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ORIGINAL ARTICLE

Effects of Ocimum sanctum essential oil on anti-proliferation
and biofilm destruction in Candida albicans and its synergy
with Nystatin

Kairin Kraisriwattana* Julalak Nutchanon** Wanwisa Sankomkai***
Wongwarut Boonyanugomol****

Abstract

Current anti-fungal drugs were widely used for oral candidiasis therapy, but drug resistant
and side effects were also found. Investigation of natural compounds is an alternative choice for
these issues.

Objective: To investigate the anti-proliferation and biofilm destruction in Candida albicans
by the essential oil from Ocimum sanctum and determination of synergistic activity of the essential
oil combined with Nystatin.

Methods: Anti-proliferation in C. albicans was determined by disc diffusion assay and
microbroth dilution method. Synergistic activity between the essential oil and Nystatin was analyzed
'by Fractional Inhibitory Concentration Index (FICI). The Time-kill assay was used to determine the
reduction of C. albicans-treated with the essential oil at various times. The C. albicans morphology
exposed to the essential oil was observed by scanning electron microscope. The destruction of
C. albicans biofilms were examined by crystal violet staining assay.

Results: O. sanctum essential oil had an anti-proliferative activity against C. albicans with
MIC and MFC of 1.25 and 1.75 mg/ml, respectively. Additionally, this essential oil combined with
Nystatin showed the synergism on C. albicans inhibition (FICI = 0.71). The essential oil from O. sanctum
could inhibit C. albicans growth within 2 h and cells with shrinkage morphology were observed in
C. albicans-treated cells compared to control. Interestingly, the levels of C. albicans biofilm mass
were significantly decreased after exposure to O. sanctum essential oil compared to the control.

Conclusions: The essential oil from O. sanctum showed the potent anti-proliferation and
biofilm destruction in C. albicans and synergism with Nystatin. This is the basic data for further

therapeutic drug development of oral candidiasis.

Keywords: Candida albicans, Ocimum sanctum, essential oil, Nystatin, Biofilm, Synergism

*General Administration Officer of Laboratory, Unit of Scientific Instruments and Equipments Services, Mahidol University,
Amnat Charoen Campus, 259, Non Nam Tang sub-district, Mueang district, Amnat Charoen, 37000, Thailand.

**Scientist, Unit of Scientific Instruments and Equipments Services, Mahidol University. Amnat Charoen Campus, 259, Non Nam
Tang sub-district, Mueang district, Amnat Charoen, 37000, Thailand.

***Researcher Assistant, Unit of Research, Mahidol University, Amnat Charoen Campus, 259, Non Nam Tang sub-district,
Mueang district, Amnat Charoen, 37000, Thailand.

| ecturer, Department of Sciences and Liberal Arts, Head of Unit of Scientific Instruments and Equipments Services, Mahidol

University, Amnat Charoen Campus, 259, Non Nam Tang sub-district, Mueang district, Amnat Charoen, 37000, Thailand.

52



SWU Dent J. Vol.12 No.1 2019

YU (Introduction)

Tspfindouaufion  (Candidiasis) faumn
wininanmsinide Candida albicans Saifium
nQuﬁaﬁﬁﬁgﬂiwanau% ANATIRWLMITI A9
Wb (pseudohyphae) WAZENEIIUA (true hyphae)
gansadadulaldd lusnnzdunsedou 4 uay
ﬁﬁwmang’[ﬂmﬂumem%uau Smiadaduiina
gansolumsadte germ tube (6 lumnmedifdsu
wiadaydiu (1) Iﬂﬂdquimjﬁﬂﬁnéjuﬁwm'w i
Uszhiulusremesesysd 1wy dovihn gevaasn
favtle wasmaiiue s Wudu (2) aghelsianu
frhedfgdduiuunwsavlauamsetdwbedioe
fodaarlad (HIV) 40 Lﬁuﬂajuﬁﬁmwmﬁm@oﬁﬁn
wumsinide C. albicans iy Tsafhanilugasin
(oral candidiasis) tudu (3) lawemsihanlu
dasthnanmsinde C. albicans Saflustiedin
fhpdhgmsiiulsaeaduuuuanseims (@) lay
soulsawuiiuihanafsanuusudnnunseisui
wazusnudu 4 lugenn i fu waziweuthn
uiheenafiomssniauiisuinuazpway
1hn9ene (angular cheilitis) eluaunfu (Nystatin)
wudnHusmaidanuideiild lunssnnfiaeid
anmsthenlugoshnannsfade C. albicans
Fovaduenlungulnisuunnalasdn (polyene
macrolide) Guianuasnsalumaiisnsfusiu
(permeability) 2auisadHNLTUDRVERA Lazyi K
fasgnvhaneluluiige usieeelsfimuen luaundu
fowuihilwadsdessvatelufihemnene  gu
Aduld 113U uazkadasTUUMYAU T
(5) ﬁuﬁumsﬁmmmmﬁ’mmnﬁ‘siumfﬁﬁﬁqw‘éﬂ‘uﬁa
mMInsuneevds C. albicans TIN9AIIM
gusnlunsiasugnam v luauaiu
Fuifumiianuieiifianuhaulaiald lunis
Wanndepamuansananedeniils lunssne
Lafadauaudonlutesin  aawadiissan
pimudanluilagiu

news1 (Ocimum  sanctum) \Hulsidngn
snauin wuldh i lumuiionseu ualuuszmalne
sansowuiizsiad [ lulasgnihanldluns
Usznpusnsusidiuny - anmsneidoedurion
wihillay Hakkim Wazauy 2007 wuhansaiaenn
nzwmsilgnidueyyadas:ldmaosie wiu ayya
lonsonda ayyawedoanlsd oyyamwedoonlss
uoulosau Wudu Tnewuiludnaeelufigndsu
a%aﬁmzﬁg\mdwmummﬁomean (6) upniwilean

{ v

anddhusyyadasesewuinhifunesssmonzing
ﬁoﬁmmmmsaiumiﬁugﬂL%ﬂ@ﬁuw%éwmwﬁm
WU Escherichia coli, Klebsiella pneumoniae,
Proteus mirabilis, Pseudomonas aeruginosa Wae
Staphylococcus aureus \Jugiu (7)
sothudeuamslidiuinsmsfigndmeianm
wanssuTiiauasastluszsumiaidasen
\uRsfaulnsisnysznauamsag usza
athelsfimudslifissnumsfnugnidudens
Wi uuaeide C. albicans mbhumeNsyme
WIS INAUMSANENM TSN OVEM e
e e ﬁoﬁuawuiﬁmL%"aoﬁ?mﬁi'mqmmaﬁ
Lﬂ'aﬂmﬂauqmé%ﬂﬁﬁﬂﬁ’ﬂﬁﬁummzmzmmwas']
Tunstufomaiasuunashaelulefguaas
\p C. albicans NN ILESHONETINL
pdudeniusuniu  eifudeyarugulums
Uszynd ldusslomhifawmuwdnfuvivionn
fusunmssnunlsafnidauauionlugesthnsaly
Tupunan
JanauUnsaluarisnis (Materials and Methods)
Tasun1939ui3avil [ Wrunisiansan
INANENTINMTITBEIINNMITeTuAugAnaIv
wInendouiag loelesumsiasudulasens
Algsuniseniiunissusevadusssunsiseluau

(Research with exemption from IRB review)

wn
o



onua.uAd TA 12 avui 1 w.A. 2562

msieduaniunaust vy
ihdnlugsanzmsuihmsaimhiumay
semplaedsndudelat (hydrodistillation) 9
dnanslofendamn woulanda (NaySO,) Ll
°1hﬂ@wﬁuﬁﬂﬁdmﬁamsLmnﬁwﬁuwamma Tow
daubiuiiaialdazgnifusnnlilumedenide
Hastuumy uazfulifigumgll 20 svrsaidos

n"liLW'\:Lgﬂdt‘%ﬁqﬁuﬂ%ﬁ

e C. albicans S 1 awwug L3
Piviavdifnianans viuinmsiedesiouazgungod
Sneneans Tasemsdadeiniiangunaiain
wvinendtading Tnevhnmsiwnsideide C. albicans
Tupwsiaesidesiiaufe Sabouraud Dexdrose
Agar (SDA) tnilgaumgil 30 seenzaiBua Wit
2 Su amiwhmsdodsaslusmnsidsadesiio
IR Potato Dextrose Broth (PDB) wazLﬁymﬁ

AUVNG 30 avALTALdE LwEhfinusy 150 58U

q a
' <t

dondt Wunan 24 sl owdsdeludnen:
wuane aasuimuaavhmsUsuYSnade
1wT§vinfiu 0.5 Mc Farland (152300 1x108 CFU/m)
Wewnduald Tumsdnundussly

> .
& ar el -

n'mnmaanqwﬁﬂuwmﬂwuiﬂmummi‘va c.
albicans Tapi3aadawia5u (Disc diffusion)

mafnulapds disc diffusion aaumnile
§1989m AT NIANENUEY Gavanji WazAE 2015
(8) L%Mﬁnﬁm’wﬁﬁuﬂmﬂlﬁﬁﬁﬁﬂmnLf‘?aﬁg‘mu
Tuansasa e C. albicans TUSUIEFULUTNNM
\HRENIEHU 0.5 Mc Farland Taeniddwusanelsl
gonantheszneliouemnsideede SDA 910
Fuimsveatnsiunesssmensiws s nng 10
Tulmsdas avuuududadodar @uaduriu
guina 6 Hadwas) Aslivsanm 3 il Wie
Thiuwenssmedwiududaden dosvinisdu
UNURTAENTINENIRIUeNMSLAE D SDA
@vhnsthedEs 3 3eusesuds) aUEIMS ALY

\osananuiniigumail 30 sveniwadue e
24 dhlue fflumasumanmaneelae T
M3t (inhibition zone) Tae¥arugaaudnans
gpvinufadenlumhedaiwns lapvimmeaay
athatlan 3 ase wnfuiinmstudeiivunaduni
guinawiaendy 8 faduns foindelifienwla
fnaNs (not sensitive) LauRAUENI9BL UL
8-14 Aadwes dorudeiianwulasiaas (sensitive)
Wunugudnatvetlugie 1519 fafes feh
Wadlanulunnsieans (very sensitive) wazwn
WUk uguEna NI 20 fadwing foddedi
mwbmnﬁgmiam‘s (extremely sensitive) 9
FedemNIBN5UaY Ponce LazAns 2003 (9)

msﬁnm‘s:ﬁum'mLﬁuﬁuﬁqqmmﬁﬁﬁuwamzmu
nziwslunmssufeuasvianeds C. albicans
vhmsanslagialulasusenlagdiu (Microbroth
dilution) LﬁammmmLﬁmiuﬁwqmmﬁwﬁwam
sumpnziwstlunstudeda (Minimum Inhibitory
Concentration, MIC) LLﬂzﬁWmHL%ﬂ (Minimum
Fungicidal Concentration, MFC) #198yauis
MIfnEeY Gavanji uazAmy 2015 (8) Sude
msspuhdurenszmsnsiwsnJussazane
mefuissiua gty 100 fadnsudedadang
@zaeluownsiaeode PDB + 50% anouea)
yintuFenviimenssmesenanluseduaing
idusingg wuy 2-fold serial dilution laeiusiay
anwdnduazgnifinaslunansaslulasiwanmauaz
50 lulasfins (Fnnulianadndugavieluudas
vauotluthodsus 10 — 0.0001 fndniusafiadang)
fesnaaidnaEsazaedefedunly (0.5 Mc Farland)
avlungululasiwannanas 50 [wlasdns 1h
Tulaswandnsfigumad 30 sveniwadea 1
na 24 dalue wﬁomnﬁmﬁummxmﬂLsmfg%u
(Resazurin) ANITNIU 0.1% aﬂmwfawqu
vovlulaswananar 10 lulasins dndhdus
ﬁqmwgﬁ sopvriaiden funa 249 i Waasy

54 '



SWU Dent J. Vol.12 No.1 2019

MvuanaIMseuna MIC TufinAanuidudu
wazgmﬁm‘sazmﬂwqmLﬂuﬁﬁuﬁu Tugnuziinig
2UKNA MFC ‘V‘fﬂ@ﬂmwmmmmmL%Vamnmu
filsiwy mMaLasn (ﬁifw 1914) AYUUDWSLALYIED SDA
vuiislifiguuadl 30 svrnwadios Wum 2 fu
Pntutufinenanududushge A linunsieio
9991 8pULDIMNT SDA mwmaaaﬁﬁ’amuamﬁmav
(Negative control) @ Lanusa ANMLdNdY 5%
MIMAFBUINAT MIC 1lag MFC 2898161
Wonluguadiu sudunsmaassiduifeaiudy

UNHUNRDNTZ LA

msnasausazaatlumsynaneide C. albicans
AINTURDNTERENZINT
nsnegaumszezanlunisviateide
C. albicans MNONEITUMBNIZMENZINT iy
manaaeulaedsindda (Time-kill assay) (391N
nMsLA3pNEIsara Bl eiUiuaududuirint
05 Mc Farland ihsmaspuiuihsiumensve
newissiuanududuihiuen MFC Tunasn
naaevui anthainfiaamgll 30 semizadua
Fuszpzinan 7 ke Tesluwdaznalmiioadi
AUNINARBLNYININIILABNNILLUY 10-fold serial
dilution uazthsnwIZLABUU NS SDA Tapti
pwnaiApaLdadIna TR 30 perimaLEua
Funan 2 i iessmivsunlalatiiisesdin
Taevhmsmaany 3 Thiemaadsuazaniioouy

NNTFIU

msﬁnmé’numz;ﬂé’mm‘f& C. albicans lan
né’mqammﬁﬁLﬁnmaumﬁﬂdmnﬁﬂ

whensazauide C. albicans (0.5 Mc Farland)
nasaufiuhiumenssmenswfisssuaududu
whituan MFC Tuvaaamaanys Wiszuziaan 30 wiil
yinthuhmsasasdasonsn ihmiseanazneu
fimansa 10,000 sausEWT hnznauadi ldn
empEsazaewaaWnWIWasm&AL (Phosphate
Buffer Saline) 17U 2 A%9 sigsnANaUIBARRINET
gmhluuglussazanengmiadiled (Glutaraldehyde)
ANMLENTL 2.5% ﬁqmwg:ﬁﬁm Wunan 2 dalae
uazAsBEsasapWasmTWINeSTEY 2 Ay
Pntuihasnoumagveauunszaniaalas (cover
slip) LtazﬁﬂﬁuﬁﬂumémﬁﬁLLﬁqﬁ’mstLmuﬁnqm
(critical point dryer) LLazLﬂﬁauﬁwwa\au%qw§
govinifegedieseulduinsiasaunmels
napvgansIAiBiinaseuriindoensia  (Scanning
Electron Microscope) (JSM 5410 LV; JEOL,
Tokyo, Japan)

nsnaTaUNsIRiNgNEsEuIsinTuaNs I
nziwsrsandue lusuadulunisdudede
C. albicans

LN IRTAN N AT MEN MY
nzwsuazen luauafivludandu 1:1 Tngldana
Wududeduwify 10 dadnsudediaing vins
NARBYLHULABIAUAUNIIRIAT MIC LLEIATUIY
mﬂﬁmsm%quﬁ"uuu Fractional Inhibitory
Concentration Index (FICI) lapdedemuisane
Fratini WazANE 2017 (10) fogmssmnousnluil

YFICI = AN MIC 2atNsTuvaNsZmEIINaLeNmUIEes + A1 MIC 29981snuidnss N iUt Nuvia NS Le

A1 MIC 299nuaNI Ity

MILUAKNE A

feAY ZFICIH < 1 nsuUanafataIugndiu (Synergism)

A1 MIC 289enmudn

e ZFICH dawintu 1 msuwdanade Suwnhiuadugndiu (Additive)

fdn ZFICH f#ansevdng 1.1-2 mswdanafsliwuanuuanse (Indifferent)

ten ZFICH > 2 Juld msuwdanafdafugndni (Antagonism)




a.nAuaUAS UA 12 aUUA 1 w.a. 2562

asAnsrgndviiaielulafsuaniriunay
SEIMBNZIN
nsesinsesululadndvdemaifane
Melo wazanie 2011 (11) Toovimsusuusinonde
C. albicans \WWpuwinszeu 05 Mc Farland (lu
2IMNTIAN RPMI 1640) Pnhuddeiisusnu
uiaslunguaaslulasmanluFnamauaz 250
Tulasins Unflgungdl 30 avewados Wuinm
48 $hluy wWalhdedumilsiinsaivnaluloflds
fuNuilulasiwan  Weasuimuananinisgs
pwnswandndeiida s il inefafuiuin
spslulasmanennin Tapsudifinnsimefniuiu
ilulasmandslulofiduiiFoasedu soavhms
Folulasiwansipemsivad RPMI 1640 911U
2 a%s 9 8z 3 Wit wdpEfiamu 300 e
fiaunil) Lﬁaﬁﬁ’mL?Yadauﬁlﬂlﬁmzﬁmiﬁmnﬁqm
intudviinasaiaihiuenssmens s mie
inluauafuiiszsuanududuhiuan MFC av
Tuvauuavlulasiwan (250 Tulasdnsman) e
nagaugnivhasluleildaiideatiotunn  Taa
figumgil 30 svenuadius Wum 6, 12 uaz
24 dalas iilersuihmususiaza hmagasu
gavimadeenuardtvlulasiwandiansazans
WomaTWmasmniusua 2 i 9 az 3 Wil
w¥anwthitanagy 300 seuspwdl) miudi
Tulaswanlviuieaiingszanu 30 wiit vimsden
TulaWdulasldmsazarudadadallodia (A
ddu 0.4%) Vi 250 lulasdnssionay fivls
Wuan 45 undl mn’tfmﬂﬁ@@ﬂiﬁ%ﬂLLaxﬁwwqu
Tulasiandhshazona 3 afs 9 ax 3wl mdau
wehilaada 300 seusiewndl) gavhedivlules
wanlfudeailn  uavinmsazaneddpieniuea
(Aadindu 95%) thilvwehilanauss 300 s
ol ustezinan 30 wiil uarinemIganiu
wavsrotadavaua lulasiwaniiauenaniau
595 U lULAT szﬁuﬂ%mmlﬂaﬂémmLf?aﬁgﬂ
wmﬂauﬁwﬁwﬁuwamzmw%amlummﬁua:gn

Wiey Lﬁuuﬁ’m:ﬁﬂu‘[a%ﬁunéumu G

MIIATIEANNEDA

WA INARDILAAVAIBDNN U LUV
Ay + dnudseiumesg mylenzienm
uaneneiuldatia student t-test lapwnnen p-value
detdpandmIsvinny 0.05 LEAYVIHANNLANFAN

o @ aa

fuateitpdAaneaic

WansNAaaY (Results)

1. mMsfnsgndtusemsifasuauesis
C. albicans INUNSTUNDNTLIMBNZLNT

PInmMImasaugnafuiensins U ne
o C. albicans Feuanaslumed 1 Lms;mﬁ 1
onlusuefiuuaavanuasnsalunmssudonisiis
FSwuenide C. albicans lavisdadaniiadu
?j\amfmwmxﬂmmmmsﬁuﬁaL%a (inhibition zone)
fawnaduiugudnanadowini 2033 faduns
@ssunnudnduravenlusuaiiu 01 fadnsu
dgafam) leswunenluguafiuden MIC way MFC
siailin C. albicans wABWYNRU 0.0052 WAz 0.0130
fnAnSustefindans musdy vusithsumenss mve
NEMTENTOLEANONE lun1studem s s
apvifle C albicans IFidwdsiu Tnaiduru
audnanvlasudodesiniadnhmy 18.17 fadiuns
(@sssiuamududuronihiuensve 10 Sadnsu
adad) lamhiunenssmenswnisn MIC uay
MFC daidin C. albicans Whifu 125 uaz 1.75
dadnFusindiafdns auaiay

WadnumsiaSugninisvineuszndng
ihiuenssmenawnHisiuslusueiu Taswuth
ﬁﬁﬁLQﬁﬂﬂﬁiLﬁ%quéLLUU Fractional Inhibitory
Concentration Index (FICI) Wiy 0.71 o
dsumeNszisnzw asen luauafiudimavie
mea%qu%‘ﬁu (Synergism FICI < 1)

56



SWU Dent J. Vol.12 No.1 2019

AN 1 LEAIRANISNANDLONSIUENNSIANIIUIULDNLED C. albicans 3 NUNNURDNITIRENTINGY
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Table 1. Anti-C. albicans proliferation from O. sanctum essential oil or Nystatin and synergistic

activity examination.
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Fig 1. Anti-C. albicans proliferation from (left disc) Nystatin (0.1 mg/disc) and (right disc)

O.sanctum essential oil (10 mg/disc) by using disc diffusion assay.
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Fig 2. Time-kill assay of C. albicans exposed to O. sanctum essential oil (1.75 mg/ml)

(data were demonstrated as mean * SD of triplicate independent experiments).
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SEI BV WDi2mn MO0 B | eeee—
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(faspeny 5,000 ) (A) sUsiEas C. albicans NENAIWAN WAz (B) JUSWIBaR C. albicans

AgnnasauRUNTUNBATEMENELWNSG (1.75 mg/ml)

Fig 3. Examination C. albicans morphology by using electron microscope (5,000X).

(A) C. albicans control, (B) C. albicans treated with O. sanctum essential oil (1.75 mg/ml).
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Fig 4. The effects of O. sanctum essential oil or Nystatin (MFC concentration)

on biofilm destruction in C. albicans at 6, 12 and 24 h.

*p < 0.05, statistical significant compared with the control (black bar).
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