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Synergistic Antibacterial Activity of Ecklonia cava Extract against Anti-
biotic Resistant Enterococcus faecalis
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Department of Food Science and Technology, Pukyong National University, Busan 608-737, Korea
LG Electronics, Changwon 642-714, Korea
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With continuing demand for the development of new, effective and safe therapies, an investigation was carried out
to test the efficacy of an antibacterial agent derived from marine edible seaweed. The methanolic extract of Eck-
lonia cava from marine edible seaweed evinced potential antibacterial activity against Enterococcus faecalis. Among
five solvent-soluble fractions of E. cava methanolic extract, the ethyl acetate soluble extract (EtOAc) exhibited the
strongest antibacterial activity, with a MIC value of 128 pg/mL against E. faecalis strains. Furthermore, a synergistic
antibacterial effect between an antibiotic and the EtOAc fraction was assessed using fractional inhibitory concentra-
tion (FIC) indices. A combination of ciprofloxacin and the EtOAc fraction resulted in a } FIC . range of 0.188 and
2FIC  of 0.508 to 563, suggesting that the ciprofloxacin-EtOAc fraction of E. cava combination resulted in an

antibacterial synergy effect against E. faecalis.
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Enterococcus faecalis= = Q7oL &7 59
A A5H= B4 714 Gram FAAFS] a4 Ao
& (periodontitis), & 27+ 5(urinary tract infection), A%+
%(wound infection), 5% (abscesses) 5= L2711 Alg H
9 & Z(bacteremia), T 5 (sepsis)ZtA| LL7]= HYA
Alato|tiKayaoglu and Grstavik, 2004). ESE E. faecalise
carbohydrates, glycerol, lactate, malate, citrate, arginine, ag-
matine 2! keto-acids 5 T}oFst oY 2| YL tjAbstaL 7F I
2(pH 9.6) ¥ 114 59 A& 50| 7hsskal 2 XA
SH 9= 10TofA 45TColL 60T = 0= A= AYEo]
7Pssitkar Bt €1 QIeK(Giraffa, 2002). o] 23k o4 Wit
of d A2f, TAA 2, At A ] 52 IS AZ AlEollA E.

faecaliss 335} Q1= Enterococcus spp.2] & H|&0| =
A0 8 B g Qleh ol & 5ol AR 9] UE<l Salamit
Landjager || 4| Enterococcus spp.2] Alxto] 10%0|4 10° CFU/
g% A& HaL, HelarE2 2%, pH, 9 9 Aol thgt vl
=2 A S Hebdthar H i E o] Qlek(Giraffa, 2002). E3L,
E. faecaliss= 2>E5&80 ofl et B9, &, Al 2 e 5
oA WIHs] HE = Wart A== 1, S57F 54 vt
F AlE ARt A E)gh 7 AE A ZRS 4 Qlo] SAlE
= & AT o AlFEe YoT)= AlsE Aletel 7]
% stk E. faecalis T 0l 23t AlE52 4-5A17k0 A7) E

3 B AL 9A, LE 59 Staphylococcus aureus
ol ofgt AlF=3t AR 5745 UERd tH(Giraffa, 2002).

2| Bl AT FAR tREL e A2 3
A WA Enterococcus spp. Alit2] S7F2 o] Alat-2 amino-
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glycosides, penicillin, tetracycline, chloramphenicol, vanco-
mycin 59| FAA ] =2 =20 WAL et E3 57t
A o)/go] A tt WA= 7HAI AL Sl TRA W /Ad v (mul-
tiple drug resistance bacteria)™= = 1.%|3. ¢lth(Johnston and
Jaykus, 2004; Hollenbeck and Rice, 2012). £3], 247} &
a1 Q)= A2 methicillin-resistant S. aureus (MRSA)2] A2 &
3l ARE-E vancomycino] thgt WS 53 vancomycin
resistant Enterococcus (VRE)2] 23 0 & o] 5 YA HFS H Y
W A & He o] Holxl AltEolA A AQ AuE =
Sk Qi AAIZ, 2001 129, 35 A15F-9] Royal Perth ¥
Hol|A] VRE o2 Q1% 4= = 5<t 17201 719] VRE ¢
Aba17} 2FA S} tH(Pearman et al., 2003).

o9} 2 A W] S-S A fIgt Wste
M Z=-g YA 9] Fidho|ut B 74A] YA E H-goke] ARgS)
=Rl QAT o= T thE A S s o1& 4= Q7]
ool A W date sdsty] St =& et g HA
2 o 83 A 2] Alofof] TRE A7t X3 Eoj R
T QIth(Eom et al., 2011; 2013a; 2013b; 2014). X 2744
TN HABRIE AAo] g P o] S Aol
A Ay 24 B ofokEEo] v A Eoe] ghout o
S A A EA, wrEolet | ot 5o mjAE B 4 d
FES WSO E o|FojA gtom, T AR S EA Y H
A& A2 3HA o Thth2 A E th(Bom et al., 2013a). E3,
Z]-oll= MRSA, Listeria monocytogenes 52 8 78+t
of thet M= el FtEat A 7ol 2J3F synergistic
antibacterial effecte]] tat H117} Q) oL} E. faecalis®] 75 o]
o digt At 7F W] AtH(Eom et al, 2013a; Nshimiyu-
mukiza et al., 2015). o]o] & PO = AR, K257, 2
FE XIS 2F 259 F8 A5 YUl E. faecalis
of| ek ot 242t A ol gt A& 7HAI AL Q1= E. fae-
calisst=°] 3t s 27 F=EE2 7ol &gt 7] A9
e 3 &) it A okelh

ERTRTS
Azt Fxa

X

s2fe d2E Ao AlES AelA FYsto] &2 57
5| AlF st HAAIT] F 60°ColA] ARAIFTE &2 Akl ARE-
¥ sl =F+= El(Ecklonia cava), U3 Eisenia bicyclis), 112]
wll(Scytosiphon lomentaria), ©|¥(Undaria pinnatifida), <3
(Ecklonia stolonifera), 5=(Hitzikia fucales), ttA|"H Laminaria
Jjaponica), AWK Sargassum fulvellum), 3(Ishige okamu-
rae), 21t (Ulva lactuca), -3 23}l (Ulva perutsa), S 32
(Enteromorpha linza), 73 Z+(Codium fragile), =7 *}2(Chon-
dracanthus tenellus) 2 52| 7V24H Carpopeltis prolifera) 5
15%0|ct. A= H 327+ 24|7/(HMF-1000A; Hanil Elec-

A~
HeA - olgs

tronics, Seoul, Korea) 5 53l It A 2 Ba|st it 2 3
Z5 2uH(500 g)2 70°CollA] 3 A|7F5<t 33 eh2(MeOH;
10 Lx3)z FE3p3ich mghE #5528 A3 ds57]
(Eyela Co., Tokyo, Japan) 2 5=A]7]1L, =5 HERS >
==°f 10% MeOH (1.0 L) & ¥ 2 hexane (Hexane;
1.0 L X 3), dichloromethane (DCM; 1.0 L X 3). ethyl acetate
(EtOAc; 1.0 Lx3), Z18]1 n-butanol (BuOH; 1.0 Lx3) &
ol 0.2 Balaholet. 2170] B8l gL AgArElel 45°Col A 2
53] 7% %7](Eyela Co., Tokyo, Japan)Z o]-&35}o] Z8HA| 7
oh 2 Aol M = Am= ARSE Al 201349 249 Al o
Bietoll A A3 E A S FUste] -80°CollA] HEa 52U A
S AT,

AE 25 & ]

E o)M= KCTC u]RYERFHANE|(Korean Collection
for Type Cultures, Daejeon, Korea)ol| 4] EoF W& T 243
E. faecalis KCTC 32062} “44rdshd ¢(Gyeongsang Na-
tional University Hospital, Jinju, Gyeongnam, Korea)ol| 4 &
of uko. 70| Ha|t3(E. faecalis P107, P130, P227, P 684,
P690, P1499 2 P2088)Z AF23}AT). T ujokS 984
tryptic soy broth (TSB; Difco, Detroit, MI)2} nutrient broth
(NB; Difco)E AMH-31%2™ disc diffusion assay+ Mueller
Hinton agar (MHA; Difco)S minimum inhibitory concentra-
tion (MIC) =7 o]= Mueller Hinton broth (MHB; Difco)=
At

SR 24 EHAE

E. faccalis 05 9 Belaao] BAA 144 Ade
BBL™ Sensi-Disc™ Susceptibility Test Discs (Becton, Dick-
inson and Company, Franklin Lakes, NJ)E A}-g-5}¢] AA|5}

s F2E U A FRUHE PO disc
diffusion assay©]l w2} MHA B} A& 7}A| AL clear zone &] Z7]
2 27 5}9157, A% MHB W%/ Z 714 . CLSI®) min-
imum inhibitory concentration (MIC) assay©f] w2l 4 3141
TH(CLSI, 2008). E. faecalis®l| tht A 2] MIC assay©l] A}
2% gentamicini} ciprofloxacine Sigma-AldrichAKSigma-
Aldrich Co., St. Louis, MO)°J|A] F-43}% Tt
st A|UX| &7Hantibacterial synergy effect) &
H

E. faecalisol| ti3t s 25 =23 A =t Al|A|
A = fractional inhibitory concentration (FIC) assay (Hsieh
etal., 1993; Meletiadis et al., 2010)E ©]-&-3} checkerboard %
o2 vhe Aol uet Al sl
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YFIC=FIC, + FIC, = (C,MIC,) + (C,/MIC,)

MIC, 8} MIC, = 7}2F A%} Be] T MIC gkol v, C, 9k C =
A9t BE B-&sli= W tid wt=oll tisl]l 7417 == A% B
o] A3l FeE Sfu|eith. F AT et AUA A=
2|4 YFIC QFIC_ )ot 2|t YFIC QFIC )%k aLe{gHFIC
indexe] ©]3)] % 7}5HH(Choi et al. 2010). = E24710] H8F
W= S = = 4h2 YFIC | = YehfH, o] tje] C,
OFC, s HEEH S W 7 kA o2 LS AN
£ rg ojuldity YFIC, = AlYAE el 714 &
YFIC toln], YFIC, o} 57| AU 2] fake] W 912 thepiit,
FIC index <0.5+ synergistic, 0.5 - <1.02 week synergy, >1.0
- <2.0+ indifferent 12|11 >2.0-2 antagonistic 2.2 5 7}stct,

SHEN

Al B Aol A doJ7l ZF2 SPSS 12.0 (SPSS Inc., Chicago,
L) o] g 5o] AR sh913 P<0.058] §0l4- 204 B}
shsih

HWEF FE22 E facalisoll Tt Sdey

Disc diffusion assay & ©]-&5}] E. faecalisof| tf st 1552] 3|
%5 MeOH +&+9] g++2/d& A ESI3I Tt Table 10 LE}
W AAE, d2f FE550] TRFU 527 358 B+t
o] AAe® Fokor ol s2f FEEY As= Al
o X HAA Alatol it e del tis 113t Eom et al.
(2011)7+ Nshimiyumukiza et al. (2015)©] 95 A7t} o1%]
stk 2 ool AT 1559 SER 228 FolA de
MeOH £&%E9| E. faecalis KCTC 32062} 2232l tial
7P S /S UEtH(Table 1). S mgo| A &=
o] B ltol AMg-E 8%9| E. faecalis w5l ti3] 10.5 mm-
12.5 mm ¢ clear zones &Add= A 02 YElHoH, ol= 7
] MeOHFE&50| th2 |2 F-H L} E. faecalisol| o3t &
4e ek ol gl ks AL olulwic.

E. faecaliso]| i3t e 552 /ol tiet <& A+
£ 8l F718HE ol8ste] BEE skl oy v =&
= oA EtOAc 38 %59 disc diffusion assayol|A] E.
faecalis®|| T3l 71 £ tEA-S B THS mg/disc: clear
zone 14.0 mm-15.5 mm) (Table 2). 3+ MIC assay S ©]-8-3+
Te 25 9 £8E9 Aol st A= 24 e

0x

Table 1. Disc diffusion assay of seaweed methanolic extracts against Enterococcus faecalis

Strains Zone of inhibition (mm)’
Samples KCTC 3206  P107 P130 pP227 P684 P690 P1499 P2088
Phaeophyceae
Ecklonia cava 12.5+0.1 115402 12.0+0.2 11.0£¢0.2 10.5¢0.1  12.5#0.3  11.50.1 11.0£0.2
Eisenia bicyclis 11.0¢0.3 10.5¢0.2 10.0¢04  10.0+¢0.1  10.5+0.3  11.0¢0.2  10.0+0.2  10.5+0.4
Scytosiphon lomentaria 9.0£0.4 8.5+0.1 9.0£0.2 9.0£0.2 8.0+0.3 8.010.1 7.0£0.4 8.0+0.3
Undaria pinnatifida -2 - - - - - - -
Ecklonia stolonifera - - - - - - - -
Hitzikia fucales - - - - - - - -
Laminaria japonica - - - - - - 6.5+0.3 -
Sargassum fulvellum - - - - - - - -
Ishige okamurae 9.0+0.2 8.0+0.3 8.0+0.4 8.0+0.1 7.0+0.3 7.0+0.3 7.0+0.2 7.5+0.3
Chlorophyta
Enteromorpha linza 9.0£0.3 9.0+0.4 7.540.2 8.00.1 7.0£0.3 7.0£0.3 6.5+0.4 7.0£0.1
Codium fragile - - - - - - - -
Ulva lactuca - - - - - - - -
Ulva perutsa 9.5+0.1 8.0+0.1 9.5+0.4 9.5+0.3 8.0+0.4 9.540.2 8.50.1 8.0+0.2
Rhodophyta
Chondracanthus tenellus - - - - - - - -
Carpopeltis prolifera 8.5+0.2 7.0£0.2 8.0£0.3 9.0£0.1 6.5+0.4 7.0£0.3 7.0£0.1 7.5£0.2

The type bacterial strain used in this study was obtained from the Korean Collection for Type Cultures (KCTC) and clinical isolates were
provided by the Gyeongsang National University Hospital. 'Seaweed methanolic extracts (5 mg/disc) were loaded onto a disc (6 mm in
2

diameter). —, no detected antibacterial activity.
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disc diffusion assay 2| A1}} upz7}A| 2 EtOAc 53] 255
o] WE E. faecalis 35 t3) 128 pgmLz 713 w4 e}
STth(Table 3). o] 3t A= 7FEl 2] EtOAc soluble fraction
o] YA A AlF= Altel thet FtErdol 7 Holuth=
7129 A3 AvE1} YAk ¢lti(Choi et al., 2010; Eom
et al., 2013b). F3h HAG Aot B A5 Altoll gk 2=
7 FEE9 EtOAc #8 F5E0| 7P 748t e/ UEt
WL A 7P wol §-4-511 Qlth= Eom et al. (2011,
2013a)2} Lee et al. (2014)2] H 1o} E U Z]ghc},

SO CHSH £ facalis 221772 LHY

Vancomycin WA VRE % vancomycin-resistant S. aureus
(VRSA) 7 2| 25 918l AR&-== @412 linezolid 2} tige-

A~
HeA - olgs

cyclineo] dA&= G40 2 AME-E| AL QITH(Lee et al., 2013).
SEA|RE, A 22 A 9] Tdol = w2 dto] Qe u g 2<%
Ao g S AOR A4 fE= YA e =3 9A
5}7] 93} alternative therapeutic method &4 424
Bl MAET A WAl tiek agE doiwd 3
AAete] B8-S Fol dold A S BES
= dAqt50] AE I tiEom et al., 2013a, 2014; Lee et
al., 2014; Nshimiyumukiza et al., 2015). o]¢]] = ¢ Lo A&
disc diffusion assay®} MIC assayS &3l E. faccalis?] gt
7¥at i A0S 71X 1 3] BtOAC £3] 3257} A
A7kl H-g-of 2Jgt antibacterial synergy effectol Tt o1+
£ At o]& st WA E. faecalis 252} 75

Table 2. Disc diffusion assay of the methanol extract and its solvent-soluble extracts from Ecklonia cava against Enterococcus faecalis

Zone of inhibition (mm)’

Strains
MeOH? Hexane DCM EtOAc BuOH H,0
E. faecalis KCTC 3206 12.5£0.1 7.0x0.4 - 15.0£0.3 11.0£0.3 -
E. faecalis P107 11.5£0.2 9.520.2 - 15.5£0.4 12.520.1 -
E. faecalis P130 12.0£0.2 9.0£0.1 - 14.0£0.3 11.0£0.2 -
E. faecalis P227 11.0£0.2 9.0£0.2 - 15.0£0.2 11.0£0.2 -
E. faecalis P684 10.50.1 6.520.3 - 15.0£0.2 11.00.1 -
E. faecalis P690 12.520.3 11.540.3 9.020.3 15.50.2 12.520.3 -
E. faecalis P1499 11.5£0.1 8.5x0.4 - 15.0£0.4 12.520.3 -
E. faecalis P2088 11.0£0.2 9.0£0.2 - 15.50.3 12.020.2 -

The type bacterial strain used in this study was obtained fron} the Korean Collection for Type Cultures (KCTC) and clinical isolates were
provided by the Gyeongsang National University Hospital. The mg,thanolic extract and its solvent-soluble extracts from E. cava were
loaded onto a disc (6 mm in diameter) at concentrations of 5 mg/disc. MeOH, methanolic extract; Hexane, n-hexane-soluble extract; DCM,
dichloromethane-soluble extract; EtOAc, ethyl acetate-soluble extract; BuOH, n-butanol-soluble extract; H,O, water soluble extract. —,no

detected antibacterial activity.

Table 3. Minimum inhibitory concentration of the methanol extract and its solvent-soluble extracts from Ecklonia cava against Enterococcus

faecalis strains
Unit : pg/mL
Strains Fraction MeOH Hexane DCM EtOAC BUuOH H,0
E. faecalis KCTC 3206 512 1,024 >1,024 128 256 >1,024
E. faecalis P107 128 256 512 128 256 >1,024
E. faecalis P130 256 256 512 128 256 >1,024
E. faecalis P227 256 256 512 128 128 >1,024
E. faecalis P684 256 256 512 128 256 >1,024
E. faecalis P690 256 256 512 128 256 >1,024
E. faecalis P1499 256 256 512 128 256 >1,024
E. faecalis P2088 128 256 512 128 128 >1,024

The type bacterial strain used in this study was obtained from the Korean Collection for Type Cultures (KCTC) and clinical isolates were
1

provided by the Gyeongsang National University Hospital. MeOH, methanolic extract; Hexane, n-hexane-soluble extract; DCM, dichloro-

methane-soluble extract; EtOAc, ethyl acetate-soluble extract; BuOH, n-butanol-soluble extract; H,O, water-soluble extract.
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O] Fejatrol thske] cheket Ao gt A A4S
disc diffusion assay=- 3l 4 3}%th &%) E. faeca-
Iis KCTC 32062} 2-2]++321 E. faecalis P690 X P1499-2 A|
2|3 L ] Fa]wt3=of| A ciprofloxacin} gentamicin o] o gt
A5 2] 2 2H(clear zone)©] LFEFLEA] 929k TH(Table 4). E-2]t
¢l E. faecalis P1499+= ciprofloxacin®|| A5t clear zone©] L€}
U] ekt o] Avb= 5F-9] HalwtF2] %, ciprofloxacin
3} gentamicinof| thgt HA-E 7HA) 3L Q)= THAI W Ad T (multiple
drug resistance bacteria)o|2t= Z1-& 2] gtc}(Johnston and
Jaykus, 2004; Hollenbeck and Rice, 2012).

E. faecalis w750 tigt & FAYAS] &t2S MIC assay
= A A8k #3991 KCTC 3206 +F+= cipro-
floxacini} gentamicin®] o gt MIC %to] 212} 0.0625 ng/mLy}k
0.125 pg/mL=E t}-2 L7529 4= F A of it
4-64 ng/mLE HAE|SITHTable 5). thyl HelF25(P107,
P227, P 684, P1499 4 P2088)2] ciprofloxacin®] tfgt MIC %t
2 AYA YA Q] 7155131 MIC breakpoint value! 2 pg/mL
Hop W5 =2 3hS 7FA]7] w2 ciprofloxacinof| gt 34y

e

2ol A W3 Alat AlolE I3t axpAQl WSl 8t
Uz HAE o) A S8 B8sto] A Y] o+t
S &Sk Aol gt A+7F &S] 28 % AL ItH(Eom
et al., 2013a, 2014; Lee et al., 2014; Nshimiyumukiza et al.,
2015). & Ao A= 7] EtOAc #3] &E719] 3-89
2J3t ciprofloxacin®] E. faecalisl thdt &2/ 2] synergy &
= FIC assay= 7}6}3iTt. Table 60 Lrebd A2} o] 2+
B EtOAc &8 F5=(8 ng/mL)& -8 AR&-5H3 = 1 0.5 pg/
mL] ciprofloxacin 7} E. faeccalis w552 542 AGAS
o= Uitk ZA3HH 0 2 ciprofloxacing T ARSSI-S off B
o} 8320 Ve X2 E. faecaliset2] A4S AT + Qe
Ao g BA =9rkP107, P227 ¥ P1499 #52] A< 8 Hj;
P684 -72] 79 16Hl; P2088 w+5-2] 7% 321)). 0|23t 2

Table 5. Minimum inhibitory concentration (MIC) of antibiotics
against Enterococcus faecalis strains

MIC values (ug/mL)

Strains

Al WAL Bl =gkl wekE ch(Hillgren et al., 2011). 3FA] 9, Ciprofloxacin ~ Gentamicin
E. faecalis w-F5°1 T3} gentamicin®] MIC ZF-2 gentamicin E. faecalis KCTC 3206 0.0625 0.125

2] MIC breakpoint value?] 500-1,024 pg/mL Et} ©F w7] E. faecalis P107 4 64

i Eof B Ao A ARG EelidFES gentamicine WA E. faecalis P130 S 64
Wl Ao B4 EQlth(Hallgren et al., 2011). o]of & ¢ E. faecalis P227 4 32
Foll A= ciprofloxacin®} 71l EtOAC #3] 55 7Ho] W& E. faecalis P684 8 32

of| I3t YA 2 <] synergy Ayt thet S %19 E. faecalis P1499 4 2

shoiet.

E. facalisOll st ZEHS| EtOAC 28 FE21}
M2t AHX| g1t

2

oo

Table 4. Antibiotic resistance against Enterococcus faecalis strains

E. faecalis P2088 16 64
The type bacterial strain used in this study was obtained from the

Korean Collection for Type Cultures (KCTC) and clinical isolates
were provided by the Gyeongsang National University Hospital.

1

—, no determined.

Stains Antibiotics /.« C TE LD AMC CP RA AM GM  SYN
EfaecalisKCTC 3206 15:0.4 2640.6 26:0.3 26805 22:05 1402 1201 15:01 12:04 807
E. faecalis P107 18502 26£07 10405 34403 24:03 AG?  10:04 24106 AG  10£0.8
E. faecalis P130 18503 AG 1003 3202 30:0.1 26:03 16:02 28404 AG 14403
E. faecalis P227 18:03 24405 805 30:03 30:02 AG 18401 26:04 AG 12408
E. faecalis P684 18:07 20404 1003 26103 29:02 AG 18405 26:03 AG 10206
E. faecalis P690 10606 26£0.5 1201 30:08 30:0.6 22:0.4 18403 34:0.7 12402 18405
E. faecalis P1499 20403 24+07 10:0.7 30£0.6 30:0.5 AG  18:0.3 22102 16:01 10£0.5
E. faecalis P2088 16:01 2002 804 30£0.6 30:02 AG  18:06 20:08 AG  10£03

The type bacterial strain used in this study was obtained from the Korean Collection for Type Cultures (KCTC) and clinical isolates were
provided by the Gyeongsang National University Hospital.

VA, 30 pg of vancomycin; C, 30 pug of chloramphenicol; TE, 30 pg of tetracycline; LZD, 30 pg of linezolid; AMC, 30 pg of amoxicillin/
clavulanic; CIP, 5 pg of ciprofloxacin; RA, 5 pg of rifampicin; AM, 10 pg of ampicillin; GM, 10 pg of gentamicin; SYN, 15 pg of quinu-
pristin/dalfopristin. 2AG, all grow.



56 W58 - 9%

=

A~
e - og%

Table 6. Minimum inhibitory concentrations (MIC) and fractional inhibitory concentration (FIC) indices of the ethyl acetate (EtOAc) frac-
tion of Ecklonia cava in combination with ciprofloxacin against Enterococcus faecalis

. MIC ) . ) 5 Minimum concentration for observing
Strains  Test compound (ug/mL) Median 3FIC" 3 FIC 2 3FIC synergy
E. faecalis EtOAc 128 0.266 0508  0.188 e
P107 Ciprofloxacin 4 ' . . 05
E. faecalis EtOAc 128 0.297 0531  0.188 e
p227 Ciprofloxacin 4 . . . 05
E. faecalis EtOAc 128 0.297 0508  0.188 e
P684 Ciprofloxacin 8 . . . 05
E. faecalis EtOAc 128 0.344 0563  0.188 &
P1499 Ciprofloxacin 4 . . . 05
E. faecalis EtOAc 128 0.297 0563  0.188 &
P2088 Ciprofloxacin 16 ' . . 0.5

The type bacterial strain used in this study was obtained from the Korean Collection for Type Cultures KCTC) and clinical isolates were pro-
vided by the Gyeongsang National University Hospital. The FIC index indicated synergistic; <0.5, addictive; 0.5 to <1.0, indifferent; >1.0 to
<2.0, antagonistic; >2.0. Y FIC was calculated for each well with the equation: Y FIC = FIC + FICB = (C /MIC )+ (C /MIC ) where MIC

and MIC are the MICs of drugs A and B alone, respectlvely, and C and C are the concentrations of the drugs in combmatlon respectlvely

the minimum Y FIC; ZFIC

max

ZFIC, the sum of FICs; ZFIC .

W= vpEo 2 FIC valueE Atsl & A1} Y FIC |, YFIC
9l YFIC %7+ko] 2}2} 0.188, 0.508-0.563 & 0.266-0.344%
HebdeH(Table 6). YFIC |, YFIC 39 YFIC $3Hglo] mi
<1.09] ZHe Urehf 9l 7] o] 71l o] BtOAc 23] 2257
ciprofloxacin®] ¥-8AM-2 F. faecalisy-°]| t 3] week synergy
F7}7} UER s Ao s Uehdth(Lee et al, 2014). ©]2]3t
A= e =51} ampicillin®] -8 AR8-0| S. aureus 2}
Salmonella 4; v|A ol thet ampicillin®] 3F2dS 3|EA|
E’JE% Choi et al. (2010)2] 1 Zatebe Y x|t

A5+ Aits Ao gol HE HAUH SR e o] A
ﬂﬂ*é%é! of TRt A-] Al of| A Blojut sl FAEAFA O] A
e =4ol gt HEEH ou|7} glom A7} obd
AEE 58l 8 455 MFQl E. faecalis®] A< ATt
oy et YA WAS 71X AL Q)= multiple drug resistance E.
faecalisol| H| 3t Eﬂr’“ QI Aol o2 e fof 227
&0 Ao 88 ARG 2 A A H-goll wE A
Wadetel =4 ‘%Wl““”* ofy e} FAAQI A mA 2 o] 82
I Slthe AE Holqle). olejet Axbe Al FolA E
faecalis®] T 2| FAIE A sl=H| 7] 4= 3= Aot A
Zhem 22 Al 5= A AR e dsl o A=
= Algysto] thefeh ofofA S o] gt Fg

9L Aoleka Yz,

Al AL

£ 7820140l 2]5}

, "and the maximum >FIC.
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