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Abstract — Phospholipids are crucially important in a cell membrane function and could thereby influence antibiotic sus-
ceptibility. In order to investigate the antifungal mechanism the total lipid was extracted from C. albicans treated with citronellol
or thymol in concentration of their minimum inhibiting concentration and the changes in phospholipids composition were ana-
lyzed using ketoconazole as control. The cell growth and total lipid synthesis in cell walls of C. albicans were inhibited by treat-
ment with citronellol. The levels of total lipids were decreased by 35.85% compared to the control. They also showed a
significant decrease in the contents of phospholipid, phosphatidylcholine(PC), phosphatidyl ethanolamine(PE) and phos-
phatidylinositol(PI). As the result of GC assay for total fatty acid methyl esters of PC, PE and PI in C. albicans treated with
citronellol, it was found that the major fatty acid composed of three phospholipid were palmitic acid, stearic acid and oleic acid.
Moreover, the pattern of the fatty acid compositions of PC, PE and PI were changed by the oil. Based on the results, the anti-
Candida mechanism of citronellol or thymol might be closely associated with disrupting the permeability barriers of the fungal

cell wall composition or construction.
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ot Candida 7%, 58 1A A& PC, PE, PI, PS 9|
diphosphatidylglycerol 5¢] ZRI=|gic} " 2 wal 2L
At AR Ha A A3 7 EHE TR 2jole
o} =2 AR palmitic acid, stearic acid, oleic acid,
linoleic acid 591 A& B3¥ u} gJry>

Candida albicanse ZYcse] 5= A0 o2 F77, <l

, 8571, A2 5 AAe ZF Feloll A e W
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Hsl 55 fugith 58] HAAAA AREAIL,
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ABrF W Y= - C albicans KCCM 112822
KCCM (Korean Culture Center of Microorganisms: =1
oA E BE A )OIA B il B 455 yeast
and malt extract agar (YM agar) Bl A]ol] ©]2]3}o] 24-27°C
of|A] wiFet &, Zbzke] & A wjR]o] ThA] EF51 3
A7F w st 2t 5= 8 & UV-visible spec-
trophotometer (spectronic 20)E ©]-83}¢] McFarland 0.5
Standarde} 72 B2 ZAHH #HS AU AL
A oA &3 A3 E Gibeo-BRL (USAYAFS] M199 Y
Z](2.2 g/l Na-bicarbonate Z3HE AM-31%1 T}

Al Z - Pelargonium graveolens”d+ (Neumond, Germany)
2 g% toluene-ethylacetate &7l (93:7)= silica gel column
chromatographyS AAI§ & TLC patternell ©J3ll 771¢] &
g o2 It} (Fr. 1-7). ©|F Fr. 3 #9< glgfe] 2
|| 270 2(93:7)% 23} silica gel column chromatograph
E AAER FRME 1 (76 mg)ye ARtt o] BRL 7} o]
31812 443} GC-MS, FT-IR, ! H-NMR®] DATAS H|al
243 M2 8w B3 A3 787} citronellold] Ao E g
2151 th™ Thymol ¥ ketoconazole- Sigma-AldrichAl
(USA)IIA -f k] ARE-sFSATt.

C. albicans Of L8t DA} &d x| 2 - C. albicans
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ME= medium 199014 FAREAdo] F=2Tt. 12 well plate
o] 7} wellell 37°CS] M199 BRI S 3mPY #53F & oA
243 MIC A5 A& citronellol, thymol, ketoconazole
S AEH o2 H7FEIAT). C. albicansE 37°CoIA] 24717k
vkt 5 wjFolA] 1x10° /mle] MEE FHele] 2}z
AlZ7F A7H M199uiA] ol Z3E8ked, 37°CellA] 64171 wi
&3t 3 AUAO R C albicans NEE FEsI] FAFEA
A a3 FRIEAT

C. albicanse| & X%, AXE H X|&ak 2470 _
Candida albicansS 37°CNA 24A17F vl sk & vl F Ao
A 1x10°/mle] AEE F3l] 0.08 mg/mle] A EE H7}sh
sabouraud dextrose brothHj=]ol] FE38}le] 37ColA 77
HjFsTh. 0, 2, 5, 794 He E wik S i st
o & s &, T4 1Axsl T 576k vlas)
AT

Bk AR 0, 2, 5, 79 He 2 AEE YAF F
gl WHESFHE 33 A& 8L, chloroform-methanol &
A (1) H7is & 943 o /T A7st oA
E50] ¥2]9 chloroform®< whatman No.l 9IX| 2 &
FHlo] A A FZAE ARt XS YA chloroform S
2 FFal 12 AF FEE gt o] FEE5 40°C
FFoM S, Az A T A FFE S50,
phosphatidylcholine (PC), phosphatidylethanolamine (PE),
phosphatidylinositol (P)E 2], 574 3t7] 18] TLCE ©l
43l two-dimension. 2  HINEAT 12 FNE
chloroform-methanol-28% ammonia water 21 (65:25:5)°]
A, 22} A7)+ chloroform-acetone-methanol-acetic acid-
distilled water 81 (3:4:1:1:0.5)°14 ZzF A7AF L. A7)
% TLC plateZ A2 7xA17)3L, dragendorff A2} 2 PC
£, ninhydrin -4 22 PEE, periodate-schiff A|2FfS.Z 0]
&3l PIE @Rlskiitt

o]ojA, PC, PE, PIE d38l= AAte] 47 3 44
FHE GCE #4317 918l 7k Q1A 4S methylesters} 3f
T}, TLC plateZ 58] £2] A7 silica geloll 5% sulfuric
acidE 33 methanol& < 5mlS}l internal standard$l
heptadecanoic acid (Sigma)E 713l 70°CollA] 2417k Ht
SAIZ & WIAA 5755 5miE 7Y n-hexane 2 ml
2 33] ¥tE 32Z3}o] hexaneZ < £83 o2, 33
sodium bicarbonate € 5SmlE 7135l hexaneF=&ES
Z4J3IA1Zt). Fatty acid methyl esterS $--3F hexanes<
#8]3te] 35°C incubaterd| Al S, AZRAIA 2t Q1A A 9]
Z fatty acid methyl ester®] 2 43It}

zb 1A A 9] fatty acid methyl esterS 43}7] 9]3)
Hewlett-Packard 6890 GCZ 48319121, OMEGAWAX"™
250 (Supelco 24136, 30m x250 um x 0.25 um) fused

silica capillary columns AH&-3F3ATE  Injector®] &%=+
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260°CZE 3} 3, temperature program-2 160°Col A 5&7F
FAS ., 210°C7HA] 4°C/min S22 F2A1A 5087
28 & 220°C7HA] 3°C/mine] S22 $2A|A SE7F &
A gt} Split ratior= 10:12 3}tk 2t fatty acid methyl
ester= standard mixture®} H|wEle] QIx| S IS A
RS F 5kt

@n 2 o8

el C. albicansl CHEH TAL B 2XIS2 — Citronellol
T thymols Z}2F MICY 3l Bsle TE2 A8t C
albicans®l A2)&F 5 AL G4 A A=} A= Fig. |
of Yehd vie} o) gix ol gt A E A
e, citronellol (1 mg/mly thymol (0.5 mg/mlyS- ZFz; |
23k A3 FollMe FAPE FAAEA] LUTE

C. albicans A& — 39>l w2} 243} citronellol &
£ thymol& MIC =2l 1 mg/ml 3} 0.5 mg/mlZ 2}z %]
23t & C albicans®] A7l st A= Fig. 201 LfebH
vie} A Ag] o] AlE A w1l A
oA Fgo] A &E]o] wig 7Ull= citronellol A 2] &
thz ol Hlaked 39.58%, thymol A 2] & 48.36%2] 7+
2x&0] YeRT) 2 Kketoconazole 2| 2] M| EZAAL-
HiE717E B2t AREA 0 2 AMM3] Frtele FAIE BIAS
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el S-Stz w3 v A 34.42% A
HATS & UATh

& X|gfo| s} — Citronellol 2 thymol *]2] 3 wjk
o W& C. albicans & AEW ZF 2] g wstel] o
g+ A¥= Fig. 30 veRd vke} vk 5 Ao gheke vl
& 299 iz o] v 0 E Tt 40.63% S 7HSE WhA
citronellol, thymol 2] FollX= 23]8 A7} vl s
Aol Zkz} 11.72%, 17.19%% Z7F8I9.2u) vz ol H]s}
of A8 W &S UESITE v 7ol i
oM e & Ao gEFo] 4.17 + 041 mg/g (wet cel)SE
v 5YHET} 87.00% S7FATE WA vl 794 citronellol
E= thymol A g] 9] T AW 2 2tz iz 9
32.85%, 41.97%°l siFeh= Fo= AA T Ae] ¢4
A3l dido] UEeRAt) 3HH ketoconazole A2 -2 v 7
oA T AL i 9] 41.97(%)00 Bshs &
o7 T A ol JAENTE & T UM

OIX|&lo| &S| — Citronellol == thymolS- *]2]3}
HiF & F29 QIAF A #2] ¥ phosphatidylcholine
(PC), phosphatidylethanolamine (PE), phosphatidylinositol
(PD®] §HF wWstol gt A3t= Table 19 YERA npe} 7+
T} PCO] e wig71ZE EoF i Follxe wi g A%
Y (day 0)°ll wet cell 71 0.339 mg/goll Al vl 7
1.025 mg/g wet cell2 2HH31A S71E WEH citronellol 2

4 5

Fig. 1. Hyphal formation of C. albicans treated with ethanol (20 pug/ml, 1), tween 80 (2), citronellol (1 mg/ml, 3), geraniol (0.5 mg/

ml, 4) and ketoconazole (16 pg/ml, 5).

Citronellol Thymol Ketoconazole
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Fig. 2. The effect of citronellol (1 mg/ml), thymol (1 mg/ml) and ketoconazole (16 ng/ml) on growth of C. albicans.
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Citronellol Thymol Ketoconazole
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Fig. 3. Changes in the amounts of total lipid (mg/g cell) in C. albicans treated with citronellol (1 mg/ml), thymol (1 mg/ml) and

ketoconazole (16 pg/ml) during the culture.

Table 1. The amounts of each phospholipid (mg/g) in C. albicans treated with citronellol (1 mg/ml), thymol (0.5 mg/ml) and

ketoconazole (16 pg/ml) during the culture.

Day Control Citronellol Thymol Ketoconazole
A. Phosphatidylcholine
0 0.339 + 0.022 0.339 + 0.022 0.339 + 0.022 0.339 + 0.022
2 0.488 + 0.019 0.366 + 0.048 0.366 + 0.003 0.354 + 0.110
5 0.776 + 0.063 0.443 + 0.000 0.475 + 0.051 0.341+ 0.097
7 1.025 + 0.121 0.449 + 0.003 0.522 + 0.105 0.294 + 0.050
B. Phosphatidylethanolamine
0 0.276 + 0.010 0.226 + 0.010 0.276 + 0.010 0.277 + 0.010
2 0.330 + 0.008 0.252 + 0.018 0.268 + 0.026 0.295 + 0.177
5 0.419 + 0.012 0.316 + 0.083 0.331 + 0.045 0.308 + 0.076
7 0.708 + 0.084 0.322 + 0.045 0.386 + 0.049 0.257 + 0.020
C. Phosphatidylinositol
0 0.107 + 0.035 0.107 + 0.035 0.107 + 0.035 0.107 + 0.035
2 0.119 + 0.002 0.094 + 0.024 0.106 + 0.016 0.110 + 0.035
5 0.161 + 0.017 0.103 + 0.017 0.117 + 0.050 0.108 £ 0.039
7 0.196 + 0.010 0.105 + 0.009 0.147 + 0.007 0.103 + 0.037

The results are given as mean£SD (n=3).

thymol *2]* & Wsl7t 79| gloprt vk 799] gHaol
7}7} 0.449 mg/g, 0.522 mg/gC & T ol H]g| o]& A
T oste] PCR/ol AT JAHIES & - UATH
PE®] 3ollM e HslE YeEllet tix -2 w717k
FoF ehksA £71E 9L citronellol B thymol *8]
o] ghao] ek 7ol zFzb 0.322 mg/g (wet cell), 0.386 mg/
g (wet cel)Z Tz 2ol Blate] A3 A& do] et
PES] Aol ol& A5 gFo] AZHIUTE w77k
<t Plo] &5k Ulx 3 citronellol %5+ thymol *]2]<*
B ek 27 49 ) HoE "sht gidleu
Uz & A& ol esiA F7H=E10 4 citronellol
Y= thymol 2] & A ] ¥shr}t gllew i 74¢]

ShFo] tha ol Hlste] #A g AA|do] vERrt PIGA|
ol& Aol ofst o] AAlEE & AUATH

OIX|&le| X|dHt =M — Citronellol &= thymol *]&]
9] PC, PE, PI¢] A1t 2433} 93 HskE iz «+3 v
33} Table II- VIO 2z YERIATE. C. albicans MAEZ
T F29 QXA =8 AAk tix 3 citronellol,
thymol # 2] E5-ol A palmitic acid, stearic acid, oleic
acid ® linoleic acid?] A= FRI=ATE 2t 2 A%
chol gheFa 28wk 717k} U AR wie} thd
< YeERAATH

Table 1ol A2l nvle} 7ol PCO] AWk AL Tz
A A= v %719 palmitic acid 32.41%, oleic acid
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Table I1. The composition of fatty acids in phosphatidylcholine (PC) of C. albicans
Duration of culture (days)

Fatty acid 0 3 5 5
A. Control
Palmitic acid 3241 £ 0.98 4950 + 0.36 32.49 + 0.15 30.62 + 0.08
Stearic acid 6.15 £ 1.24 12.84 + 1.07 22.60 + 0.18 21.85 + 0.01
Oleic acid 41.66 £ 0.24 16.66 + 0.15 34.19 + 1.82 25.60 + 0.12
Linoleic acid 12.02 £ 0.76 3.83 £ 0.16 1.29 £ 0.55 2.70 £ 0.11
. Citronellol
Palmitic acid 32.41 + 0.98 41.51 + 0.89 54.44 + 0.52 43.70 £ 0.59
Stearic acid 6.15 £ 1.24 2543 + 0.37 19.04 + 0.29 9.55 = 0.02
Oleic acid 41.66 + 0.24 29.02 + 0.47 12.27 + 0.18 32.43 + 0.69
Linoleic acid 12.02 + 0.76 1.07 = 0.36 1.31 = 0.22 1.52 £ 0.23
. Thymol
Palmitic acid 32.41 + 0.98 39.21 £ 0.15 47.74 + 0.05 32.08 + 0.47
Stearic acid 6.15 £ 1.24 11.84 + 0.28 22.09 £ 2.15 23.30 + 0.19
Oleic acid 41.66 £ 0.24 24.19 + 1.07 17.78 + 0.23 25.85 + 0.10
Linoleic acid 12.02 £ 0.76 142 £ 0.88 1.18 £ 0.14 1.81 £ 041
. Ketoconazole
Palmitic acid 3241 £ 0.98 46.55 + 0.47 56.96 + 0.08 41.18 + 0.39
Stearic acid 6.15 £ 1.24 11.63 + 0.14 18.31 + 0.13 5.06 = 0.19
Oleic acid 41.66 + 0.24 28.49 + 0.52 23.21 £ 0.36 21.90 + 0.49
Linoleic acid 12.02 + 0.76 1.19 + 0.08 1.31 = 0.12 1.35 + 0.24

Unit: mg/100 mg total fatty acid methyl ester of PC
The results are given as mean£SD (n=3).

Table III. The composition of fatty acid in phosphatidylethanolamine (PE) of C. albicans

Duration of culture (days)

Fatty acid

0 2 5 7
. Control
Palmitic acid 4747 + 8.50 4295 + 1.17 40.20 + 10.99 37.54 + 3.32
Stearic acid 14.42 + 3.06 25.76 £ 3.51 2233 +£ 1.51 14.14 = 1.17
Oleic acid 36.72 £ 0.23 1239 + 0.81 17.33 + 3.96 24.00 £ 3.39
Linoleic acid 1.09 + 0.04 2.07 + 0.41 2.07 + 0.18 6.50 = 0.50
. Citronellol
Palmitic acid 47.47 £ 8.50 50.85 + 3.25 47.19 £ 3.96 51.03 + 3.98
Stearic acid 1442 + 3.06 10.78 + 2.62 3291 + 3.26 6.50 = 1.70
Oleic acid 36.72 + 0.23 13.23 + 4.00 13.85 + 3.64 23.53 + 4.67
Linoleic acid 1.09 + 0.04 217 £ 1.32 495 + 1.40 13.84 + 5.04
. Thymol
Palmitic acid 4747 £ 8.50 64.88 + 6.47 46.01 + 3.08 31.99 + 1.13
Stearic acid 14.42 + 3.06 24.77 + 4.53 29.10 + 0.56 18.28 + 1.20
Oleic acid 36.72 + 0.23 6.08 = 1.30 9.73 £ 2.54 26.53 + 7.82
Linoleic acid 1.09 + 0.04 2,01 = 1.04 1.24 £ 0.15 1.66 + 0.29
. Ketoconazole
Palmitic acid 4747 + 8.50 53.23 + 1.80 59.36 + 1.83 30.46 + 9.06
Stearic acid 14.42 + 3.06 27.20 + 2.30 15.74 + 3.77 5.33 + 3.28
Oleic acid 36.72 £ 0.23 1633 + 2.08 2191 + 0.67 27.30 £ 1.59
Linoleic acid 1.09 + 0.04 1.36 = 0.39 1.09 = 0.10 728 £ 1.74

Unit: mg/100 mg total fatty acid methyl ester of PE.
The results are given as mean£SD (n=3).
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Table TV. The composition of fatty acid of phosphatidylinositol (PT) in C. albicans

Fatty acid Duration of culture (days)
methyl ester 0 2 5 7
. Control
Palmitic acid 61.31 + 36.08 59.22 + 4.66 59.41 + 7.13 6521 + 5.48
Stearic acid 25.17 + 14.01 24.16 £ 3.17 19.81 + 5.73 20.75 + 1.34
Oleic acid 442 + 0.75 11.00 + 1.40 13.14 + 3.37 10.90 + 0.43
Linoleic acid 1.01 + 0.07 4,66 + 1.88 3.31 £ 0.30 2,65 + 0.46
. Citronellol
Palmitic acid 61.31 + 36.08 61.80 + 2.97 66.19 = 4.87 7234 + 5.57
Stearic acid 25.17 + 14.01 2295 + 3.60 10.00 = 1.17 18.96 + 5.15
Oleic acid 442 + 0.75 12.39 + 1.71 7.98 = 2.48 1.85 £ 0.21
Linoleic acid 1.01 + 0.07 2.08 + 1.81 1.43 £ 0.28 1.12 + 0.40
. Thymol
Palmitic acid 61.31 + 36.08 6527 + 5.76 59.48 + 1.20 63.35 + 47.24
Stearic acid 25.17 + 14.01 25.51 = 2.51 28.34 = 1.26 27.46 £ 2.45
Oleic acid 442 £ 0.75 8.26 + 3.32 10.63 = 1.89 5.85 £ 0.57
Linoleic acid 1.01 + 0.07 0.69 + 0.30 1.01 £ 0.29 1.34 + 0.54
. Ketoconazole
Palmitic acid 61.31 £ 36.08 6524 £ 15.17 58.16 £ 5.63 60.71 £ 20.50
Stearic acid 25.17 + 14.01 27.60 + 7.43 20.54 = 1.32 24.57 + 6.80
Oleic acid 442 £ 0.75 240 £ 0.94 10.80 + 1.53 10.54 + 2.63
Linoleic acid 1.01 + 0.07 1.10 + 0.20 2.84 £ 0.87 1.70 + 0.48

Unit: mg/100 mg total fatty acid methyl ester of PL
The results are given as mean£SD (n=3).

41.66%, linoleic acid 12.02%7} & T4 A|Hiko]l o}
Y 2ol = palmitic acid®} stearic acid®] &&Fo] z+z}
49.50%, 12.84%= 04 HCT} S71E ZAo = Hol o] F Z]
Wrte] 121 el o] Hlom, vlieF 5Uell= stearic
acid®} oleic acid®] ko] Z}z} 32.49%, 34.19%= vi% 2
AT} F7HE Z0F Hol o]F o] QIXA 3 g o]
Lo wieF A7l mE 2L 2/do] ThEA el
Citronellol, thymol #12] A= A] vjYAl 7)o me} ok
2A vebd=dl wleF 249] palmitic acid, stearic acid®] ©]
|-8o] Zolx o 5= palmitic acid®] ©]-&&°] tx
THTF =8 v oleic acide & R FA| o] &%
o} o]9} ZFo] wi%k 243} 5Uf= o] &H F8 A4k
i3 3 Ag] ellA 22 e 2 HES UES
HjFz7|9} @70l 2| E % A Zpo|7) UAATE widE
719l o] &= A9 linoleic acid T2 Wi 2UHE] w7
7ro] s Ao ZHN o] 8HA] eF2 Ao® Y
St

Table 1I°] 2% vt} 7Ho] PES] A4t 2402 vl
%719 palmitic acid 47.47%%} oleic acid 36.72%7F 52

A PAto| =t B 229+ stearic acide] ©]-&E°] &7}
wo] At 2/d9) WskE vt wie 749l linoleic
acid®] o]&&°] Z71E 3L oleic acid S Wi 5YH T}
718 2 M palmitic acid 37.54%, stearic acid 14.14%,
oleic acid 24.00%, linoleic acid 6.50%=. A o] th¥s}Al
2=}, FHA citronellol A 2] ol A vk 2 o] 2}
AF 2de AvRA iz ol Hlel palmitic acide= S8}
3L, stearic acid®] H]&-0] Yobx], Q1A & FxeA ol o]&
H A ako] tEA BAFE oW, 7Yl = stearic acid7t
722813l linoleic acide S7Fste] Al F8 A it 2744
o] ttZA yversttl. Thymol # 2ol M & vl 2
palmitic acid®] H|&-2 718}l oleic acide 7H4ax3F3laL,
w2 7Y linoleic acid®] H]E-2 Tz | H]s)] 714318}

Table 1vell 2] vle} 7Fo], PI2] = A4S palmitic
acid®} stearic acid= &1 FAL, 792 A w7t 4
%], £-3| palmitic acid= 3 oA 59.22-65.21%, *1E]
oA 58.16-72.34%% TR X|bAkol] Hls] 2=AdH] 7T S A
A =k, citronellol ] 2lol ¢l = =781,
thymol 3} ketoconazole *]2] Aloll= ZH4:3}$ T}, Stearic
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acide 28] 3 tix FollA] Mgk 2AJH|E YERAT
Oleic acide Wz 3} citronellol 2] oA vl F 2Y
ol A S7IsI o Wb thymol A2 EellX& 2
sl 7HAsksich

olte] Az FoeHA, £ wiodlAe A8 &
Candida 248715 1838171 flsted, A-F4E 5 t3E2]
o1 & Zlgt AJ¥ol &3l= citronellol?} thymolo]| <+ A 3Z8}

o A= YIS At A3}, o]E0] C albicans®] dA}
A5} 0];(]11 AL o ]O]__‘J—L ;(]H]—}\]- AL tl:]§1r/\]71 e}
golst el ek vl EAZ A3 ketoconazole= X
A E9He] ergosterol A Aol 7F = A-8714%1 Ao g
A dovt, 2 A A, QIXA e Fiol whet ¢ €]
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