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Effect of sodium houttuyfonate combined with EDTA-Na, against biofilm bacteria

LI Fang, HUANG Wei-feng, DUAN Qiang-jun, WU Da-qiang, CHENG Hui-juan
Anhui University of Chinese Medicine, Hefei 230038, China

Abstract: Objective To investigate the effect of sodium houttuyfonate (SH) combined with EDTA-Na, (SH/EDTA-Na,) against
biofilm bacteria, and to search for an alternative antibiotics. Methods The microdilution method and checkboard test were adopted to
determine the minimal inhibitory concentration (MIC), minimal biofilm eradication concentration (MBEC), and synergistic points of
SH and EDTA-Na, for Pseudomonas aeruginosa (PA), Staphylococcus aureus (SA), and Candida albicans (CA); Time-kill (T-K)
curves of three kinds of bacteria in synergistic points were determined by dilution coating method; The morphology of PA, SA, and CA
was observed by scanning electronic microscope (SEM). Results The MIC of PA, SA, and CA for SH was 2.048, 0.064, and 0.064
mg/mL, and MBEC was 2.048, 0.256, and 0.512 mg/mL, respectively; The MIC of PA, SA, and CA for EDTA-Na, was 3.75, 0.938, and
0.117 mg/mL, and MBEC was 15, 3.75, and 30 mg/mL, respectively; The MIC of PA, SA, and CA for SH/EDTA-Na, was 0.256/0.938,
0.008/0.233, and 0.008/0.029 mg/mL, and MBEC was 0.512/3.722, 0.032/0.469, and 0.064/0.938 mg/mL, respectively. Combination
of the two drugs could significantly inhibit the growth and eradicate the biofilm of bacteria. The number of bacteria on carriers reduced
notably under SEM, with no or little biofilm on carriers, compared with the blank control group. Conclusion EDTA-Na, could play a
synergistic role in combination with SH against pathogens, and SH could inhibit the growth and eradicate biofilm of PA, SA, and CA
more powerfully in combination with EDTA-Na,.
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B, FEBR B g v R AT, B
% BRI (Staphylococcus aureus, SA) & WIFALHK
PEWG BB, 3X 3 PRI A B T AR R I 0 A bt
PR EA T, ARG LR, Rk, S
BB Ui DUEDIBIEAE SR L S
FEEARMBIE T A28, 2 LIRS 2
LA W HAT RE BT 2510 e A, HR s,
—UG CHEPUAE R YT A A SR AT RS )
EIER, 1 EDTA S 2 ml, (02 ixsezim
HHUEIERES . TARARE M AR
FAPUHAE YRGS A5 eGSR PR« BUEDIHE
JECAE FH R AL PSR 00 1) . AR SZBG PR R Ll UE
TEAR NG B0 A= W) 4 SR FH I £ I 5 228 (sodium
houttuyfonate, SH) """ &ATHUB 2 1) £ — DY
LR ) (EDTA-Nay) BEA HIZ5X%F PA. CA. SA3
Tl D B R AE e IS () 4 T
1 7
1.1 E#k

PA (ATCC27853). SA (ATCC25923) #1 CA
(SC5314), 40T v £ il 245 A e i 5Bt o
1.2 Z5&. RFIFNILEE

SH (JliE 4140 94.5%, #ib'5 100247-199601,
o B 2R e F ST s LB (Luria-Bertani) %
FedE bt W R A E ARG RTTEAFD; RPMI
1640 (Gibco); EDTA-Na, ([H 2441k 24 - 745 BR
A+]); DPH—9162 AUEIGEFRAE (Lifg—{EFRHE
HIRAFD; NRY—200 A & 2R FEIK (g o
SIS B4 A PR ] )5 SpectraMax M2° £ DI gl b
5 [RB D TE (L) HRAH ] Sirion200
HHifS: (SEM, FEI A+,
2 ik
21 s/MIERE (MIC) BINZE

KRR REEN E SH. EDTA-Na, 5 PA.
SA Fll CA ff] MIC. PA I SA ZIKJEN 1X10°
CFU/mL, CA W% 1X10° CFUmL. SH 5
EDTA-Na, $5E IBEEE 737000 2 048 1 024, 512,
256. 128, 64. 32. 16. 8. 4. 2 pg/mL 1 120.
60. 30. 15, 7.5. 3.75. 1.875. 0.938. 0.469. 0.235.
0.117 mg/mL. & 96 FLAR AR 15 8 N AL,
FEFLAT BN 100 pL 55 2 B 2590 (55 2R 100 pl
Hil. JBAJT PA. SA FIl CA 20 5IE T 37 C N
BHFE 24, 48 h, l%E 600 nm WG (Agoo) 18,
B Ex R4l ORE258) i, %R 80%LL L

IEAR 2R E ) MIC, SEUG T 3 K.
22 H/MRIBFMRIRE (MBEC) BIME

KM B REEL I %E SH. EDTA-Na, X PA.
SA Fl CA 11 MBEC. 3 PRI 1X10°
CFU/mL. Z9¥B6EBCE R “2.17 T, £E 96 fLrh 4k
B 8 NEAL, FEFLA I 200 pL 1R 5 »
37 CIEEERIETE 24 h, EREFRIE, HJCH PBS
VeV 23 RS IR 1 o FERFFL 433 I\ 100 pL
B 2 PRSI R IR 100 pL (2515553 IR A
J& 37 CHEIE R ETE 24 h, WE Agoor T2 XS
WA CNE2W) LLEs, F0IE 80% LA LM k2
Y ) MBEC. KBRS 3 W
2.3 SH 5 EDTA-Na, tHRE S 89 E

KHRLE LA 96 FLBR 4> AN SH Fl
EDTA-Nay, REFHLRZIYIM 2 fis MIC W EETF46 M
TR IR EA% LU AR (SH ke 7 MK, EDTA-Na,
FikE 11 ANREED, B HL 50 L 3 I HEFIAE TR 4T
53 &, SRJ57E 96 FLBCT A 100 uL B, 37 C
TEIREETE 24 h, WE Agoo, HZFEAXHA CATZY
Y LA, IR 80% LA L B M 20 ik 15 N e
MIC . i i v 55 56 23 40 i W 52 45 % (fractional
inhibitory concentration index, FICI) "B WiAH H 4E
H: FICI<0.5 Mth[FEVEH, 0.5<FICI<4.0 JIkH
YER, FICI>4.0 IH5Hi/EH .

FICI=I4 MICgy/#ilt MICgy+ 1564 MICepa-na/ A
MICEDTA-Naz
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TEEIE YRR A, SR SPARFR R R A VR 52
PA. SA Fl CA 7£ SH. EDTA-Na, fiffi1-¥ii. SH 5
EDTA-Na, JL[A 70 1. 3. 64 12, 24 h J5 4N E %L
Ho IASINZI s (A4UAE 0 . 2l an s 2k A
HIES
25 FAHEBEFREMENERAREES

PA. SA I CA 4 5ll##T LB Al RPMI 1640
BFrFedkr, 537 ‘CF, 220 r/min fHIR IR EE 55 24
h, 2 000 r/min 0> 10 min, 52 EiEW, F LB
T RPMI 1640 35553557 7R, PA Fll SA Z4KFE K
7.5%X10° CFU/mL, CA %% 1X10° CFU/mL. ¥
3 FIBEMEE 1 mL 2 iR T E N TCRE BT 1R 24 4L
Wb, AN 4 SH. EDTA-Na, F155 4 9 24 (1)
BRI, RGPS R s R, 37 C

AT, HiH 240, PORRO)E, FAHREWEN
WL,
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3 #R
3.1 SH #1 EDTA-Na, & MIC #1 MBEC
K SRR € SH A1 EDTA-Na, i 24
Y15y W%t PA. SA Fil CA ¥ MIC il MBEC, %5}
W 1.
3.2 SH 5 EDTA-Na, 35BN A M4 R R R &
i SH X EDTA-Na, 254111l PA. SA Fl
CA [V W A AP 24 h J5 1 Agoo (15 H SH
5 EDTA-Na, B4 N H I MIC, #Emif5 2] FICI, LA
SH 5 EDTA-Na, %f PA. SA HI CA V3 B ML Wk
JEELAT B R4 T ) MIC 8}k MBEC A Bl fA] o5, LK

%1 SH F1 EDTA-Na, X} PA. SA #1 CA B MIC #1 MBEC &
Table 1 MIC and MBEC of SH and EDTA-Na, for PA,

SA, and CA
. 71 . 71
) MIC/ (mg'mL ) MBEC/ (mgmL )
PA SA CA PA SA CA
SH >2.048 0.064 0.064 >2.048 0.256 0.512
EDTA-Na, 3.75 0938 0.117 15 3.75 30

B[] A %F N () 2549 ( SH/EDTA-Na, ) Jit & 9K Ji&
(mg/mL ) 435 & 0.256/0.938 Fl 0.512/3.722 .
0.008/0.233 F10.032/0.469.0.008/0.029 F11 0.064/0.938..
HARGE R WK 2.

%2 SH 5 EDTA-Na, BX&#71 PA. SA 1 CA BIth[E =
Table 2 Synergistic point of SH in combination with EDTA-Na, against PA, SA, and CA

" e dE) A e
PR AR - -
MICgy/MICgpra-Ng, / (mgmL ™) FICImic MBECsy/MBECgpra-Na, / (mgmL ™) FICIvgec
PA 0.256/0.938 <0.5 0.512/3.722 <0.5
SA 0.008/0.233 0.375 0.032/0.469 0.250
CA 0.008/0.029 0.375 0.064/0.938 0.156
33 H7Fmhzk RN UG R Z B 4l o O AT

53 M LA R RO N 24549 (SH/EDTA-Nay) Jit
HEIRIE TP PA. SA F CA X177 B AN A 44k JE 1
ANIRIFR], £33 3 MR 259 W R AU FE I 1)
AArihd . WK 1.

34 WEFWE

F LT BB WEE PAL SA FII CA V535 B A
AR A R s ) i EIR AR 24 h SRR
A, B RS BITREIE E 1 A N AL A b i AR

WA O B RZ T, /D 20 R R AR R
Z 08, BT R AR SH Ml EDTA-Nap
FOH T IR N AR B A, BN AU E
SIS R WA AE T I 8UA E AR
e R BN B /D, TR, WA
T (B 20 B 2 SR Al IS 1) 2 (1 ) A 2%
A bR AR RIS ) SR SR i RS, A
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Fig.1 T-K curves of PA, SA, and CA in synergistic points
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7 0 R SH EDTA-Na,

SH+EDTA-Na,

A

SH+EDTA-Na,

7 0 R SH EDTA-Na,

B2 FEEET PA. SA Fl CA BRI
Fig. 2 Morphological observation of PA, SA, and CA by SEM

SH 1 EDTA-Nay 21 () A= W) S5 25 1 il Jm e 48 s SH
Y5 EDTA-Nay BEA51E I IA8 A L 1R A 0 ol B 45 e ol
IR, AAEAEBAE RN D AC W), L
WA P o Rl — Bk R, B F 240 41 e 2k
K I VE FH RO A= 40 498 S 1D Bk A Y s o 2 2
B,
4 itig

AR R E g 2y, BT A PUR .
PUi R AR SEAE, JERIRT R AENM . K
ST W R PR B 2, R 5T AR S e
RGP SR —, SH MY (Z[5ED
rH 4 R Y AL ) B R R R TR A B S ) A
B AU, ZEE A SH 1E A FUE 2 TRk %
T, AR TARGFIT 2. AR, WFSY SH sk# &
HoAb 25 B B B AR N7 TS SRR /D o Bedli A7 S
BRARIENT, SH M JLAT A A A b oo B At
PrAE Z I RE A RN H] PA A SA AR K ETE.
EDTA-Na, & HI B G IRA, AE RIS e
B TR A5 IR B 1 IR AR )
V2NV, X R] R LA B 22 0 AR O TR A )
PR AT <, ASzib Hl SH B4 EDTA-Na,
PUAEMMIEE PA. SA Al CA, iEWH T SH 5
EDTA-Na, BFH AU PA B EVER, i LA
SA F1 CA WA MRIVER], JCHXAbATTI A=y 5L o
40 M0, SH A EDTA-Na, X CA ik
JIEE (Z924 10° CFU/mL) #J MBEC {8 %25 & T 15041
i (Z124 10° CFU/mL), [k, A T%F SA Fl PA
A=W I A F, EDTA-Nay 504 A58 45 B

CA MAIHE. SH 5 EDTA-Na, BEHII B KK
ARSI I, JF REARPETAIT AN BRAE B
— ARG AP T AR AR T A 2 e
AR08y AR AT HR I R 3 R e R KTl
TRl 0SS PN TR RS R B R BRI TR SR A R
WA, BB S a5 B R, AT [ 2
RAE, KN 2 S 2y E PRS2 . A
IR IR AR, BAT KA T A TG 35 1
PERIN, AT 2 AR M2, AWFITEE R
17R: (1) SH % PA. SA F CA #AMEIER, L
Xt SA it CA B4 (2) SH 5 EDTA-Na, I
X PAL SA FI CA HEATUMFAIVERT, FFEXTIX 3 B 1
AR AN LAY st AT D KRG B, 3R]
SH Al fig e W e Mt = B A0, Rl 24 &
EDTA-Na,, fEHAEHURAIAY T A RAF AN A5
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