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Candidiasis is a common opportunistic fungal infection that responds well to amphotericin B (AMPH) treatment.
However, AMPH often causes adverse effects such as kidney injury and hypokalemia. Because some essential oils have
been reported to have antifungal effects, we investigated the antifungal activity of various essential oils and their major
constituents against Candida spp. Most essential oils examined in this study showed antifungal activity, and several en-
hanced the antifungal effect of AMPH. Clove oil in particular, and its major constituent eugenol, had potent effects.
These findings suggest that combining certain essential oils or their constituents with AMPH may be useful for suppress-

ing the adverse effects of AMPH treatment.
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FEIZDWTIE, Candida REHE I LT, N1 F
T AV LIRS D MHEER B > DI SR
ENREDREINTWVNDS. 29 22T, KWHET
SHHRTTEREIERMEORMSE, &K AMPH OfEH
Wgic k2 HE - BWER OB & rTEEE T 5WE
DU — RMEEMORFEOBE LN S, BECHEREER
MBEINTNDHDHED T, SN UHEH
%57 % O Candida R EH TN T 2 PIEEEH, i
NZ AMPH HEAERFICZ OIERICR LU TRIFTRIE
ZOWTHE 21T 72,

£ B 5 &
1. HE, &, Rutt

cinnamaldehyde, citronellal, citronellol, geraniol,

1,8-Cineole, trans-

guaiacol, (+)-limonene, linalool, (—)-a-pinene,
bergamot oil, cinnamon oil, eucalyptus oil, lavender
oil, lemon oil, orange oil, rose oil, vanillin 13735 5
AT (K#) KOEALEZD DOZHWE.

Citral 13 =2{b% (KB) & U, farnesol, isoeu-
genol, «-caryophyllene, p-caryophyllene, 2-allyl-
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phenol [ZH Lk (RH) KVEALZLDDZEAME
L7 %7z, coveoil i3+ o147 A7 KkUOF
At (RBR) 5, eugenol i3+ HS5 1T A7 Kk
OFEHIZE (KBR) Mol ALZ®BRZ, 0o
FEHIZ DWW TS AFEOAR GER) o2
AW/, Z®S 5 benzoin 0il IZDWTIE, 25%1T
TREINTWDHOEMAL . AMPH [ZRIEH
HEOEAL K.

W@ 13> (NB) B, ¥ 70 —FXKEHIT
AL GRAD, bacto peptone ( =JEli#E (F50),
glucose & T\ agar [ZFIHAIEN S, TNENEEAL
TZbDZEHNWE.

Candida JEE & U T, MUK RSB % ol 582
WA EETFHRECEFHAZECRESIN TVS
Candida albicans FHO1, C. albicans 1TFM40009, C.
tropicallis NAO1 Zffifj L 7=.

2. MEBREMHOFME  AiEET K, NBE
iz FAWTTWY, AR 7oz dHL
. THHOEEITTRTITIC, HFRMWEHETRT
f1o7-. 7=, KKk AMPH OEf#1213 Tween
80 ZMEM L, FKIEEIXSBLAFICEDEDITLT.

2-1. Disc X (CLD2MEREHRAER  aigEL
7o BRI 100ul 2 1/5 fFREOY T O —%XK
BT — ML, 5% Tween 80 THBR L
ARE 0ul Z2ERIEER—=NN—F 1 AU ETE
T, 37°C T 24 el 2%, HIEM OB ZHE L
7. F£7z, BREHZ DWW TEE 200 mg/ml ik 100
mg/ml & U CEEAfi L 7z.

2-2. FB/INEBMEIEZE (minimum inhibitory con-
centration, MIC) OAIF  MICIE, MERKT
Rizickn 96 R~ 707 L —hrZ2HWTHIEL
7Z. dBloFERICIT T o —BiiE A, & U
By )L 100ul 9212725 KD E O 2 157
ORI OEKZFHLL 7=, —maihEE L - EE R
W& 100 pl 257 0 —5# 2 ml 25 /N EBRE T
Z, O.D.s3230.4 ($10°CFU/ml) &7325% % T
L INzEH 70T 1000 EFHERL, &
7 T )LIZ 100 ul T O8EME L 72, 37°C T 48 Mefiksag
%, BV IVHTEEOREENARMICED 5N
Wi/NDEFRE = MIC & L -

2-3. WIEARICHTIHEDOLEECK DK

— ARG E L ERBRER 100 4l 28 70—k
Hi2ml 25 ORBEICEREL, 37°C TO.D.s 8

0.4 L7225 £ THEAELZE, [ URKHT 100 (55K
UZe. dlBRE IR 2 3 O REH 1900 ul 2 8L,
CNIZHERE W Z 100ul 3L /=, 37°C T %
L, #EEFIZ O.D.s3o 2 HIE U CHEGERIFR & fFE Rk L
7z,

3. Clove oil (D eugenol EENDTEE Clove
oil ® 2BWFBIZTONT, EHEEAI O T F T
14— (HPLC) 12XV, eugenol 5 EZFEREL /-
715 E YMC A302 (ODS) (4.6mm i.d.X150
mm) (YMC, &), #&i#iZ 0.01 M H;PO,~0.01 M
KH,PO,~CH;CN (35:35:30, v/v/v) ZfifL,
NI LEF—T > T40°C &L, B 254 nm
Tfr> 7. EBugenol OF m MRS &L TIX, Ft
FMENSHEALZ BB LOMELINTNSHE
AL .

] R

1. FHRROEHERTOMEREEAKRU AMPH
EDHRAR

1-1. Disc Z(CKDHET £, Ml RO
ks (Fig. 1) OFEREEMRICDWT Disc iEICL S
2V —Z 7 7o 7z, K035 Al RSfiek g 12
flxZHWTHRE LS, benzoin oil, black pepper
oil, jasmin absolute oil, marjoram oil, patchouli oil,
ylang ylang oil D &£ KM ZE RN T X TORMH, &
O g RT ORI S TR IEF O Rk Z D 72
(data not shown).

ZTITRIZ, INsOHIERELEZ R L IZRHO
56, INETITHENRNEOZEHLIT 26 fH,
ORGSO S5 11 fEIZDWT, AMPH & Off
AR % Disc JEIT K DBF L7z, KiloRER
200 mg/ml & U, ZOJRETHRZH LM S
NzdHDIZDODWVTIE 100 mg/ml DEE THERE)
REEBRF L. £/, AMPH OE/E 3B 2 fH 1E
MO TR T E 2 H/NREE D 0.05mg/ml &L
7o, ZORER, Table 1 1IIRT KD, 17 DKM
FMOKEMB2ITONVWT, TA5OFRMICED
AMPH O IEF DOEERAEED 51z

N5 DS B, clove oil KUNZED ERK S D eu-
genol, rose oil LN ZF DK &L THI SN D ger-
aniol ¢ OX linalool, clary sage oil T Z DR D
linalool, rose otto oil KDL D citronellol,
geraniol &2 DWW TIE, AMPH tHlAEHEDZ
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Fig. 1. Essential Oils Examined for Antifungal Activity

Liz&> T, AMPH % 2 {50 (0.1 mg/ml) AMPH 73 /R 9 MIC 23H5 i V38 I AR 49 s N kg

THRMUZZBROEIEFAERLD S KEWHIEHOE FERMETEDEISITEBILT 2=t Lz, i?
FRAFRD 5, TS OFE KRR DN T F5 1 R s R 2> D MIC OBEIE Z1TW, 5122

%, AMPH OHIEREHAOHEMARI NG £z, NHHMTO MIC 2312, AMPH OEE D 2
eucalyptus oil (TE{FDOA] # &), lemongrass oil TR AN 1/4 MIC X3 1/2 MIC 3 O ¥ i 2 n
FIZHAERD AMPH OERHERNGED 517z, Z, PEHZNRZBREL 2.

1-2. MIC ([C& %85  Disc 5 THHITE S K BRI 0 MIC, K OVFE il Of A K © AMPH

HmERANEOsNEREIZDOWTE ST, @ MIC % Table 2 IZ/”9. FMOHF TIX, eucalyp-
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Table 1. Effect of Essential Oils on Inhibition Diameters (mm) of Amphotericin B (AMPH) against Candida spp.

Inhibition diameters (mm)

C. albicans FHO1 C. albicans IFM40009 C. tropicallis NAO1
+AMPH +AMPH +AMPH
alone alone alone
(0.05 mg/ml) (0.05 mg/ml) (0.05 mg/ml)
AMPH (alone) 12 13 12 13 11 13

(0.05 mg/ml) (0.1 mg/ml) (0.05 mg/ml) (0.1 mg/ml) (0.05 mg/ml) (0.1 mg/ml)

Bergamot oil (N)¢ 9 12 8.5 14 9 12
Bergamot oil (T)¢ 12 13 11 13 11 12
Chamomile German oil 9 13 — 14 — 11
Chamomile Roman oil 10 13 — 11 8.5 12
Clary sage oil 9 14 — 11 9 11
Clove oil (N)¢ 11 16 10 15 10 14
Cypress oil 9 12 — 11 — 11
Eucalyptus oil (N)« 10 11 8.5 11 9 11
Eucalyptus oil? (T)« 13 15 12 14 12 14
Frankincense oil 9 14 — 12 9 13
Juniper oil 10 12 — 12 11 11
Lavender oil (N)¢ 10 12 8.5 12 — 11
Lavender oil (T)¢ 9 12 8.5 11 9 11
Lemon oil 9 12 — 12 — 11
Lemongrass oil 12 14 13 15 13 16
Melissa oil 10 12 11 12 12 13
Mirrh oil 10 11 8.5 11 10 11
Neroli oil 10 13 9 11 10 11
Orange oil 8.5 12 — 11 — 11
Peppermint oil 10 11 9 12 11 12
Rose oil? 13 15 12 14 11 13
Rose absolute oil 9 12 — 13 9 12
Rosemary oil 12 13 10 12 11 12
Rose otto oil 10 13 8.5 14 10 14
Sandalwood oil 10 14 — 12 — 13
Vetiver oil 9 13 — 11 — 11
1,8-Cineole 9 12 — 11 — 12
Citral? 11 11 11 13 13 13
Citronellal ® 12 14 9 14 12 13
Citronellol? 10 12 9 14 11 14
Eugenol? 10 14 9 14 11 14
Farnesol 9 14 — 14 9 13
Geraniol 11 14 9 14 11 13
Guaiacol 10 14 9 13 8.5 14
(+)-Limonene 11 12 — 12 — 13
Linalool 10 15 8.5 14 9 12
(—)-o-Pinene 8.5 12 — 11 — 11

4 N; Nacalai, T; Tree of Life.  Concentrations of essential oils and their constituents on the two C. albicans strains were set at 100 mg/ml, and those of other
materials at 200 mg/ml.

tus oil, lemongrass oil, rose oil, sandalwood oil, *& SHEMICHL, 25 IRIFEREOPIEREN 2R
R4 & LTI, citronellol, farnesol, geraniol 72 & L7=7%, farnesol % sandalwood oil ™ & 9 12 & R
M, A BENTIEEIER 2R Uz, SEEH L TIEWARE B I2BMBEEL -
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Table 2. Effect of Essential Oils on the Minimum Inhibitory Concentrations (ug/ml) of Amphotericin B (AMPH) against Candida
Spp.
C. albicans FHO1 C. albicans TFM40009 C. tropicallis NAO1
Compound MIC of AMPH MIC of AMPH MIC of AMPH
MIC MIC MIC
+1/4 MIC +1/2MIC +1/4 MIC +1/2 MIC +1/4 MIC +1/2 MIC

None — 0.5 0.5 — 1 1 — 4 4
Bergamot oil (N)¢ 620 1 0.5 2500 1 0.5 2500 4 4
Chamomile German oil 560 1 0.5 2300 1 0.5 1100 8 4
Clary sage oil 1100 1 0.5 2300 2 1 2300 8 4
Clove oil (N)« 1700 0.25 0.016 1700 0.5 0.016 1700 2 0.25
Eucalyptus oil (T)« 310 1 0.5 620 1 1 310 4 4
Frankincense oil 1100 1 0.5 2200 2 1 2200 8 4
Lemongrass oil 310 1 0.5 630 1 1 630 4 0.5
Rose oil 360 1 0.5 720 1 1 720 8 4
Rose otto oil 510 1 0.5 1020 1 1 1020 8 0.5
Sandalwood oil 330 1 0.5 2700 1 1 >11000® 4 4
1,8-Cineole 640 1 0.5 1300 2 1 1300 4 4
Citral 340 1 0.5 690 2 1 340 4 4
Citronellal 580 1 0.5 2300 2 0.5 1200 4 4
Citronellol 150 1 0.5 610 1 0.5 310 4 4
Eugenol 660 0.25 0.25 1330 0.25 0.016 330 4 2
Farnesol 190 0.5 0.25 >12000® 1 0.5 >12000® 4 2
Geraniol 170 1 0.5 680 0.5 0.5 340 4 4
Guaiacol 2900 0.5 0.25 5900 1 0.25 2900 2 2
Linalool 630 0.5 0.25 1300 1 0.5 1300 4 4

4 N; Nacalai, T; Tree of Life. > When MIC of the essential oil was higher than the indicated value, 1/4 and 1/2 of the shown value (ug/ml) was added.
: MIC decreased to =1/4 of that of AMPH.

decreased to 1/2 of that of AMPH,

AMPH & O ff I B W T, C. albicans
IFM40009 IZ%t L, eugenol TlZ 1/4 MIC I D ks
MOFMIZ &> T AMPH @ MIC DX F23389 5
Nz, ZDIF, clove oil, geraniol, }UF guaiacol
I IZ AMPH @ MIC O F3A 67z, Kl
MAIHE MR > % 1/2 MIC IBETHRML 25512
X, I 52k D AMPH OE R B3R X O BIREIC
RSN, THICE< ORI - Kl T AMPH O
TER R D 5Nz,

st U=k o 5 5 bergamot oil (FH 51 57X
7 81 5)  chamomile German oil, clove oil, lemon-
grass oil, rose otto oil, K U¥EIHLST DS B citron-
ellal, citronellol, eugenol, farnesol, geraniol, guaia-
col, linalool IZDWTIX, BEKUEHKICE> TF
DIERICEZRIIASNDD, T4 AV ERVHER
EFEREDONTHIZBWTSH AMPH OE % Hi#
T5IENHSNTIES T,

SEkE L= T, clove oil & ZFD XS TH

: MIC

% eugenol ' Candida J& 3 BT N TITH UBHE
IR R L2728, KRIT clove oil B 5[ o 2 R
%>, eugenol DREHILEWIZDONWTSH, AMPH &
DOt R OME 2D 2.

2. Clove oil {5y & ZDEE(LEHD AMPH &
DHtRATIR

2-1. MIC ([C&L B4R Kl OW TR M
T « IRICERD D ZIEEDEZ SN D
T, B2 A—H—D clove oil &5, 2 fEZ [Ligd
HZEELRE S5, HRGDAFIRTH
UTFoHBHZOWTHERF L., T72b5,
clove oil Dfksr &L THIS IS -, B-caryophyllene®
DIE7H, eugenol D E (K isoeugenol, eugenol D
EWRHEEY & U TH S $15 vanillin,”¥ clove oil
%4> chavicol D7)l =)\ 5 BE{A D 2-allylphenol
EREtoxgE Lk (Fig. 2).

ZTORER, ZH 51X Table 3 12/-9 MIC 2R L
7=. Clove oil 2 #l#iZWd N D, C. albicans FHO1
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Fig. 2. Constituents of Clove Oil and Related Compounds

Table 3. Effect of Clove Oil and Related Compounds on Minimum Inhibitory Concentrations (ug/ml) of Amphotericin B (AMPH)

against Candida spp.

C. albicans FHO1

C. albicans IFM40009

C. tropicallis NAO1

Compound MIC of AMPH MIC of AMPH MIC of AMPH
MIC MIC MIC
+1/4MIC +1/2MIC +1/4MIC +1/2MIC +1/4MIC +1/2MIC

None — 0.5 0.5 — 1 1 — 4 4
Clove oil (N)¢ 1700 0.25 0.016 1700 0.5 0.016 1700 2 0.25
Clove oil (K)¢ 1600 0.25 0.016 1600 0.5 0.016 1600 2 0.25
Eugenol (N)¢ 670 0.25 0.25 1300 0.25 0.016 330 4 2
Eugenol Standard (W)« 710 0.25 0.25 1400 0.25 0.016 360 4 2
Isoeugenol 160 0.5 0.5 330 0.5 0.5 80 2 1
o-Caryophyllene >>10000> 0.5 0.5 >>10000° 1 0.5 >>10000> 2 2
f-Caryophyllene >9200* 0.5 0.5 >>9200° 1 0.5 >9200 2 1
2-Allylphenol 620 1 0.5 620 0.5 0.5 310 2 2
Vanillin 130 1 0.5 260 0.5 0.5 130 2 2

4 N; Nacalai, K; Kishida, W; Wako. ® When MIC of the essential oil was higher than the indicated value, 1/4 and 1/2 of the shown value (ug/ml) was added.

: MIC decreased to 1/2 of that of AMPH,

% C. tropicallis NAOL 12 L THEWIERAZ 7L
=M, XS TH D eugenol IZZNH LD EN
MIC Z/RLU /.

Eugenol BfE¥Y)E @ isoeugenol <> 2-allylphenol &
MIC Z clove oil X DKW EZ/RL, BIEMED T
zIV7anN/ A RbHEFEIEMZAT 2 2 LR
BEINk, TNIEHLEAFTINX) A BD o
caryophyllene (MIC, > 10000 ug/ml) < B-caryo-

: MIC decreased to =1/4 of that of AMPH.

phyllene (MIC, >9200 ug/ml) &4 [EH]E L /= &
ETRVEREEZ RS Mo .

Clove oil, eugenol Jx U B EY)'E = AMPH & O
L7=&Z A, Table3 IZRT K D12, C. albicans
IFM40009 D&, eugenol @ 1/4 MIC ¥ @ 6 A
T AMPH IZH T 2 AR SN/, XRFRIC
C. albicans FHO1 1Z%f L T% eugenol OHtfHIc X 3
AMPH OfE oA SNk, —7%, C
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tropicallis NAO1 1Z%f L Tl eugenol 12 & % H5&/E
HIZENZNOHRMIEE TII clove oil TN HKR K
DBHFHNEWDFERIRS N,

22, HIEARICRETZEDKR
& eugenol [IZDWTIX, C. albicans IFM40009 12}
U Tl b HNBEE RO 5N D T, :n%*
WTE 51T C. albicans O BEFEEFR I BT T &
LB K DAL 72,

ZTDHER, clove oil XN AMPH i # % ff i L 7=
B6, ThehzBEMTHERALEZSEXD BB
IS DO YEHERIE N A SN (Fig. 3). £/, eu-
genol IZDONTHIFITFEMOERENE SN (Fig.
4).

3. Clove oil () eugenol EEDFEE ket
THER L2/ D clove oil 1 ? eugenol & &%

Clove oil

A
0.5 1
04
203
a
O 02 “
/4
n
0.1
| ]
0 s -l/ L
0 12 24 36 48
Time (h)

NThn, 85.1% (FhHIA T A7), KU 84.1

% (FHLF®E) THoT.
e £

FRWITDONWTD Disc {JEICEKD AT Y =227
DFEE, C. albicans % 5% & U 7= Candida J& EH
WKL T, BWEEZR LRI EZ DR 2 R
L7,
otto oil K UKETHEL S D eugenol, geraniol, linalool,
citronellol 2212 D W T, AMPH O ¥{EE/EH D i
EARWHEI N, INSITBNTIE, KEilowRm
I2& % AMPH OFiEEEH ORI, MET 25
B DIERAMNEET 2 Z LRI N,

KIZ, WMEERAEFFIEICED, HElMROR R
B MIC, RUHEEMESIAEYE AMPH &0

H1T% clove oil, rose oil, clary sage oil, rose

0 12 24 36 48
Time (h)

Fig. 3. Effect of Clove Oil and AMPH on Growth of C. albicans IFM40009
(A) @, control; M, AMPH (0.25 ug/ml); A, clove oil (0.031v/v%); @, AMPH (0.25 ug/ml) +clove oil (0.031v/v%) (one-quarter of MIC).
(B) @, control; M, AMPH (0.5 ug/ml); A, clove oil (0.063v/v%); @, AMPH (0.5 ug/ml) +clove oil (0.063 v/v%) (half of MIC).

A
05 |
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2 03
1
a
O 02 /
/ /
| |
0.1 A
/
//“f/
0 &= o .

0 12 24 36 48
Time (h)

Time (h)

Fig. 4. Effect of Eugenol and AMPH on Growth of C. albicans IFM40009
(A) @, control; M, AMPH (0.25 ug/ml); A, eugenol (0.031v/v%); @, AMPH (0.25 ug/ml) +eugenol (0.031v/v%) (one-quarter of MIC).
(B) @, control; M, AMPH (0.5 ug/ml); A, eugenol (0.063v/v%); @, AMPH (0.5 ug/ml) +eugenol (0.063 v/v%) (half of MIC).
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PEHRFIZ BT %S AMPH ® MIC O & b 28 L
7z, %@rﬁ%}%, eucalyptus oil, lemongrass oil, rose
oil, sandalwood oil, i TNZHEIHERZ D citronellol,
farnesol, geraniol %’733‘ kt%&ﬁ’ﬂﬁlﬂh EER 2R
LU7=. £7-, farnesol % sandalwood oil ® X 5 IZH
M CEENRE< BRI HBMbEELEZ. BEXAF
TINRYBHDIZVFEAFTINR 2L EHT DN
MZBNT, ZOXDIBRBRNALNTZDOTH S
2, FENCTHYIVFIVHOESIDBHEREHRIZB N

THBEHEADHNHESNTNS.? Lizhi>
T, ZOH/AEBTIVFIVENE S TR FEITHA
TER<HBENEWI ENH 2HOERITHT 21E
IR TH > T, EFEMIIRE DRSO ZEE)NME
HDEWERS THNZOMB LKW, 7z/ZL,
BIEDOXDITHY LT 1 L HOGIEREHIZSS
<, BXAFFINRATBW TS farnesol IZH 51
B XD IBKBEDTF ENER TSN TIHRWN
EEZIBNS.

K& D S B bergamot oil, chamomile German oil,
clove oil, lemongrass oil, rose otto oil, ¥k Tl
citronellal, citronellol, eugenol, farnesol, geraniol,
guaiacol, linalool 7%, T 1 A 77 i K O & AR AT IR
FEONWTHIZBWTH AMPH OfE 2850 L 72
Z DENRZ R U TGRS DAL AREEIT B W T,
BN UBUKEE EBIZ, MEOEREDHFE
DE 575, AMPH & OJW%EJ)«JJ;'E KBWTHHEET
EVANRVIVE S Aoy g N

Clove oil @ F k7713 eugenol TH B0, 1FMNIT
Ht AF TR/ A KD a-caryophyllene, S-caryo-
phyllene £ 25 L3 N5B.9 FZ T 51T clove
oil XX T4 5 DRI I D W THE 2 i 6 7= i R
eugenol I3 clove oil & D {\y MIC 2R L 7=, i,
clove oil D47 & L TH 53 D a-caryophyllene
U B-caryophyllene |3 H1 EEiE 2R 39, clove
oil DHFIEEIEMNDEGIRE LA LRV ERADN
5.

Clove oil 2 O eugenol 12123416 AMPH OHiE
HIEHA 28 L 7=. Eugenol I3 AWM THHAL /=
clove oil 2 ®IFHH DK 85% & DD T L bEND 5
Niz. Ledi> THM O ERER KU AMPH O
FIBEEHEROWTINIZDOWTSH, clove oil DEHD
Dir EH—EIL, eugenol IZ&k > THBIEIN S,

AMPH & OBtHRFIZHBNWTIE, C. albicans IFM40009
125t L, eugenol Tik 1/4 MIC £ D ORI
&> TAMPH @ MIC QX FAED 51, HER
ISERTH B 0[EetE bR SN, ZHUTDNT
X Fig. 4 OFERICE D &, WA R TH S
et dbEA 5N 5.

—7%, C. tropicallis \Z%t L Tl eugenol 12 & % 14
HIEA X clove oil ZNHMAR KD H55<, clove oil
12& 5 AMPH O {Ef H#8581213 eugenol P4 D k5
OGN REINT-. ZDOHE, clove oil H1IZ1X
eugenol X U W EFWE O FED W REMENE 2 5
N5, ZDEHIZ, clove oil il 5= eugenol BEEY)
BHEHAETAHIEILELST, HiBERERYE
2, PUAEME O ZHE U RITEH ORI D7an
LPENENHEI NS RESE BRI N
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