-dextrose broth with Tween-80 (SDB-T: 2% peptone, 4 % dextrose, 0.02% Tween

80). An equal volume of yeast suspension (1><104 cfu/ml) was added and the suspensions

were incubated at 37°C for 48 h. The minimum inhibitory concentration (MIC) was
determined visually and defined as the lowest concentration of the cinnamaldehyde that
inhibit growth of yeast cells, as indicated by the absence of turbidity. Sub-culturing from the
optically clear tubes was performed to determine the MFC. All experiments were repeated on
three independent experiments with duplicate determinations.

Time kill analysis of cinnamaldehyde

Time-kill analysis of cinnamaldehyde was conducted as previously described. (Canton

et. al., 2004) Briefly, C. albicans ATCC 10231 was added to SDB-T containing

38



cinnamaldehyde to final concentration at 5><1O5 cfu/ml. The suspensions were incubated
37°C and the viability of yeast cell was determined at 0, 1, 2, 4, 6, 12, 24 and 48 h by colony
count method. The experiments were repeated on two separate occasions with duplicate.

Anti-candidal activity of cinnamaldehyde on germ tube formation of C. albicans
by crystal violet based technique

To determine the effect of cinnamaldehyde on germ tube formation, a cell suspension

(1><105 cfu/ml) of C. albicans isolates was prepared and 0.1 ml was added to the wells of 96-
flat-microtiter plate containing fetal bovine serum (Gibco BRL, USA) and cinnamaldehyde to
final concentration at 10% and 0 (control), 1/4, 1/2 and 1XMIC, respectively. The wells
without yeast cell were set up as blank. After incubation at 37°C for 2 h, plate was processed
as described elsewhere. (Abe et. al., 1994) Briefly, the medium in the wells was discarded
and washed once with 100 pl of 70% ethanol. Yeast cell without germ tube were removed by
washing once with 200 ul of 0.25% sodium dodecyl sulfate (SDS; Ajax Finechem, Australia)
and three times with distilled water. Germ tubes forming cell attached to the wells were
stained with 100 pl of 0.01% crystal violet (Sigma, USA) for 15 min. The dye solution was
removed and the plate was washed three times with water, once with 0.25% SDS, and twice
more with water. After the plates were dried, 200 pl of Isopropanol containing 0.04 N HCI and
50 pl of 0.25% SDS were added to the wells and mixed briefly. The absorbance at 570 nm
was determined by using an ELISA reader (Dynex, USA). The experiments were repeated on
three separate occasions with duplicate.

Anti-candidal activity of cinnamaldehyde on proteinase and phospholipase
activities

Effect of cinnamaldehyde on proteinase and phospholipase activities of C. albicans
were determined by using modified method of Baboni. (2009) A cell suspension (1><106
cfu/ml) was prepared and 5 ul was spotted on bovine serum albumin agar and egg yolk agar
containing 0.02% Tween-80 with either O (control), 1/4, 1/2 or 1XMIC of cinnamaldehyde.
Inoculated plates were incubated in moist chamber at 37 °Cfor2 and 5 days, respecivetly.
Proteinase and phospholipase activity were determined as Pz, when Pz was ratio of the
diameter of precipitation zone with colony to the colony diameter. The experiment was

repeated on two separate occasions.

Statistic analysis
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Germ tube formation, phospholipase and proteinase activity of C. albicans in present
of 0 0.25 and 0.5x MIC of cinnamaldehyde were analyzed using Wilcoxon Signed Rank test.

A probability values < 0.05 was considered significant.

Results

Antifungal activity of cinnamaldehyde against C. albicans

By disc diffusion method, cinnamaldehyde exhibited the anti-candidal activity with the
average zone of inhibition of 60 mm at 5 mg/disc. The MIC and MFC of cinnamaldehyde
against C. albicans were 125 pug/ml.

Killing time

Within 2 h of incubation at 37°C, cinnamaldehyde at the MIC had not effect on the
viability of the yeast cell. But it was proved to be rapidly fungicidal within 12 hours because of
the viability deceased more than 3 of log10 (cfu/ml). While at 1/2XMIC (62.5 ug/ml) was

fungistatic (Figure 1).
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Figure 1 The killing time plot of C. albicans incubated in SDB-T containing several

concentration of cinnamaldehyde

Effect of cinnamaldehyde on germ tube formation of C. albicans

Germ tube formation of C. albicans yeast cell treated with several concentration of
cinnamaldehyde was determined by microscopy (Figure 2) and crystal violet based method.
C. albicans incubated in fetal bovine serum contain cinnamaldehyde resulted in a significant
decrease (p< 0.01) in ODs; from 0.45 (Range: 0.25-54.3) of control to 0.30 (Range: 0.14-
0.44) and 0.18 (Renge: 0.11-0.25) at 31.25 and 62.5 ug/ml, respectively. Inhibitory effect of

cinnamaldehyde was dose-dependent manner (Table 1).
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Figure 2 Germ tube formations of C. albicans in the presence of 0 (a), 31.25 (b) and

62.5 mg/ml cinnamaldehyde (c)

Table 1 Inhibitory effect of cinnamaldehyde on germ tube formation of C. albicans

determined by crystal violet based method (Abe et. al., 1994)

Cinnamalde oD,
hyde (ug/ml) Mean = SD Range
0 0.45 + 0.11 (0.25-0.62)
31.25 0.30 + 0.09* (0.14-0.44)
62.5 0.18 + 0.04* (0.11-0.25)
* p<0.01

Effect of cinnamaldehyde on proteinase and phospholipase activities

The antifungal activity of cinnamaldehyde on proteinase and phospholipase activities
of C. albicans was determined by spotting the yeast cell on BSA and EYA containing several
concentration of cinnamaldehyde. The average of proteinase and phospholipase activity (Pz)
of C. albicans (n=16) unexposed to cinnamaldehyde was 2.17 (Range: 1.80-2.45) and 1.98
(Range: 1.17-2.48), respectively. While, activities of yeast exposed to cinnamaldehyde at
31.25 and 62.5 pg/ml were 2.17 (Range: 1.80-2.45) and 1.93 (Range: 1.64-2.27) for
proteinase and 1.65 (Range: 1.00-2.50) and 1.40 (Range: 1.00-2.00) for phospholipase,
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respectively. It reveals that cinnamaldehyde could reduce the activities of proteinase ans

phospholipase of C. albicans with dose dependent manner (p< 0.01). (Table 2)

Table 2 Proteinase and phospholipase activity (Pz) of C. albicans (n=16) in presence

of cinnamaldehyde

Cinnamaldehyde Proteinase activity (n=16) Phospholipase activity (n=16)
(ng/ml) Mean = SD Mean = SD Mean * SD Range
0 217 £ 0.21 1.98 £ 0.46 1.98 £ 0.46 (1.17-2.48)
31.25 1.92 +0.17* 1.65 + 0.49* 1.65 + 0.49* (1.00-2.50)
62.5 1.45 + 0.27* 1.40 + 0.38* 1.40 + 0.38* (1.00-2.00)
* p<0.01
Discussion

Cinnamon was used as spice and food preservative due to it was safe when
consumed and it could inhibit the growth of molds, yeast and bacteria. Moreover, cinnamon
extract exert a blood glucose-suppressing effect. (Khan et. al., 2003) Thus, it was used as
diabetic supplement for diabetic mellitus patients. Cinnamaldehyde was completely inhibiting
both sensitive and resistant strain of Helicobacter pylori and reported to exhibit antibacterial
activity against Pseudomonas aeruginosa by damaging the cellular membrane leading to cell
death. (Bouhdid et. al., 2010) In this study, Broth dilution method and killing time analysis
showed that MIC of cinnamaldehyde was fungicidal. Fungicidal activity is considered as a
desirable quality for antifungal agents as it causes killing, as compared with arrest of the
growth by fungistatic agents. While, most of azole drugs are fungistatic that fail to completely
eliminate yeast, leading acquired resistance of C. albicans to azole. (Parks and Casey, 1996)

Previous studies revealed that the exposure to sub-inhibitory concentrations of garlic
extract, date extract and Streblus asper leaf-extract inhibited Candida germination.
(Ghannoum, 1990; Abu-Elteen, 2000; Taweechaisupapong et. al., 2005) In this study, sub-
inhibitory concentration of cinnamaldehyde could also reduce germ tube formation of C.
albicans. Since, germ tube formation and hydrolytic enzyme including phospholipase and

proteinase were important virulence factors for tissue adhesion and invasion of C. albicans
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(Leidich et. al., 1998; Whiteway et. al., 2007) Thus, the inhibition of those virulence factors by
cinnamaldehyde might reduce the severity of the Candidiasis.

According to results of previously study, cinnamaldehyde was found as the major
component of cinnamon oil and also exhibit antimicrobial activity against human bacteria and
fungi (Unlu et. al., 2011; Shreaz et. al., 2011) Moreover, it was purposed that cinnamaldehyde
has effect the ergosterol biosynthetic pathway and cause cell membrane damage. (Shreaz et.
al., 2011; Rajput and Karuppayil, 2013) However, the certain mechanism is needed to be

studied.

Conclusion
Cinnamaldehyde exhibited the rapidly fungicidal activity and could inhibit the hyphal
form growth and hydrolytic enzyme secretion of pathogenic C. albicans, indicating that

cinnamaldehyde has potential to use as antifungal therapy.
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