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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
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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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NN ZMENZING? Nnenluauaiu Inhibitory
\Ho3Aun3s |Inhibition zone|  MIC MFC  |Inhibition zone MIC MFc ~ |Concentration
(mm) (mg/ml) | (mg/ml) (mm) (mg/ml) (mg/ml) Index
(10 mg/disc) (0.1 mg/disc) (FICI)
C. albicans | 18.17 £ 1.94 {1.25 + 1.06(1.75 + 1.77| 20.33 + 3.06 |0.0052 + 0.002| 0.0130 + 0.005(0.71+0.11(S)

mauaasralugluuy Aede + dudosuunnasgu Inmmaasy 3 A9

S = Synergism LAAYAINMILEINONDNU

e luguARu

(0.1 mg/disc)

PN URBNTELWENZLNG

(10 mg/disc)

JUN 1 UFAIMINARBUNSEHUEINITIANIUIUTBLED C. albicans 10 (Auge) g lusunfu

(0.1 mg/disc) Haz (AMUB) UINURDNILIRENZIWST (10 mg/disc) TaedsAaAanR Ty

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.

Y4



2rUAUAD UA 12 aUUA 1 w.A. 2562

2. msAnmszezanlunisviiaiede
C. albicans I NUNTUNENTTIMBNZING

Warhmsfnmszeznalunmahaiede
C. albicans Nmhsuenszmenzwnlnes nilas
(Time-killed assay) laeldamudadutidunen

sEmBnzN B fusssus MFC wudthsiu
WeaNTTWENZIWERsaYa1ude C. albicans T
Tudn3oras 90 feudaan 30 Wil wazENIIa
vhaneide ldauysaimelunan 2 dalus @Fasms
Waridndouaz 100) ﬁmmm’tugﬂﬁ 2

Number of cells (cells/ml)

0 T T

—4-control
-l-treatment

Oh 30 min 1h 2h

Ul 2 uaAIWaMIMANDUSETEZLIAUMSYNaELEe C. albicans INGNEUNNURDNIZTIMENZING

(1.75 mg/ml) ﬁawaﬁu,ﬂmLﬁuﬁﬁmumaﬁﬁaawﬁ%m‘lugﬂﬁﬂLaﬁﬂ + fUDENIIUNIATEIU

INNINA[DY 3 AV

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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SEl 15kV, WD12mm 5520
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NgnnasauivuiuaNsTBnsIwg (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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C. albicans MMNTURDNILRBNZINTY

wanNMIRNEIgUaTudenisiinsiuau
909180 C. albicans thiuvenszmenziwnldgn
dsnmaseugnalumahanelulefduideadnedu
souanvluguil 4 TeewfledmiWide C. albicans
ahwmalulofiduiuin Ifgmihamegsuihii

wonszimenswnisziuanadaduriiud MFC
TumavhaelulefduiinduiSeuifisuiungs

AIUAN WU DN NN NN 08N T2
Tulafguinaasoras 85 (p < 0.05) Turian 6 Falaw
Warawuly 12 dalue sedvlulefiduanasmias
$apaz 33 (p < 0.05) uazlunan 24 Flu Juiu
yavluloflduanavimdaiesiasas 15 (p < 0.05)
luzasiienluaunfuasnsoanssaululofdumie
Sapaz 50, 20 uaz 10 lunan 6, 12 uaz 24 lug
MNAAY pNHTBEIALUN AR (p < 0.05) )
wWipuiBuiunguAILAN

59



2rUAUAD UA 12 aUUA 1 w.A. 2562

m Control
100 -
=
S 80 -
k=
S 60 - .
= 1
<.
= 40 -
=
|
= 55 -
o
0 .

6h

B O. sancfum BENystatin

H

12 h 24 h

JUN 4 WaTaNNUNaNssIMENZ NI I [uawARAY (ANITNTUINAUAT MFC)

sian1svinanalulaWanvasitia C. albicans N3xazLIan 6, 12 WAL 24 Iluy

*An AANNLANANIUadNANEEALN SRR (p < 0.05) Tﬂﬂtﬂ%ﬂutﬁﬂuﬁ’unq:umuqu (nsNER)

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).

un3915al (Discussion)

miﬁnwm%\aﬁq\aLﬁuﬁnwwqwéaﬂnﬁﬂﬂu
wonszmenziwsnauseslulunisdudodge
C. albicans Fofludaamnlumsialsaden
Tugiavin (oral candidiasis) TasnziwsduRei
aulnenhandudndsznaulusmsanuadinuie

&

fondenanasadtlusziunilosionysd msdnwn
gnitudadedasiuuansliiduiniiunenszve
nziwaluduzaslufissduamadingu 10 fadnsu
fianuasnsalumssudonisidinsuiueesde
C. albicans Tapfidurugudnansiadsvavisla
fudedatszaina 18 Aadwns dviiaidadisz
anulsnnaamIatniTueNIsBNZIWT Lay
fidnadis MIC uaz MFC saida C. albicans
1z 1.25 Uay 1.75 aaniuFniafans muaa

Tauaanndpvivnuddeludsemealnevey Sodajan

wazAMe 2015 (12) [@dnwwuinhsiuvenssive
NZWTIANEIUYDI IWRANNENT IUMTETUEIINT

¥
° =

ANTWIUYBIED C. albicans esnaliiinla

o @

vdadiduruguanataszanu 20 Nadng

o—

Fofldn MIC uaz MFC Uszanou 1.56 Aadninsia
findans  Tusnusidpniudefinednendeunthiiae
Taigannrdaiuudde ol ldsoeuinmsane
s lusiuzesnnbinugndlunmssudens
s nupe9Es C. albicans uspenvle (13) 3
HlddanyAguimsatannnzmnludmses
sneafiseAlsznauneiaii isangnidenis
fudeda C. albicans FverauansvanaILTey
Tunzws suthuuaasiifiuimhiumasssmensin
nsrusslusafidneniwdanissudenisiiia
Fnnuwevids C. abbicans Alglumsmasouadel
Tassssuanuidadusnvidurenszimenzing
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yndzaslulunstiudouaziansde C. albicans
gndmeglunasissiufinn  (enudududaunias
N 100 fadnsudaladans) Iaudedvannnuide
U8y Francisco 1998 (14)
ihfumenszmenzmwsuennnilnaasnga
Tumstiudemsinsnueeds C. albicans uda
ﬁ’ommmLa%uqménﬁsﬁﬁaﬂuiauﬁumﬁﬁul,%a‘n
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mMIfnMIEsHgNS MavuTErisihsunes
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nsfnseunthiliisssisaiuayunanisdnm
A%l Taw Ahmad usszaniz 2010 I&@nwwuh
#13nauyIuaa (Eugenol) uaziuniiagivaa
(Methyleugenol) Fofusutszneuvanluingu
VENTIMENZINT)  SNI0LENEVEN ST
mﬁwu@mwﬂaﬂmm‘[m (Fluconazole) Tumstiudhs
miLﬁ'Nﬁi’lmuma\wﬁa C. albicans, C. tropicalis
uaz C. glabrata (15) lawsaaAdaeiumsfnn
afsiidedaseldditumannaiensianslaeld
w3svufalasnnnnii-unsawalnsfiwes (Gas
Chromatograph-Mass Spectrometer, GC-MS)
woinhiduenszmsnsmwniiasfidusedussney
nanAa MIu-uesleWau  (Trans-Caryophyliene)
wniiagausa (Methyleugenol) uazgausa (Eugenol)
(Data not shown) st lsAmaluthsuney
szwpnzmnfsfiasnguiugdudnszneusin
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anaddly  enethelihiunesssmenzinad
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MlgAdeTu
ihiuvensziensiwaissiuanu i dady
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Tenmeluszezna 2 Falue deiaiuaaenisean
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Uaneuidugeiin ¢ (Membrane blebbing) wazwy
MSUANYNIBIALBULD (DNA fragmentation) (16)
NNANNENSaTaNTUENTEIRENZINT UNS
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Tulefdufiinanide Cryptococcus neoformans
way C. laurentii lapansnsaanseeululafdnly
wiiaUszanadorar 10 fiszduamadindu 1.024
Aadnsurafiadans (20) Turagiidiugainuidy
Auiuaaliiiuihasataannnswnionsluns
vanslulefldunnidoaunidauy wueidoves
Loahaprapanon WazAny 2018 [aFnswuinens
aiaveuannzns dondlunmsiaslulefdy
fiennde S. aureus uaz S. epidermidis &)

o oa

WugnhesseWigadu (Methicillin resistant) (21)

3

& o

Foranulnddesiunansfnen luaseilzuii

una3l (Conclusion)
nzmsuuRzayulnsinedifinsuilaau
uiadin  Fedehfianadasadelussaunids  Taw
uvanssmenzns uanegnisudenisiiia
snunaziaslulefiduvesida C. albicans
FINTIEINIOEENNEM I luaunfiu
foiunuideFoviifodudeyaiugiuidido
dusumarnesesanlusunanipwainmIsin
nauilifundndusiseqdmsuinunlsaiadon
wAUAA BN 1 miﬁwmlﬂugnamjuﬁa
ugoihn  Wiswdasuaihenhuhn  (Judu
urnenslsimumsAnsseiuanaduie (Toxicity)
wazwat1eiAsdy 7 tavihdureNIsMENZINT)
feavsaeiinmadnuse [Uidalinsuiessiuany
LiuﬁuﬁL‘VimzauLLazﬂaaﬂﬁ’ﬂsimﬁﬂuamﬂm

AnfAn3snUszn1A (Acknowledgement)
POVDUWITAUNUAULAYUNMIITNNNDINU
pRflyanmsuwndunulng  nsumsuwndunulng
WATMIUNNEMILEBN  NITNTWABTUFD AL
ngavIuUinsiAdaviauazgunsalinenmans
Tﬂs\'imﬁmﬁﬁmmmméﬂmwﬁm N INENABNTAAR

€

dhwsunsaiuayuiaIoviiouazgunanllunsise

o

v
o

AN

=De

1ana@1591999 (References)

1. Shepherd MG, Poulter RT, Sullivan
PA. Candida albicans: biology, genetics, and
pathogenicity. Annu Rev Microbiol. 1985;39:579-
614.

2. Mayer FL, Wilson D, Hube B. Candida
albicans pathogenicity mechanisms. Virulence.
2013;4(2):119-28.

3. Pappas PG, Kauffman CA, Andes D,
Benjamin DK, Jr., Calandra TF, Edwards JE, Jr.,
et al. Clinical practice guidelines for the management
of candidiasis: 2009 update by the Infectious
Diseases Society of America. Clin Infect Dis.
2009;48(5):503-35.

4. Klein RS, Harris CA, Small CB, Moll B,
Lesser M, Friedland GH. Oral candidiasis in high-
risk patients as the initial manifestation of the
acquired immunodeficiency syndrome. N Engl J
Med. 1984;311(6):354-8.

5. Garcia-Cuesta C, Sarrion-Perez MG,
Bagan JV. Current treatment of oral candidiasis:
A literature review. J Clin Exp Dent. 2014;6(5):
e576-82.

6. Hakkim FL, Shankar CG, Girija S.
Chemical composition and antioxidant property
of holy basil (Ocimum sanctum L.) leaves, stems,
and inflorescence and their in vitro callus cultures.
J Agric Food Chem. 2007;55(22):9109-17.

7. Pramod K. Raghav MS. Antimicrobial
Properties of Tulsi (Ocimum sanctum) in Relation
to Shelf Life Enhancement of Fruits & Vegetables.
International Journal of Green and Herbal
Chemistry. 2018;7(1):20-32.

62



SWU Dent J. Vol.12 No.1 2019

8. Gavanji S, Zaker SR, Nejad ZG,
Bakhtari A, Bidabadi ES, Larki B. Comparative
efficacy of herbal essences with amphotricin B
and ketoconazole on Candida albicans in the in
vitro condition. Integr Med Res. 2015;4(2):112-8.

9. Ponce A.G. FR, C. del Valle, Roura S.
I. Antimicrobial activity of essential oils on the
native microflora of organic Swiss chard. Food
Sci Technol. 2003;36(7):679-84.

10. Fratini F, Mancini S, Turchi B, Friscia
E, Pistelli L, Giusti G, et al. A novel interpretation
of the Fractional Inhibitory Concentration Index:
The case Origanum vulgare L. and Leptospermum
scoparium J. R. et G. Forst essential oils against
Staphylococcus aureus strains. Microbiol Res.
2017;195:11-7.

11. Melo AS, Bizerra FC, Freymuller E,
Arthington-Skaggs BA, Colombo AL. Biofilm
production and evaluation of antifungal
susceptibility amongst clinical Candida spp.
isolates, including strains of the Candida
parapsilosis complex. Med Mycol. 2011;49(3):253-
62.

12. Sodachan J, Sungthong B, Rattanakiat
S. Chemical Profiling and Antimicrobial Activities
against Oral Pathogens of Ocimum spp. Essentail
QOils. 1JPS. 2015;11(Suppl):304-10.

13. Kawsud P, Puripattanavong J,
Teanpaisan R. Screening for Anticandidal and
Antibiofilm Activity of Some Herbs in Thailand.
Trop J Pharm Res. 2014;13(9):1495-501.

14. Sdez F. Variability in Essential Oils
from Populations of Thymus hyemalis Lange
in Southeastern Spain. J Herbs, Spices & Med
Plants. 1998;5(4):65-76.

15. Ahmad A, Khan A, Khan LA, Manzoor
N. In vitro synergy of eugenol and methyleugenol
with fluconazole against clinical Candida isolates.
J Med Microbiol. 2010;59(Pt 10):1178-84.

16. Khan A, Ahmad A, Khan LA, Manzoor
N. Ocimum sanctum (L.) essential oil and its lead
molecules induce apoptosis in Candida albicans.
Res Microbiol. 2014;165(6):411-9.

17. Cavalheiro M, Teixeira MC. Candida
Biofilms: Threats, Challenges, and Promising
Strategies. Front Med (Lausanne). 2018;5:28.

18. Mitchell KF, Zarnowski R, Andes DR.
The Extracellular Matrix of Fungal Biofilms. Adv
Exp Med Biol. 2016;931:21-35.

19. Nett JE. The Host’s Reply to Candida
Biofilm. Pathogens. 2016;5(1).

20. Kumari P, Mishra R, Arora N, Chatrath
A, Gangwar R, Roy P, et al. Antifungal and Anti-
Biofilm Activity of Essential Oil Active Components
against Cryptococcus neoformans and Cryptococcus
laurentii. Front Microbiol. 2017;8:2161.

21. Loahaprapanon S YK, Nukong J,
Chanwun T. An Investigation on the Antibacterial
and Antibiofilm Efficacy of a Traditional Thai
Herbal Recipe (THR 01) against Clinical Isolates
of Methicillin Resistant Staphylococcus aureus
(MRSA) and Staphylococcus epidermidis.
International Journal of Agricultural Technology.
2018;14(3):325-32.

63



2rUAUAD UA 12 aUUA 1 w.A. 2562

AnfiaunAY
8.a3. 393080 ywawlnee

Ia

NANIPINNANTATURLENBIANTAT  UATNFNIY
v3nsiedesfiauazgunsafinendans
Iﬂ‘s\'imﬁmﬁﬁmmmmﬁwmmﬁqj NVNMENABNTAAR
Wil 259 it 13 shwaluumunuuri
DLNDLNDIENUNALRIY TR 37000
Insdwyi 045-523211

aavanedLannIaiing: Wongwarut.boo@mahidol.edu

Corresponding author

Dr. Wongwarut Boonyanugomol

Department of Sciences and Liberal Arts and
Unit of Scientific Instruments and Equipments
Services, Mahidol University, Amnat Charoen
Campus, 259, No. 13, Non Nam Tang sub-
district, Mueang district, Amnat Charoen, 37000,
Thailand.

Tel: +66-45-523211

E-mail: Wongwarut.boo@mahidol.edu

Received Date: May 14, 2019
Revised Date: May 24, 2019
Accepted Date: Jun 19, 2019

64



