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Study on the antibiofilm activity of kaempferol in Candida albicans
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[Abstract] Objective To study the action of kaempferol (KAE) against Candida albicans biofilms and explore the
potential mechanisms. Methods Biofilm metabolic activity assay was used to investigate the action of KAE against C. albicans
biofilm formation as well as mature biofilm. The inhibition of KAE in hyphal formation was examined by microscope. The water-
hydrocarbon two-phase separation assay was used to test the effect of KAE on the cell surface hydrophobicity of C. albicans. The
mRNA expression of the genes involved in biofilm formation was determined by real time RT-PCR. Results KAE showed
inhibition effect on C. albicans biofilm formation in a dose-dependent manner. Moreover, KAE inhibited mature biofilm. The
biomass of biofilm was reduced upon KAE treatment. KAE inhibited hyphal formation and reduced the cell surface hydrophobicity
of C. albicans. In the presence of KAE, the mRNA expression of the genes involved in biofilm formation was changed, with the up-
regulation of BCRI,NRGI,TUPI and down-regulation of HWPI1,EFG1,CPHI,ALS1,ALS3 and CSHI. Conclusion KAE showed
antifungal activity against C. albicans biofilm. The mechanisms may relate to the inhibition of hyphal formation and reduction of
cell surface hydrophobicity.

[Key words] kaempferol; Candida albicans; biofilm; adhesion; hyphae

ULAESK, B b Z R0 . s PO R ABLRERERE A B TN LR A
B MR R TR g Ay TR ECORSRIE, P (biofilm), )

, i 22 B A W g S 1) — A 7™ i SR SR X I PR 8
LB B R UL 14 s 7R I 2 DY NS e . v
&*E;?f*mkﬁz%%éiﬁf*@%Z Lt T CNCET ooy
VA ERTig =0 Wl 1N 117 S 4 (97 NI= N PR s I e 84 FE, AR Wk TR 1 2 B B X P MR 2 2 B S0

. . =17 3 v 2= [1] - N ks e Y > He 11
WERE(Candida albicans) JElci WINBORILRZ s g g AR PRI B L 402 — . A B IE
S A N 725 ) A2 R U i
[EE€WME] ERAKBARET I (81671991) EEIEEE%MZH%%;%f%/ CIE {iﬂf@;mmﬂ’][;i;g
CHEE@AT PR AEh (20, Tel, (0571)87341668 R, SRS RAAT PRI BRI 2~

UETAEE] WS, W, 2092, BF50 77 1 Hosy 25 25 B W, W TE LT AR L BER: A W B 25 W o T i E
4%, Email: caoyingying608@163.com R EITEEEE R Y,



https://doi.org/10.12206/j.issn.1006-0111.202004050
https://doi.org/10.12206/j.issn.1006-0111.202004050
mailto:caoyingying608@163.com

ek 2020 4F 9 H 25 B 38 4547 5 MW
414 Journal of Pharmaceutical Practice, Vol. 38, No. 5, September 25, 2020

111 4% 1% (kaempferol, KAE) X 24 145 2 | 1145
WA, T UL E 1, ISR T2k
G, FEARIE T LR AR ZE . [, 1%
WE) ZAET 2RGSO R T, R EIR,
R M EAA PR . Biag . Priafb ., il i/ 5
R RPUR R Z R AEY S IE T A SCETEMS
LR B e 11 A1 22 B B A e R T PR R L 7
VEFHBLER, Ry PR D I e B o i

1 WLRE 5 FEEH

1 MR5RE

1.1 A
11 PERR, BRI A IR

A 22 % 1 [ Br il FH #k SC5314( C. albicans
SC5314) th Ll Je s B Bt O S = AR A7 1
Z5My (36 Sigma A H]), —H AN (DMSO, FE#jfk
R ANABRAFD o # 1ILAS A T DMSO B il 5L
BV, {81 FHI DL RPMI1640 B Frs vk . XTT
(fb27 44« 2,3-bis(2-methoxy-4-nitro-5-sulfo-phenyl)-
2H-tetrazolium-5-carboxanilide) £ B Z5 iR i, 57 ( 36
[ Sigma 23 7)), 43 5 PBS. 7N R i firg Bc il i £
o ELP RNA #l#a & (o R B R
N ), RNA % 5% | PrimeScript RT Master Mix
Perfect RealTime &2 SYBR Premix ExTaq™ i 5
(TaKaRa A=¥)/AH]) .

Y I 35 32 55 (SDA): & 1R 10 g, D-ii %4
B 40 g, BUIR M 20 g, I BB FRKBMITERE
1 000 ml, & /5 KB (121 °C, 15 min), %5 ¥ 73 21 %E [
JE M. YPD BURR: SR 5L AR 10 g, BERERIL
Yy 10 g, D-#%9H 20 g, I EBE TOKIBMITERE
1 000 ml, 4% J5 &5 K K 1R (121 °C, 15 min) £ H .
RPMI1640 ¥ {4 15 77 5 1% RPMI1640 #3 7K (Gibeo
BRL A 7)) 10 g, MOPS(JEZR AR /N 7] ) 34.5 g,
NaHCO;2.0 g, VA2 B F /KA 1 € 45 2 1 000 ml,
F NaOH #75 pH 2 7.0, % £ 1 000 ml, 4 fLuE
[T IERR TR, 4 °C PRAT -
112 X%

TEIRIR G FRA (LR KBTS, &
B R E O AL (5 [E Eppendorf 23 7)), #8154k TAE

5 (ML B THARL AT, 96 FLANAIE TR
(32 [E Corning /A F] ), Infinite M200 2 I) e B b5 X
( Austria TECAN 7\ & ), ABI7500 5 Bif 5 & RT-
PCR ¥ (Applied Biosystems 2\ Al ).
12 EsiEk

P B R 22 8% BF SC5314 H 3 A7 1 &) T
SDA “FH, BT 30 C fHIRIGFRAREFE 3 d, K
BT R ST, PRER TR AR B s B R A TR YPD A
Regadrh, BT 30 °C L 200 r/min $RZ5HEFRER (16 h),
f LB R KA A
1.3 LB A AT R, 5 B

P 22 T B A M 37 5 56 2 BEOSCR [7]
1o B Bk R 58 25 80E KA A0 I
22 ERETR T, PBS YEU 3 1K, BT RPMI1640 1%
FREE, THBOT R WO A 1x10° CFU/ml, 7E
96 FLAN MBS 3R MEEFLAINA 100 pl E3REH, 37 C
FRE SR 2 h, 5 B, TASL s A 100 ul
A ARTRIHEE IS RPMIN640 55373k, 37 °C 4k
LEFFE IR 24 h,
1.4 W B0 3 A AU 52 3

B ISCHE BE 7 B KR B R 22 R
BRIV, PBS Pk 3 IR, EET RPMI1640 55573, if
BOE A Bl 1x10° CFU/ml, 7£ 96 FLANf
RESEHEFFLINA 100 wl BRI, 37 C & B
2 h, 5% BV, TAFLT I AH i RPMII640 35 5%
3k, 37 C ke B 5535 24 h, 37 ISR, PBS VB
2K, TA&FLR2r 3N A 100 pl 578 AR L 24
i) RPMIN640 155558, 37 °C kS & 1555 24 he
1.5 AR E R E

B AR p A w5, 57 V5, PBS 7k
2 W%, BEFE A 200 X TT-FRZARAW (545 0.5 mg/ml
XTT-1 pmol/L FHZE[R ), F 37 C A BT
2 hJEHUH . SR £ D) B AR A A T 492 nm
A0 7 G BE (OD) A
1.6 AWML R AN E

A W IR L I (biomass ) 25 1 5 2 IR SCik [8]
TE AT o FEWSEHCE A R A (1.5 emx1.5 em,
2 [ Bentec BEZ A B 12 FLEE SR, REFLIN
A 2ml FUBZZEERFER(1x10° CFU/ml T RPMI1640
Rigesi), hM 2 h, 7 BB, A S SRR E
LLI 2% B BT i RPMIT1640 35772 5, 37 °C 4k &
Ri3% 24 h, 35 LIEW, PBS PR 2 Ik, T&FLH 25
FA 100 pl & 45 A [F) R BE 1L 25 3 1Y RPMIL640 3%
FRIE, 37 °C RS E TR 24 h, BUE RS SR04
VIR, 7 B E R, PBS Uk 2 WK, Byl E0E E AR



2hep el 20204 9 H 25 HER 38 24 5 1)

L, TS R R R R AR B TR B R A ) A
Iigiigs
1.7 B LW RIrH FI

PRI B S W LR 22 B, T
IH IR 1% R T3 YPD WK 375, 30 C
RS 4 h, PBS PB4 2 K, 2 T3 16 pg/ml
1125 B YPD+FBS H5 325 (5 A 10% a4 i),
PREE B Ay 1x10° CFU/ml, T4 354 4 37 C
FRE R SR 3.5 h, WA T WLER PR 22 1 B TR 22T
L
1.8 4m e A& Rk M)

SR 7K -8 T 73 5 k00 e 290 e % T ot 7K 1)
PR 5 2 EUE KR B0 AR 2 i B IR |
PR 1% B4R T YPD MUMARRS 37 4E, 30 °C 4k
SRR 4 h, BJE INAA R B 1L 251, F 30 C
Yk 22 R % 55 FF 4 h, 550 UCAE B DL PBS PR
2K, HAET YPD WG IR, AR 2 ODgpo=
1.0, BEAH 1.2 ml AW T 7 — 808P, A
0.3 ml 1E=FhE, IR ER 14T 3 min, %I # B (H0
AR5, SERIIAE B2 KA ODgoo 15, LAARNNIE
FLERY YPD Ki R 5 M IR . PR 22 e B4
1T 7K PR AR 0 3 5R 2X: AH X A8 i 3R T i K

Journal of Pharmaceutical Practice, Vol. 38, No. 5, September 25, 2020 415
&1 5149575
519p51(5-3")

HWPI1-F TGGTGCTATTACTATTCCGG
HWPI-R CAATAATAGCAGCACCGAAG
EFG1-F TATGCCCCAGCAAACAACTG
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