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Inhibition of Candida albicans Biofilm Formation by Coptidis chinensis
through Damaging the Integrity of Cell Membrane
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Candida biofilms are organized microbial communities growing on the surfaces of host tissues or indwelling
medical devices, and the biofilms show enhanced resistance against the conventional antifungal agents. The roots of
Coptidis chinensis have been widely used for medicinal purposes in East Asia. The present study was aimed to
assess the effect of C. chinensis aqueous extract upon preformed biofilms of 10 clinical Candida albicans isolates
and the antifungal activities which contribute to inhibit the C. albicans biofilm formation. Its effect on preformed
biofilms was judged using XTT [2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide)]
reduction assay, and metabolic activity of all tested strains was reduced significantly (57.3 + 14.7%) at 98 pg/ml of
the C. chinensis extract. The extract damaged the cell membrane of C. albicans which was analyzed by fluorescein
diacetate and propidium iodide staining. The anticandidal activity was fungicidal, and the extract obstructed the
adhesion of C. albicans biofilms to polystyrene surfaces, arrested C. albicans cells at G,/G; as well, and reduced the
growth of biofilms or budding yeasts finally. The data suggest that C. chinensis has multiple antifungal effects on
target fungi resulting in preventing the formation of biofilms. Therefore, C. chinensis holds great promise for
exploring antifungal agents from natural products in treating and eliminating biofilm-associated Candida infection.
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Candida albicans+= 7A7}3t AlgHe] Aut A Ao 2 A, Azt
o Aol ARAY " Yo] I3tE FAA =AY T ES
i e E Sl A4 ERAdS stk 713
H+o]tHOdds et al., 2001). Candida sp.~= B ZFHQ 9
ARJNF 2 A, JEFH A ZHY 90% ©14] C. albicans,
C. glabrata, C. parapsilosis, C. tropicalis, C. krusei® 7]13}aL
9T ANH A|TiZo] o3t AFHES 40% ole] o]21 9]
th(Pfaller and Diekema, 2007).

C. albicans'= % 240l WYL} 47e] ol712& 5
A sk S4UAE 7R dE At E HYd e
24 ol50] AL BB E 43 Aul TR HaRS o)
Noke theFet RHALZRY B, DAY AR e
AR om0 45 Feust 5, volouE F4sd, ofn
o2 EAF gl B § 4 phospholipase$t 22 714Eal &
o] Fu, §RIB) e ¥H84 5& 5 4 UrKCalderone

*For correspondence. E-mail: ykim@semyung.ac.kr; Tel.: +82-43-
649-1346; Fax: +82-43-649-1702

and Fonzi, 2001; Haynes, 2001).

C. albicans®] F23F ZAJQIRZE AR = vlo| 2T E FHA]
Y2 AETH AV HYESH £H 2vg-E P45}

&35 AA1Z 4 UthDouglas, 2003; Ramage et al.,
2006). AHjtha-2 2 X3} YESTHE, 7HHE, 3, 23]
B, AT HET 22 Ao AdE o=wr]et TRl Jle
o, o|& 7|7= At} Hio]| B E Aol gt 71d = 288
4= AtH(Chandra et al., 2001). Blo] @ B2 ATjTho] 24X 2
Zhg5to] 5320 HAAAE 39 sta o2 BN 25 E Y 7
7 oA = YESHA st FAAA Y A =of| = W&
B =& 5}7] wjizofl(Chandra et al., 2001) 2§22 F2<A)|
9] A&AQ AN oA SkaL Qlth E& C. albicansol] 23}
FE L] Agho] vio| e IE9 AT THo| e AL
2 1 356} ¢Jth(Blankenship and Mitchell, 2006).

AR AR JAFFY A 7ol A== FAAAE= 2HE- =7t
Ugo| wat Mzt 7)59 H3Hamphotericin B), DNALt
RNA g4 9] A3l (flucytosine), ergosterol AEHAI 2] A 3fj(azole
[fluconazole]), glucan E4J2 A 3fj(echinocandin [caspofungin])
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3= Y] 71 2 R2 UE 4= th(Perea and Patterson, 2002).
A =4 A7 J39 2| Bofl= A A|229te] ergosterolof 2
ot= gz EH |4 B 22 Az polyeneo] AREE S,
F|oll= v A Algo] 80|38t azoles A B Q] FAAFA7} =1
o X 2ZA 2 8] AMEE L QITH(Oliver et al., 2008). 121 21
T A 2 B} T Eo] At A BHEHQ] Ao
2 3t WA #59 &3, Candida?| 7 H3lo] i3t Hojt
A3, 4§ FA A9 Azt H2g- 520 & 18] Candida
Aol digt A2 23 4R 2 Aot gaba] 540l W
I X7 5t 2 22 FAFA Y o] FAsHA 2
H2 Qrk HE BHHARI v BE A Aol gt Ao
2 O JAECNA 719 BjbEo] ARtEY F5& &1
Q=T 1 olf= ol FESC] AR Aol gk A= ¢
AHRS 93 o JAF Bt iz a oz da] AhgE o] ¢kdst
thal o AR]7] W&ot Guarrera, 2005). Z2(Coptidis chinensis
Franch)-& n|i}g]o}A) ]2+ Ranunculaceae) o)) &3= Tt =
Hogx o] AE9 FAHEL isoquinoline AE alkaloidQl
berberine™} palmatine, coptisine, berberastine S-(Ikuta et al.,
1984)0]H, o]& = berberine2 &-2-&(Ghosh et al., 1985),
&g = Z2(Kuo et al., 2004; Talhouk et al., 2007), =4 v}
9l &3 3122 (Sabir and Bhide, 1971)2, palmatine-2 A% ¥
FE-APBF &) YTt BT 7|5E 7R E A0 R BiEo
QtHKim et al., 2009).

£ A C chinensis®| 873 FE55°] AYths &A=
25E o9 vto| e AE FA4 YA Candida Tl A3l 9=
3} Hfol o WE 28 Vel o, o|Fst %8 0| C. albicans®)
AES} 7|50, ARFE B4 18T GyGolH Sz HEF
7] QeiAer PE Ba mutel Belo] Yo XTT &
YEAH, fluorescein diacetate2} propidium iodide ©]F FAY
W, time-kill assay, A|2Z57] £4& &3l A+ttt

WEETTE

MERSE

AzH 3=(C. chinensis)®] ¥E]E jchanbang.com©]A]
3Tt 30 g2 S 600 mlQ] FHrof Hol 147 53t
2 5 2417 5 BT 2,000%g2 2087 YAIHLIT T AF
HE AT EF7I2 5FA7]12 s2Axs ] F9 584 5
=E 6.1 g2 AUtk BRI 584 FEE(0I8t C. chinensis
580 2L 50 memle] FER ZR%0] 291 5045 yum

filter= o T}sto] ARG H7H2] -20°C of] Haat .

Mool mr

oF A i

Candida albicans (KCCM 50235, ATCC 18804), C. glabrata
(KCCM 50044, ATCC 2001), C. tropicalis (KCCM 50075, ATCC
750), C. krusei (KCCM 11426, ATCC 32196)= =AY E HE
A E](Korean Culture Center of Microorganisms, KCCM)oj| 4] £
oF o} ALL-8}Th C. albicans (KCCM 50235)= Hlo| 2 HE
AHES AL BE Ao ARE Y eH, T o5 SRR E

E25 10 C. albicans @3 vlo]| 2 LE Ao ARLE QT
(Park ez al., 2009). BE w5 -70Co| Bl LaA|
YM agar T= YM A ul| K] o] A AltHulF = ARR-5}S T}

Z|A AxlzE(Minimum Inhibitory Concentration, MIC)

PR A HARE CLSI M27-A3 m]=Fs|A9(CLSI,
2008a)0| whe} 4=843}9 0.1 MICE 7o) dA 3] FAaElE 7}
B we BEe AYaih MICE 33l9] 24 % 243 23]
UASIAY 33 F 7P =2 a2 Qi ¢ 2o
amphotericin B (Sigma, USA)E Z A Fit}

HIO|REE &HMT} C. chinensise| EHIO|RLE &M =X
AT ThE Fxtol| A Bt 10 C. albicans F-320l gt =
719] vl FN-S& 5% glucose”} 217} Yeast Nitrogen Base (YNB/
Glucose)ol] H= 1 x 107 cells/mlE 3]433}4t}. Flat-bottomed
96 well plateo]] 3]AME ZkZF 0.1 mIR @3 37°CojlA 3A7+
vjeFste] C. albicans7} vio]| @ A& F/dsHA st 24
Blo] anE A AL YNB/GlucoseE 7 & &4 =4S
3x35}8le] C. chinensis7F 28 0.2 ml2] YNB/GlucoseE Z+
wello] o] Z27|A| Blo] @B Fof| tjgt C. chinensis FZE2
A ETE ZAIT FE=7F-FA == 27004 2447 B2t
37Col|l A ¥EZAIZ] = vfo| @ I EO] &S XTT A
(Ramage et al., 2001)°] W&} 234313t BE AH-L 4701% 33]
EA85t vlo|E= 33 AE 59 shhE vEhdth

C. albicans?| Z3|AElM BH HEtof| st C. chinensisQl
gt

4=719] C. albicans ATCC 18804 ujjofH2 YNB/Glucose
o 2% 1 x 10’ CFU/mIZ 3|43} t}. Flat-bottomed 96 well
plated] vjFHE 0.1 ml Yar 37CoA 3A7F wijgste] C.
albicans7} vlo| L BE-L FAASH sttt FRdHle ang
ZAAHA A A3 YNB/Glucose 2 i & 24 |22 X
3+51o] C. chinensis7F & 0.2 m12] YNB/GlucoseE Z}F well
of| Yol 3X|7ka} 24 X7t Fof| E{AZE ZHAFHA AAT &
Zelagd o] AR . abicansE AL Wn)A
(Olympus, Japan)S Z3f £43} .

Time—kill curves

9| C. chinensisE 9L % 37°C, 200 rpm .2 & vjofatsct.
AR A|7Hbeh 100 plo] vjklS A2 BEH 271 & 20
% ol wiksto] B0l A7 A3E ARE Relalch 25
T2 AFs] A% 5 34 100 S YM agar plateo] =%
Sto] 37CollA 20417k iRt - ko] 248 71 Hsck. 2
Fpof] Wb F2he] 4= quadriplicate 2 &HE Ad F shus
Lepdch



Table 1. Inhibitory activity of the C. chinensis extract against
Candida spp.

geto] Ricichlo| L BE B 19

Table 2. The effect of the C. chinensis extract on the metabolic activity
of preformed C. albicans biofilms, expressed as percentage inhibition

Concentration of C. chinensis (ug/ml)

Candida species

C. chinensis Ampbhotericin B
C. albicans ATCC 18804 98 0.25
C. glabrata ATCC 2001 25 0.13
C. krusei ATCC 750 49 0.25
C. tropicalis ATCC 32196 12 0.13
C. albicans 08 ND*

(clinical, n=10)
The MIC endpoint is based on visual determination using turbidity levels
according to CLSI M27-A3 protocol. ND, not determined.

FUN—1/Calcofluor white A4

H4=719] C. albicans ATCC 188042 YNB/Glucose®] %%
2 x 10° CFU/mI& 343}t &4 22 3tste] MIC9]
C. chinensisZ 2|3+ & 37C, 200 rpmoj|A] 3X]7F S¢F 2=
HjFetgitt. 1 ml] wjkelS 5,000xg= 187F YA Ea] st
34513 PBSE 3 ¥ 50 pl PBSE #AsHA STt Al=AL
(Molecular Probes, USA)o||A] A|&st= W o w2} FUN-1
(20 uM)T} Calcofluor white (25 pM)S Yo A29] kAo A]
3087 FAUSH 5 triple pass filter7} A2 333 0|73 (Olympus,
Japan) .2 IS4

Fluorescein diacetate/prodidium iodide A

th4=719] C. albicansE 2 x 10° CFU/mIZ 3|43t 3 24
ZTE 3§81l MICQ] C. chinensis 584 2&2E58 AT
o] 37°C, 200 rpmollA] ZHz} 3A17 T}k 6417 B9k K5} k3]
t} 1 ml9) vjFHS 5,000xg2 187 PAE 51 A5
AAZ & 100 ul®] working solution®2 HAELS l_",—‘?&l:}
Working solution> PBS©] 2 ug®] fluorescein diacetate
(Sigma)@} 1 pg 2] propidium iodide (Sigma)E o] £H|5FRth
(Jones and Senft, 1985). AF20]| A 387t At & triple pass
filter7} F2He FFAn)F-& S st

I°¥R—?ﬂ=‘é

C. chinensisOf 28t MIZF7| Hs}

4=719] C. albicans ATCC 18804 HHOle,J(l x 10° CFU/ml)
of| C. chinensis 84 FEZE2 A2t 3 37 CofA 200 rpm
o2 e ujestant 1A7k 3A)7F & 242} | mlEll v ko2
5,000xg2 187t 425t H|ZE 343 & PBSZ 3
2tk 1 mle] 4°C ethanol/PBS (7:3)S ‘{-;‘3_ -20 Colllﬂ 158 o]
A} 713} A LS permeabilizationA] 1 th. 0.5 ml1&] PBSZ
3 & thA] 0.5 mlQ) PBSE Y1l 22 =% 200 ug/ml RNase
A (Sigma)E g3t 50C oA 147t §EGAIZ] &, DNA ¢4
2 93 50 pg9 prop1d1um iodideE @11 3087t o] & Lo
£OlE & Muse ™ Cell Analyzer2 £33}t

Germ tube &Y

C. albicans (1 x 10° CFU/ml)7} Z&= 0.1 ml2] fetal bovine
serum®]| 10 ul®] C. chinensis 4873 —’F—gg»%. g0 % 377C o
A 3AX]ZHMackenzie, 1962)3}+ 18A]7F =<1 vljokalH Tt YAF=}

C. albicans Concentration of C. chinensis (ug/ml)
clinical 196 98
isolates Inhibition (%)

1 84.8 +1.8% 80.9 + 4.3**
2 81.5+ 1.7%* 752 £7.2%*
3 58.7 & 1.3%* 52,7+ 7.1%*
4 71.5+£2.3%* 57.4 + 4.4%*
5 60.3+5.7 31.3+£4.1%*
6 69.5 £ 1.2%* 64.9 £ 5.9%%*
7 60.8 + 1.6* 59.7 £2.3%*
8 65.0 £ 5.4%%* 40.7 £ 3.8**
9 61.6 £ 6.2%* 51.4 £ 6.4%*
10 59.5+0.7* 58.7 £ 1.6%*
Mean 67.3+0.7 573+ 14.7

Metabolic activity was assessed using the XTT reduction assay measuring
the absorbance at 492 nm. Inhibition percentages were calculated as
100%(1-As9r with C. chinensis/Aaso, without C. chinensis). The differences
in the optical density (mean + standard deviation) of individual biofilms
incubated with C. chinensis extract and control values were calculated
using Paired Student's t-test, and were considered statistically significant
when p-value was <0.05. The experiments were performed three times with
four replicates. * p<0.05, ** p<0.01.

Arl7E& 53l germ tube FAol Tt C. chinensis 874 =
=9 avs WA

I

SH=EA
HEAEL2 B33 BhESIE oM SARA L ttest 2, T
E719] 2}o]= Paired t-testZ SigmaPlot 10.02 o]-&3}o] £

0

Asisick. pgto] 0.05 ulgk W AR O folg AR sk
ot
473 o
AYcra3Fel 8 YA C. albicans, C. glabrata C.

krusei, C. tropicalis®l| W3t C. chinensis -84 FE&59] &2
o 2/ CLSI M27-A3 u]g3] AR o) &Jsf £4]5}{th(Table
1). C. chinensis®] C. albicans ATCC 18804¢] tf&F MIC:= 98
ug/mle|ar, Ao o]83t FE45 C. glabrata, C. krusei,
C. tropicalis©l] Bt MIC Z}%= 25 ug/ml, 49 pug/ml, 12 pg/mlE
et AAE amphotericin BQ] MICQ} v|w3ichd C.
chinensis —.—9-/H 259 Candida sp.°l| gt MIC ZF2 2F 90
4008 =& $=2& JElyou 671K Candida sp.2l C.
albicans, C. glabrata, C. guilliermondii, C. krusei, C. parapsilosis,
C. tropicalis©] o3t 237}4] 2kzx9] MICZLo] 0.1-0.5 mg/ml
(Rukayadi et al., 2008)0] 11, 871X A&EFEE2] C. albicans2}
Aspergillus niger©] ©j3t MIC7} 0.5-0.9 mg/ml (Mathur et al.,
20112 A3} v|w3HHH, C. chinensis 84 2259 R
e vy Sha Ao ek ATTE Bl 2
23} 10 C. albicans T-3°| &t C. chinensis 84 ZZE9]
MICZ} E3F 2 C. albicans2 A-H C. albicans ATCC18804
o} m = =%t 98 pg/ml-S LEFHATH Table 1).
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C. chinensis

No treatment

Fig. 1. Effect of the C. chinensis extract on cell adhesion. (A) C.
albicans biofilm formed on polystyrene surface was incubated
without (A and C) and with 98 pg/ml (B and D) of the plant extract
for 3 and 24 h, respectively, and washed with PBS. Microscopic
images of the adhered cells are shown. Bar, 10 um.

th2-o] A3 o)A 10 C. albicans YAED] FF50| 3X |75
ot P vpol e Eof| el C. chinensis 87 F289] Ht
o] AE AARIE XTT TLH-Z o|-&35t AR =R A}
SHATE 24A7F B8 C. chinensis 250 &% Hlo|LIE
2 MIC (98 pg/ml)of|A] 57.3 + 14.7%, 2MICO|| A 67.3 + 0.7%
O] A =7} A E| AL, Paired t-test2 2418 o 27£3}2]
2ol giREe] FFA 95% Et 9% TEoA F4dS
ebth(Table 2).

C. albicans®] Z8]2gd FH FZ}o|| gt C. chinensis2)
FES ot 7] ) 3A7E 5 FAE C. albicans vio] 2
ol C. chinensis 873 25 X3t T vlo|eFE A
A ETHE 22} 3A1703 24412 Foll A Aol A B 24
St{ch(Fig. 1). Fig. 1Bol] EAX= HRel o] 3A7H9] C.
chinensis A2FFO R = Hlo] @ I Fo] AFs| AAE AL T
g 4= A%, 24A)7F 59t C. chinensisol] =% vlo]PE2
7S B2 N2z AdA vlgo] FXN R AL I
Q1 th(Fig. ID). A|327} B2t REE 249 N252 A7
3t AIZS2A] vigtol & B2tE o] 331 oA WEEUAT
C. chinensis &5 &9 MNEZEL F2JH7F 4] &ot
OFZE YhaL 2| o] E= AL 1T £ A8t 53] Fig. 1
O ARl B FHEEL|= o HATh G dn g o R TS
o] 2ol e EstA FF ol Al A3 (vacuole)E ¥
2 = il o, A FoAE 2E7F Z BolR] GAL &3
ol & Tz R] g9ttt o] £X 9 ERle W2 =&l dF
=o] glom Tt a i g TRkl glo] FEAIEY glo]a
Z(lysosome) o] FE= Ao2 LA JQrtH(Wienmken et al.,
1979; Gow and Gooday, 1982; Baba et al., 1997; Isola et al.,
2009).

C. chinensis 8% FE58 41 v|Y43t C. albicans®] A
7reiE A& ZiA|of] Tk colony count A% Al3YsHST

A7t Z%t C. chinensis®l| xZ% C. albicans?] FJZEL 3.07

©
N
S

©

—8— No treatment
—O— C. chinensis

~

80

=)
@
o

o
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o

IS

Log viable count (CFU/ml)
S

w
o

0 5 10 15 20 25 0 5 10 15 20 2t

Incubation time (h) Incubation time (h)

Fig. 2. Time-kill curves for the C. chinensis extract and relative
viability of C. albicans. C. albicans cells (2 x 10* CFU/ml) were
incubated with shaking in the absence and presence of C. chinensis
(98 pg/ml) at 37°C, and a colony count assay was used to determine
the candidacidal activity of the C. chinensis extract against C.
albicans. Error bars represent standard deviations (n=4).

+ 0.49%0]Q31, 22A7F T2 AEEL22.80 + 0.02% = 98 pg/
mlQ] C. chinesis &4 FZ2EL2 C. albicans©l T3l 2F 97% 2]
AR B4E U th(Fig. 2).

C. chinensis 8% 3&E9| C. albicans A|Z9] v|X= &3}
E TS g8l 3A7 5% 84 FEE =29 C
albicansE FUN-13} Calcofluor white 2 FA] o] GAA]A triple
pass filter7} A2+ LHu| 4L E3) 251} Calcofluor
white= AEZ e A0} 7|l A¥shs EREA A BV A
RO AEHS Yo weke] Yoz GMAIT FUN-1L
RS B2 4 G WY probe Al A O ket &
2= Ao H2 CIVS (cylindrical intravacuolar structure)
= YR ekMillard et al., 1997) Z& AL |ZHL g2
G0 PFor GHATIER AR o thAlet &G EE T
A57]o] Aotk 5] CIVSE Amato] L5k thArEy
o] FAEE Aolsle AlEZAT B/J= ] (Henry-Stanley et
al., 2004), Sroll A AF3 gto]&E o2 oA Fig. 3A0] &
AR = Hiel Zo] tfx+te] @u)3E on|A= FAdH <l Eot
FHE Ui glom 52 MY Nl ZY CIVSE BojFe =
A olF M7t tAE o2 ghirgh Aolgl= AlZUE AAFRE
t}. C. chinensis Z5-2 A3t AL (Fig. 3B)S T3 9

(A)

No treatment

Fig. 3. FUN-1 and Calcofluor white double staining. Microscopic
images of C. albicans cells stained with FUN-1 and Calcofluor
white viewed by fluorescence microscope. (A) Viable C. albicans
cells with characteristic orange-red CIVS inclusions; (B) C.
chinensis-treated cells. Both live and dead yeast cell walls were
stained with Calcofluor white. An arrow indicates yellow-green
dead cells. Bar, 10 um.

C. chinensis



HEAS tehhis AZ7 BT B Aol CIVSE Thiehs
A A R0z M7 BAR o] 4B AL 3X712)
C. chinensis l=Z9| 93] @& C. albicans7} 01732 &1t 4=
Ut

Fluorescein diacetate= &332 25}A] Q= H|SA 9 ester2
Al M|z Faksto] Aot gl A|EZW 9] esteraseo] 23| 7h=
B3 z]o] fluoresceine A3} Fluorescein &= 9] &34-2
et SA4Y JFEEA Az9E & 518kA] Zota Alxy
of ZAH ). 2t AlZ o] EAFE S o fluorescein Al =
1S TR R =40 3PS WekA] A "rk(Rotman and
Papermaster, 1966; Jones and Senft, 1985). Propidium iodide=
4 A|2ekg F3kste] DNAL RNAY =B 2 £2 A
T o] HMo| B-o o] F-2 wWrHEdidin, 1970; Krishan, 1975).
I8u 7153 M| 2eE 7HR| = 74 N 3= propidium iodide
£ WiS3IEE 3PS WA gttt I EZ fluoresceinT}t
propidium iodide©] o} 5 A& olglis Az} T ao] &
Aol YA FE AES TR PO o $ET Yt
Fig. 4A] Hojxli ve} o] th22e AT AAH Pe
9] go] WHEE| o] o] 0] Aolgls MEZSEUS AT
I3} C. chinensis -84 FE2ES A%t ¥ (Fig. 4B)2
propidium iodideo]] 93] B = £ FFE Ieiglon, 2
7] Fig. 4ART}H Jj g o2 2o} o]59] o] JMEH IS
UelHch o)== C. chinensis 84 =&E0| 2|} C. albicans
9] M|azuto] &4tE|o] N7t F2 RS AAIZIT. C. chinensis
FE2ES oA Mgt AP A% C. albicans®] H|z9t &
SO Q% F2 A9 7} FUeke HE A 3¢S U
= AlZY = S35 Fastglen Alzag Fof 93t
cell debris7} @o] TEE QTR E B|A|A]). Amphotericin B&=
Az ate] =474 ergosterolof] 254 AT GO E AJYT &
Azotel 72 Aes $Ed BAY £ 7HE B4
th. Beggse W] 7H& B3 K 9] +&0] C. albicans] &
I BA 7 Q-2 E s th(Beggs, 1994). TG amphotericin
Bo| AR BI1E H', OHE Eahat 2 ofolex} 30j22
FAY 4 e ool FYE WAS Ao FT AT AE
W pHE S71e} olof] W& AR5 SVt A|lZ Y| pHY 5

C. chinensis

No treatment

Fig. 4. Fluorescein diacetate and propidium iodide double staining.
Microscopic images of C. albicans cells stained with fluorescein
diacetate and propidium iodide viewed by fluorescence microscope.
(A) Viable C. albicans with bright green fluorescence; (B)
Membrane-damaged C. albicans with bright red fluorescence,
mainly in the nucleus, treated with the C. chinensis extract. Bar, 10 um.

Fio) FicichiloloBE 34 21

Fe AU £4AA AZES F2o] o]2A] FehCohen,
1998). Haket AUZL wolee o Amgls A7t Ue
S}x]qt amphotericin Bof|A] ® & 2| = vt} Zro] C. chinensis®]|
OFt Al Zte] &4FE C. albicans®] $3-F FTAI7]= 99e
2 233k A P} w3k 0|2 ARF BT} ATITh wpo]
288 F4L At ] 7ol Faslow Ak,

C. chinensis 584 3Z59| C. albicans] H|3£ZF7]of ¥3}
£ F=A gok7] 8l C. chinensis 84 25 AT
F 22 17} 347 79 AT/ 9SS Muse™ Cell
Analyzer2 B34t} 272 AJZto] 2o what Go/Giat
S71ll Sl AlZEL AA vlEo] Z48FHA Go7lol Y= Al
ZEo| WobA St Al zEgo] dold-E Uehith(Fig. 5A).
22U C. chinensis 7873 FEE5 AT AP TolA= 1A
7F & gzl H3l 23] Go/G19] B]&o] tha ZHAstal S7]
ANZZ9] v]&o] F718tA C. chinensis $~87 F&&°] thh
AZEEE FX8k= AT o5l o, 3AI7E Foll= 1AIZE
S0} H|3t i"o] IR {FXEHA C. chinensis 3873 5
EEo| WU} NZEE Gy/Giol| A HFEA 314(Go /G arrest),
S7129 Aazr] APE JATE & = AAtHFig. 5B).
Berberine-& A YA A 3E(Mantena et al., 2006)Q} W EA|EE
T98G A|E(Eom et al., 2008))| 4] G arrest@} A|ZAMES F=
3t Zo2 B Q=) C. chinensis®] FE berberine
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Fig. 5. Effect of the C. chinensis extract on cell cycle of C.
albicans. C. albicans ATCC 18804 were stained with Muse™™ Cell
Cycle Kit, and acquired on the Muse™ Cell Analyzer. Population
percentages were analyzed with the Muse™ cell cycle software module.
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C. chinensis

No treatment
Fig. 6. Effect of the C. chinensis extract on germ-tube formation of
C. albicans. Fetal bovine serum (0.1 ml) containing C. albicans
cells (2 x 10° CFU/ml) was incubated in the absence (A) and
presence (B) of the C. chinensis extract (98 ug/ml) at 37°C for 18 h
and microscopic images are shown.
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