ive

creat
commons

)

E D

O N S D

M

O M

C

XN & XHEAl-

)
)
A
5%
<+

ioll
)
10
ak

&l

O

3J
<D

o3

W0 s

~UJ)

<3

oll

RJ <D oo
oS
”) <+ 1

~ 2 O]

LICk:

El-

ZHE Metor

LICH.

MEXE ZEAIGHH OF &

— o
:_CI

t

e}

MNERLEALL A

K4 .
I
[
W <o
S
] =
Ww o
R 00
= K’
0 oy
RC U
K &
= L
oF ®
]
J (@)
(o]

3l
LI
.ol
)

o _d
Ha3
EENE ~T1
= ol
o7 2 U

)
0 il
RMr5 O
= — IF
[SETe) m.A_._l
JjJ A
15 80 &
o =
[ ] [ ]

X ESLICH

HOd

HEAH0 CHE 0l8Xe H2ls 2l Lol o

E

ol

I 2

Ololiotol &

=
=

0l N2 0| =3 & 172 (Legal Code)

Disclaimer |:|._'|

lection

Co


http://creativecommons.org/licenses/by-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-sa/2.0/kr/

Enterococcus faecalis ©l| ) 3k

e FF 2 AR 57

20159 29
B A Y wy st

Al 3L
— [e)

o

kil

e

oY

2=
o

o

@ pknu



Enterococcus faecalis ©l| ) 3k

e FF 2 AR 57

2015 2 ¥
B4 08 uw g g Y

S
A FF

o

2

e

oY

2=
o

o

Collection @ pknu



20159 249 27¢

Collection @ pknu



2 3

I . }\-] T 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 1

O. S DRRE .ol I s econe e o N ancansncassncanss T

1. 48A8 7

L1 AEEd 43 R 2 7

!
12 A&l ALE & 75 R A 9

2. Ay 10

2.1 Disc diffusion assay 10
2.2 Minimum inhibitory concentration (MIC) and Minimum bacterial

concentration (MBC) 10

2.3 FAA 75 AlE 1

2.4 Fractional inhibitory concentration (FIC) 11

2.5 BAEH 13

Collection @ pknu



3.1 | =F MeOH FEE9 Fd484 15
32 e 2EE<9 MIC € MBC Ag23% 19
3.3 Enterococcus faecalis®] YA Agdd A2z 22

3.4 Enterococcus faecalis®ll & ZE] 9] EtOAc 8 FEEF FUA Y

synergy &3} 26
IV, SO ereslae M e iTrrencesncaedfenssnssaseronsirea Wl oo senssnscssasanssnses 30
V. 3 L . SN A B ... e 35

Collection @ pknu



Antibacterial and synergistic of Ecklonia cava against

Enterococcus faecalis

Seung Yong Kim

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Enterococcus faecalis is a nonmotile, gram-positive, spherical bacterium. it can be
observed singly, in pairs, or in short chains, and is most often found in the large intestine of
humans. E. faecalis can cause life-threatening infection in human, ‘especially in the
nosocomial environment, where the naturally high levels of antibiotic resistance found in E.
faecalis contribute to its pathogenicity. Enterococci begin with intrinsic resistance to most
B-lactam antibiotics because they contain penicillin binding proteins (PBPs), especially low
molecular weight PBPs such as PBP 5, which enable them to synthesize cell wall
components even in the presence of modest concentrations of most B-lactam antibiotics.
They also exhibit low levels of "intrinsic" resistance to aminoglycosides and lincosamides
such lincomycin and clindamycin. With these characteristic, antibiotic resistant enterococci

has been continuously increased. Thus, it is required to develop new antibiotics or
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alternative therapeutic agents. With the continuing demand for new solutions in the
development of effective and safe therapies, an investigation was carried out to test the
efficacy of an antibacterial agent from marine edible seaweed. The methanolic extract of
Ecklonia cava among marine edible seaweed evinced potential antibacterial activity against
E. faecalis. Among five solvent-soluble fractions of E. cava methanolic extract, the ethyl
acetate soluble extract (EtOAc) exhibited the strongest antibacterial activity with 128
pg/mL of minimum inhibitory concentration and 256 pg/mL of minimum bactericidal
concentration against E. faecalis strains. Furthermore, the interaction between antibiotic
and the EtOAc fraction was assessed by the fractional inhibitory  concentration (FIC)
indices. The combination of ciprofloxacin and the EtOAc fraction against E. faecalis
resulted in ) FIC,;;, range of 0.188 and Y FIC,,,, of 0.508 to 563. The median ) FIC against
E. faecalis strains ranged in 0.266 to 0.344. In contrary, the combination of gentamicin and
the EtOAc fraction against E. faecalis resulted in Y FIC,;, range of 0.064 to 0.188 and
Y FICax 0f 0.078 to 0.563. The median ) FIC of gentamicin -EtOAc combination ranged in
0.072 to 0.354. Thus, the synergistic ranges of FIC <1 were observed in all combinations of
two antibiotic and the EtOAc. fraction -against E. faecalis strains, suggesting the

combination of streptomycin and the EtOAc fraction resulted in marked synergy.
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Enterococcus faecalis'= % Q13Folu} Ef{-57F T2 oA AMAsts 5437

_—

A Gram FAATY A Ao = 1899y X o A Thiercelino] &
2 HaEow HZol=  Streptococcus  faecalisth il HE oy Fof
Streptococcus spp.2] 5o & FFAAE AX= I Fol 19371d Sherman
ol ]3| Enterococcus faecalis® 8T = 0] A 77FA| 2A0]3L ATF (Murray, 1990).
E. faecalis7toll <)@k AW periodontitis (X] 5=%3), urinary tract infection (2. 27+ %),

wound infection (%*]7+%3), abscesses (&) ¢ o™ 4l

ok

7} -9~ bacteremia (I
g3, sepsis (AES) 7HA dodd = dE WA Afoltd (Kayaoglu and
Orstavik, 2004). =3+ E. faecalis carbohydrates, glycerol, lactate, malate, citrate,
arginine, agmatine % keto- acids 5 T3 o U A QS thAelar 4 <22 (pH 9.6)
R g T 2oAE AFo] Thesly HAASFHS = 10ToA 45T
60 Coll A= 308 Ak AFo] Zhssittal Wil H3L-Qv} (Giraffa, 2002). ©] 2]
ol wWiwol ¢ Az, FA A, d Ay T HAHE AR AFA E
faecalis & MX-¥3}al AT Enterococcus spp. &l A& W] Eo] =2 Fow Hi
Ha Qth oA E 5o 2AAY AEFR] Salami ©F Landjager X Enterococcus

spp. & Alito] 107 A 10° CFU/g & #H& HaL, 2 #5528 2% pH, 9 ¢

FAA A i v 22 AFAAS HERITaL Baso] Ut (Giraffa, 2002). =

an

gk E. faecalis & >HEsEWT ol EY, &, A=

pUE)

24

B>

sollA sl A
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FT5 Aletol7| % st E. faecalis Yol 3 A Tm2 454700 AHET|E 7
A% BE AAL 794, FE Y Staphylococcus aureus 73l o] gk A FE
I AR S-S UERAY (Giraffa, 2002).

Ao BAAYAM AAE EAZ gFdHn dE ALS FA WA
Enterococcus spp. AlTt2] S7F2 ©]5-2 aminoglycosides, penicillin, tetracycline,
chloramphenicol, vancomycin 52 FAA ] =2 FF WdS YERH HH
T 7 o3 sAAlel gt dAdS 7Rl e oAU (multiple drug
resistance bacteria) &= X 31%| 31 1T} (Johnston and Jaykus, 2004; Hollenbeck and Rice,
2012). 53], A7} ¥al 1= A2 methicillin-resistant S. aureus (MRSA) 9] A5

£ 93 ARE&E vancomycin. o g WAS 253 vancomycin resistant

2,
18

Enterococcus (VRE) ¢ &£3d 02 ol 3L & gl ow EEol Alwo

avoparcin (445 AA) S ARE el A WA B spada @

Enterococcus spp ©| 7FA= @A G o] ek 5SS vF o R 3 w A=At
AP E = AR AFo] ThsetA FoEA Wy o] Mg o] "ozl
AbgtEo] EAlekeE FholA AWASoR A& 4 vk W= HYdA VRE

== Fig.1o] YERY 1= AA 7 vancomycin ©] AA] Al = 1958

o
r {

Collection @ pknu



Progression of Vancomycin

Resistance Enterococci

- 30 1
§
(7}
Q
E 20
° B Non-ICU
.‘E
§ 10 - mICU
2
0
[~
O -

1989 91 93 %5 97 99

Figure. 1. The progression of vancomycin-resistant Enterococci

in the United states.
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F¥ 30d0] At & o] YERYY] AlZsHE 1989~19991d 7141 9] EE ] &

e

of #al ZAEFIAL 7 AFEFE VRE E3HEO] Folds & & A
(Gary et al. 2003). 2 A=, 2001'd 12¢¥, &5 A]5-2] Royal Perth ¥ oA VRE

Hebraol 2 © AblZE Avha 5= &<t 17291 9] VRE @947 24

stom dddow s AajdAel fgawe] ugvE FAFeR A% A

7] 2ol YA

2 =
oX,
Ml
o
::OL_',
i)
Of
o,
N
Ho
)
2
frd
.1
o
r O
o
i
=
e
(il
tlo
o,
oo
rob

FAYA HAg e Al
2013b; 2014). AF7H4] AFoNAM = AASZHE Ao st ek do] =i F

Aol Ao Mgy B4 EL oJopESe] Uf Auslel gont gRE %

el AEA, Bgoldutrzlol S0 MAE 0 459 ERE guon ofF
oA gom, I An FEAEAAY HAE BAL A tduEA A
(Eom et al. 2013a). X3+, Z|<Loll &= MRSA, Listeria monocytogenes 2l T8 A+

of g HAE Foll SFEA FAYA 3ol o3 synergistic antibacterial effect
of et Bar} oy E faecalis ©] 745 olol tidt AR I BA )
(Eom et al, 2013a; Nshimiyumukiza et al., 2015). ©]ol] W& tjoto & YA E] o
@ AToh 197090 e QE] fow, AT SAAEe] HEdA

dHAA FAE AR Sg=se] Fasl EATTE Aol WE A o= &

Collection @ pknu



A A4

e

AOZ oAXH o}z g

1

R

3

©

1

R

AHe Aolef 712

ol

&2 Fig .20 YERNATE (Jang. 2004). T}

ki3

o
\_ﬂo

iy
A
%
o)

alil
<

7} ool A3 sl

B/

;O.._
50

o,

!

o]

AAHA 7 AA A

us

-

=
T

bof Abg

©

A= A BE

AA

o
1 o] 5o,

J|

]

L84

71500 o8-+l

1

9
yul

7F 3

]

>3

ER R o =

-
- A

]
A

E. facalis °l tf
Q

TgEE A

Collection @ pknu



48% 3.7% n02% 020.20% ®m0.0%
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Figure. Z%FCh in functional food ingredients derive}tvm marine

f 7 resdilirces (left) a nt (right) (2000).
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1. A3dA 5

FAZ F 60°CAAM AXAIZE. olF & gl AHEE ZEl=2013d 2€ A

T skttt AFHE ZES Taste] -80°ColA WHE R T AE AHES

St Az H A E2FE w47] (HMF-1000A; Hanil Electronics, Seoul, Korea)E &

gl I9r FHE EASln 7F slxf{ 2 (500g)2 70°ColA 3 Az &

33] "B (MeOH; 10 L x 3)= FZ3Qth e FE252 133455

(Eyela Co., Tokyo, Japan) & &=A|7]al, ¥5H HetS 255 (763 g) o 10%

MeOH (1.0 L) & %3 %82 hexane (Hexane; 1.0 L x 3), dichloromethane (DCM; 1.0

L x 3). ethyl acetate (EtOAc; 1.0 L x 3), ZL2] 3L n-butanol (BuOH; 1.0 L x 3) §H o=

w8ttt (Fig. 3). Zt7he] E8 =2 A FH 45°ColH W3 dsF7]

(Eyela Co., Tokyo, Japan) & ©]-&3}o] ZHbA] T}
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E. cava

l Extract with 10 L of MeOH X 3 times

MeOH extract

| Suspended in water

l, Partitioned with 1.0 L of Hexane % 3 times

Hexane fraction Aqueous layer
Partitioned with 1.0 L of DCM X 3 times
l’ . Partitioned with 1.0 L of EtOAc X 3 times
DCM fraction Fer—p—
Silica gel column ! Yy
Hexane:EtOAc ¢
(1:1—> 1:5) \4
EtOAc fraction Aqueous layer
Partitioned with 1.0 L of BuOH x 3 times |
BuOH fraction H,O fraction

Figure. 3. Scheme of extraction and liquid-liquid partition. n-hexane soluble

extract (Hexane ext.); dichloromethane-soluble extract (DCM ext);

ethyl acetate-soluble extract (EtOAc ext); n-butanol extract (BuOH

ext); water-soluble extract (H,O ext).
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12 A AHE | F5F 3 HiA

2 AFo = KCTC "AEAYIAE (Korean Collection for Type Cultures,
Dagjeon, Korea)oll Al ¢ W& X E. faecalis KCTC 32069 7374 tishH <

(Gyeongsang National University Hospital, Jinju, Gyeongnam, Korea)ol| 4] &% vk

=

N

Z o] B2 itF (E. faecalis P107, P130, P227, P 684, P690, P1499 2 P2088)= A}l-&-3}
St T wlES #1314 tryptic soy broth (TSB; Difco, Detroit, MI)©} nutrient broth
(NB; Difco) & A3} 21 disc diffusion assayi= Mueller Hinton broth (MHB;
Difco)E minimum inhibitory concentration (MIC) 5 “doll = Mueller Hinton agar (MHA;

Difco)E AH&-3F3 T}
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2.1 Disc diffusion assay

Disc diffusion assay ] %% +> National Committee for Clinical Laboratory Standards
(CLSL, 2009) ol 7]% =of 2 &x&4S Fddoz Hristr] 9g Wl

Al

e

452 TSB )4 Bl (37°C until an OD600-of 0.5) 3ted o=k 10*

=
CFU/mL® & MHA plate] ImL #F38te] =g & Z47to) 55 Img %
Smg©] *Z3F ¥ paper disc (6mm in diameter) S agar E'Hol|l 91x|5ko] vl (24hr
at 37°C) &vh. v gFAIZro] AU AAse] A 55 S5t FaDAES HHe

o RE Hrhe 3359 @S ABste] BEES AN stolok s,

2.2 Minimum - inhibitory concentration. (MIC) and Minimum

bactericidal concentration (MBC)

MIC testv= &t A|9] HaxGAEEE H718h= AP 22 20-24hr, 37°Col A vl &
(Grierson and Afolayan, 1999) & WA &9 ASAA L& A|Z-Hoz s},
AT AFAA A Sl MICs#k2 Mueller Hinton broth (MHB; Difco, USA )l

/] Two-fold serial dilution method® ol oJ&l TAH T EE Hrl:= 339 Ald S

10
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&Yt} HH ks A ste]of o)
7t

[0}

i)

MBC test= 99.9%°] & A|Ast7] 98] ok A HALe TS
st Algolth MBC valueEs Z274317] ¢l3 MIC test7} £ wellol Al 3 E-S F
3 W plateo] 53 T Nutrient Agar?| x| S 53 wjk3kt} (37°C at 24hr). Wl %
S Z}7Z} plate2] colonyd=E countingd}®] MBC valueE 2213} MIC test2} w}3F

AR BE g7 33 AES VIR v
2.3 A B4 A E

E. faecalis T+ B w5 FA8A 448 23S BBL™ Sensi-Disc™
Susceptibility Test Discs (Becton, Dickinson and Company, Franklin Lakes, NJ))& A}-8-3}F

o] ANFA oM % 1059 FAAZ} o] EHATH (Table 1),
2.4 Fractional Inhibitory Concentration (FIC)

E. faecalis® W3+ ZHENS} Gentamicin % Ciprofloxacin(Sigma Chemical Co., St.
Louis, MO, USA){F9] 52H4S Hr7lsle= AP S =2 Fractional Inhibitory
Concentration (FIC) (Hsieh et al, 1993; Meletiadis et al, 2010) & ©]-&3}]

checkerboard method (Norden et al., 1979) o <J3ll ¥ 7}&}3I T} FICs (LFIC) ¢ 3

11
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Table 1. List of antibiotic using this study

abbreviations antibiotic company concentration
VA Vancomycin OXOID 30 pug
C Chiloramphenicol BBL 30 pug
TE Tetracycline OXOID 30 pug
LZD Linezolid OXOID 30 pg
AMC Amoxyclillin/Clavulanic acid 2:1 OXOID 30 pug
CIP Ciprofloxacin OXOID 5 g
RA Rifampicin OXOID 5 g
AMC Ampicillin OXOID 10 nug
GM Gentamicin OXOID 10 ug
SYN Quinupristin/Dalfopristin OXOID 15 ng

12

Collection @ pknu



Uk Aol osf A= AT

YFIC = FIC, + FICg = (CA/MIC,)+(Cy/MICp)

MIC,SF MICg = 747} A 9} Bo] @5 MIC gtolm, Ca%t Coi= ASF BE &3t
Re o Y dFel tiEl HAA He A% BY ASAE s=E S|tk

AR Gt AJUA &= A FTFIC (TFICw)H AW YFIC (XFICw,) #&
312 & FIC indexell-©] 3l #7}ekt} (Choi et al. 2010). 7 E& 7] BEaNRE =
A 5 e g SFIC,2 UEiH, o wo] ¢, 0 Cp BEE WeHg
S 9 7P aRAer &S ANV SRS VT TFIC, S AlYA
2 YEhiliE 7H ES FFIC #ol, YRICSt 7 AuA mte Mes 1
EbWIT) FIC index <0.5 & synergistic, 0.5 ~ <1.0 = week synergy, >1.0 ~ <2.0 &

indifferent “12] 3L >2.0 <> antagonistic®. %2 3 7}gtt} (Fig. 4).

A EA Aol Zh& SPSS 12.0 (SPSS Inc. Chicago, IL) & o] &3] A 4]

3193l P<0.059] §-ogFoll A F 7kt

13
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64 32 16 8 4 2 1 0.5

64

antibiotic

FIC (Fractional inhibitory concentration)
=FIC N\ + FIC 5

* FIC N MIC % in combination/MIC N alone
* FIC 5] MIC 5 in combination/MIC s alone

The FIC index indicated synergy:
The FIC index indicated synergistic effect:
P <0.5 synergy, >0.5 to 1 additive effect, >1.0 to 2.0 indifferent FIC=>4 antagonism

Figure. 4. FIC (Fractional Inhibitory Concentration) index and calculation

14
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3.1 3FF MeOH F=E9 J4EA

Disc diffusion assay<  ©|-&3t] E facalisol tHI AW ® 15Fe

:Oé,
BN
i
fru
e
o
<
[¢]

o
T
o
fi
il
o
a2t
=1
il

oX,
e
b
i
ol
R
&
5
(@]

V)
2
i
A
=
P
o

fu)
:oé
Q
-
rob
(ws]
(@]
B
Q
=
~
-
=
z
=3
2.
E
5
N
[+*)
O
®
~
=
&4
o,
r2
-
iy
i
s
bt

dA A & A7l AR 15F9 slER{ FEE oM AE MeOH
o

%ol E facalis KCTC 32069 94 254

4

i

5
EFI AT} (Table 2). img o] el FFEo] & Aol AM8H 8F 2 E facalis
ol el 10.5mm~12.5mm&}- clear zone> WA= Ao ® UEOoH, o=
2

MeOH FZEo] & 271 E faecalis] that =4S B} @o)

E. faecalis®| et ) FE=o] dadAdo] il &5 A4-E WAedstr] 98
F718uE o] &35t IS 313 AP A INE Table 3.9 YEFAAT o2 &
8 FE5E TolA EtOAc W& FEFE0] disc diffusion assayoll X E. faecalis®l] T

7MY =2 I EAH S BT (diameter of clear zone around the disc = ranging

15
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from 14mm to 15.5 mm for 1mg/disc). ©] A3} EtOAc &2
a9 BFELE 7

FE=E0°| E. facalis
& Bol 3Fetar dvke

= HaetE YJAgtt (Kim et al,

16
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Table 2. Disc diffusion assay of seaweed methanolic extracts against Enterococcus faecalis

Zone of inhibition (mm)?

train
Samples KCTC

3206 P 107 P 132 P 227 P 684 P690 P 1499 P 2088

Ecklonia cava  125+0.1  115+02 120£0.2 11.0+0.2 10.5%0.1 125+0.3  115+01  11.0+0.2

Eisenia

. , 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
bicyclis

Scytosiphon

. 9.0+04 8.5+0.1 9.0+0.2 9.0+0.2 8.0+0.3 8.0+0.1 7.0+04 8.0+0.3
lomentaria

Undaria
pinnatifida

Ecklonia
stolonifera

Hitzikia
fucales

Laminaria

. . i 3 o 1 . 4 6.5+0.3 -
Japonica

Sargassum
Sfulvellum

Ishige

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
okamurae

Ulva lactuca - . E B - B R _

Ulva perutsa 9.5+0.1 8.0£0.1 9.5+0.4 9.5+0.3 8.0+£0.4 9.5+0.2 85+0.1 8.0+0.2

Enteromorph

. 9.0+0.3 9.0+04 7.5+0.2 8.0+0.1 7.0£0.3 7.0+£0.3 6.5+04 7.0+0.1
a linza

Codium
fragile

Chondracant
hus 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

a) . . . . g
Seaweed methanolic extracts (5 mg/disc) were loaded onto a disc (6 mm in diameter).

b) . . ..
—, no detected antibacterial activity.

17

Collection @ pknu



Table 3. 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 100402  7.0+04 -9 150+0.3  11.0£0.3 -
I I I I

E. faecalis isolate P107 ~ 115+04 95402 - 15504 12501 -
I I I I

E. faecalis isolate P130 1204019001 = 14.0+0.3  11.0£02 -
I I I I

E. faecalis isolate P227 11.0£03  9.0£0.2 - 15.040.2  11.0+0.2 -
I I I I

E. faecalis isolate P684 =~ 105+04 65403 - 15.0£02 ~ 11.0£0.1 -

E. faecalis isolate P690 ~ 125+04  115+03 | 9.0£03  155+02 125403 -

E. faecalis isolate P1499  115+02  85+04 - 15.0£04  12.5+0.3 -

E. faecalis isolate P2088  11.0+01  9.0+02 - 155+03 = 12002 -

a) ! .
The methanolic extract and its solvent-soluble extracts from E. cava were loaded onto a

disc (6 mm in diameter) at concentrations of 5 mg/disc.

b) . .
MeOH, methanolic extract; Hexane, n-hexane-soluble extract; DCM, dichloromethane-
soluble extract; EtOAc, ethyl acetate-soluble extract; BuOH, n-butanol-soluble extract;

HzO, water soluble extract.

) . . ..
—, no detected antibacterial activity

18
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3.2 el F2E9 MIC ¥ MBC A324%

AYAIFQ] disc diffusion assay Al 8-S &3l FEIY AAAAQA IS F<
SHE T o] Ao = MIC E MBC testES Fole] 7] AZFHQl &
BAEE BV E faecalisol Wete] & 6714 8 FEE] A EAES H

7}t o MIC value™ 128 pg/mLolA] 1,024 ug/mLo]’d7FA] (Table 4) tF3}A

Jot

Yelgth #3 FE5E 3 EtOAc 58 FEEL 7F44-S MIC valueE YE O

=<

o 128 pg/mLe] FEE X9 E faecalis KCTC 32063} 752 245 (P
107, P 132, P 227, P 684, P 690, P'1499, P 2088) <] 4742 <td3s] oJA|ait) o]y
gk A= e 9] EtOAc soluble fraction®] WA B AT Aol gt g

dol 7H Holyt= V£ A 23S LAskal Atk (Choi et al. 2010;

Eom et al, 2013b). B3, A Al B AF= Aol thgt 2xF FE559

v

EtOAc w8 F&&Eo| 7}E At e

mlo

YEtW g EAS M Bl 3
f8FaL 21TH= Eom etal. (2011, 2013a)2} Lee etal. (2014)9] X a19l= x| ghc),

7] 9] EtOAc 3 FEES Al HAMdHEEE H71elE MBC test A&

MIC value®.th 2815 Z¥et] @& & oA Ao Hx JFoT2HE
99.99% Z2tito]l 7hsde YERARITE EtOAc ¢ #3 FEE°] 256 pg/mLolA]
1,024 pg/mLol’de] F= WM FEwF F FedFe] o] oA wh
W EtOAc 8 FEES BE ol 55l 256 pg/mL == 4ato] 318y

AT} (Table 5).

19
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Table 4. Minimum inhibitory concentration of the methanol extract and its soluble fractions

from Ecklonia cava against Enterococcus faecalis strains

Unit : pg/mL
Fraction
Strains MeOH” Hexane DCM EtOAc BuOH H,O

I E. faecalis KCTC 3206 I 512 I 1,024 I >1,024 I 128 I 256 I >1,024
I E. faecalis isolate P107 I 128 I 256 I 512 I 128 I 256 I >1,024
I E. faecalis isolate P130 I 256 I 256 I 512 I 128 I 256 I >1,024
I E. faecalis isolate P227 I 256 I 256 I 512 I 128 I 128 I >1,024
I E. faecalis isolate P684 I 256 : 256 : 512 : 128 I 256 I >1,024
' E faecalisisolate P690 256 256 512 128 - 256  >1,024
I E. faecalis isolate P1499 I 256 I 256 I 512 I 128 : 256 I >1,024
I E. faecalis isolate P2088 I 128 I 256 I 512 I 128 \ 128 I >1,024

a) 1 g
MeOH, methanolic extract; Hexane, n-hexane-soluble extract; DCM, dichloromethane-

soluble extract; EtOAc, ethyl acetate-soluble extract; BuOH, n-butanol-soluble extract; HzO,

water-soluble extract.
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Table 5. Minimum bacterial concentration of the methanol extract and its soluble fractions

from Ecklonia cava against Enterococcus faecalis strains

Unit : pg/mL
Fraction
Strains MeOH” Hexane DCM EtOAc BuOH H,O

I E. faecalis KCTC 3206 I 512 I 1,024 I >1,024 I 128 I 256 I >1,024
I E. faecalis isolate P107 I 128 I 256 I 512 I 128 I 256 I >1,024
I E. faecalis isolate P130 I 256 I 256 I 512 I 128 I 256 I >1,024
I E. faecalis isolate P227 I 256 I 256 I 512 I 128 I 128 I >1,024
I E. faecalis isolate P684 I 256 : 256 : 512 : 128 I 256 I >1,024
' E faecalisisolate P690 256 256 512 128 - 256  >1,024
I E. faecalis isolate P1499 I 256 I 256 I 512 I 128 : 256 I >1,024
I E. faecalis isolate P2088 I 128 I 256 I 512 I 128 \ 128 I >1,024

a) 1 g
MeOH, methanolic extract; Hexane, n-hexane-soluble extract; DCM, dichloromethane-

soluble extract; EtOAc
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3.3 Enterococcus faecalis®] YA A LA A P27

Vancomycin W4 VRE % vancomycin-resistant S. aureus (VRSA) 7% ARE ¢
3 AFRE= A linezolid®}t tigecyclineo] A= EIH o7 AFRE I §)
o} (Lee et al, 2013). 3FA9F, A28 A 2] o= B Hdto] glomz XA

SHor AT Aoz qdEs A dAdTe 2dE A 9

tlo

alternative therapeutic method =A] &8-S UElhls AAET A WA
Ein

of gk aeS o FAA ] HE&S Fal SlojHe FAA e
S 3 AFEel Wawal Qth (Eom et al. 2013a, 2014; Lee et al., 2014;
Nshimiyumukiza et al., 2015). o]l & <59 A X disc diffusion assay2} MIC assay=

Sl E. faecalisel THI A7 Fdt 23S 7HAAL H 9] EtOAC £ FEE

A A|7ke] W 8o 9|3l antibacterial synergy effect o] w3t AFE X dP3}SIT}.

O

-

°olE ot WA E faecalis FTIet 7EY ATl tiste] ohFd
antibiotic ©| th3+ WA 7F4AS disc diffusion assay> E3 4] sl EF
5%l E. faecalis KCTC 32062} w2121 E. faecalis isolated P690 = P1499S- A|
gk Y] FE2] ol A ciprofloxacin?} gentamicin ] thdt A5 A A3 (clear
zone)©] YER}A] 2SIt} (Table 6). 2|3t <l E. faecalis isolated P1499+
ciprofloxacin 9| A5+ clear zone®] WEF}FA] &9dt). o] Ay= 559 FE|At 9

7 -, ciprofloxacin¥} gentamicin®l] et WAS 7R3 & YAINA T (multiple

drug resistance bacteria) ©]¥}i= ZS oW gt} (Johnston and Jaykus, 2004;
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Hollenbeck and Rice, 2012).
E. faecalis wTE° Wt F FAA ] I HE MIC assay= HF 4313
Ciprofloxacin> ¥ < KCTC 3206 o A& Al MIC #ko] 0.0625 pg/mL

R

il

o] A9-E 4~8 ugymL & FAHAT} (Table 5). T 2]
FE (P107, P227, P 684, P1499 % P2088)2] ciprofloxacin®l] gk MIC #-2 A

A W2l 714k MIC breakpoint value Q1 2 pg/mL Rt} 25 =2 gk

rlo
o

7HA]

7] wjiEell ciprofloxacin®l] gk A WS F5Frhar wdE Tt (Hillgren et
al. 2011). 3FA W} gentamicinS E =752 KCTC 3206 7o 48 Al MIC %t°]
0.125 pg/mlL=Z T AT 49T 2~ 64 pgmL = 415 O] gentamicin
©] MIC breakpoint value 21 500~1,024 pg/mL Bt} 7% 7] o] B oI Flof A
AVEE FE T T ES gentamicin AT w5l ASoRE FA HQITE (Hillgren et

al., 2011; Table 7).
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Table 6. Antibiotic resistance against Enterococcus faecalis strains

Antibiotics
vAY  C TE LZD AMC CIP RA AM  GM SN
Strains
I
E. faecalis
KCTC 3206 15 26 26 26 22 14 12 15 12 8
T T T I I T
E. faecalis
isolate P107 18 26 10 34 24 AG 10 24 AG 10
I faccalis ' ' ' '
E. faecalis
isolate P130 18 AG 10 32 30 26 16 28 AG 14
I faccalis ' ' ' '
E. faecalis
isolate P227 18 24 8 30 30 AG 18 26 AG 12
I faccalis : i ! :
E. faecalis
isolate P684 18 % 10 26 29 AG 18 26 AG 10
I faccalis ' ' ' '
E. faecalis
isolate P690 10 26 12 30 30 22 18 34 12 18
T T T I I :
E. faecalis
isolate P1499 20 24 10 30 30 AG 18 22 16 10
I faecaliy N ' ' : '
E. faecalis
isolate P2088 16 20 8 30 30 AG 18 20 AG 10

VA, 30 pg of vancomycin; C, 30 pgof chloramphenicol; TE, 30 pg of tetracycline; LZD,
30 pg of linezolid;*”AMC, 30 pg of amoxicillin/clavulanic; CIP, 5 pg of ciprofloxacin; RA,
5 ng of rifampicin; AM, 10-pg of ampicillin; GM, 10 pg-of gentamicin; SYN, 15 pg of
quinupristin/dalfopristin.

YAG, all grow.
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Table 7. Minimum inhibitory concentration (MIC) of antibiotics against Enterococcus

faecalis strains

MIC values (png/mL)

Strains
Ciprofloxacin Gentamicin

I
E. faecalis KCTC 3206 0.0625 0.125

I I I 1
E. faecalis isolate P107 4 64

I I I 1
E. faecalis isolate P130 % 64

I I I 1
E. faecalis isolate P227 4 32

I I I 1
E. faecalis isolate P684 8 32

I I I 1
E. faecalis isolate P1499 4 2

I I I 1
E. faecalis isolate P2088 8 64

a)

—, no determined.
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3.4 Enterococcus faecalis®| W3+ ZE]9] EtOAc &8 FE2E39 &
A A 2}2] synergy &3}

AT Aol Az FAAES Adshs A 2o dd=olv A A

oot

b Altel digk AdEAl AsA=REH #Fd @ Fadd =23 HEsko
FAA ] A dPE I HshE slo] o 2 Wyolgks Aol Hadol U
(Eom et al. 2014; Lee et al., 2014). = Ao X & E. faecalis® Wt 7HE]2] EtOAc
w8 FEEI g8 93 ciprofloxacin, gentamicin®| E. faecalis®l| et
/9] A4S aE FIC assay= 3 7}3}31T}. Ciproflocaxin<> Table 8ol WERT %17}
2ol ZHEl EtOAc 8 F=&E (8 pgmlL)S HE ALE3S ® 0.5 pgmL <
ciprofloxacin F7}oll E. faecalis 7752 S4= AL + AU AR o=
ciprofloxacin & T AMESFQlS W] Huf 8320 W2 X2 E faecalisit 2] A
T JAT F AU Adow 4 HAY (P107, P227-% P1499 w9 EF- 8
v, P684 2] 79 16vl; P2088 o] -9 32u)). olejgt ANE viFgoR
FIC valueZ A4Mel ¥ 23 YFIC ., YFIC 3 YFIC F3hgke] ZH2b 0.188,
0.508 ~ 0.563 3 0.266 ~ 0.344= UEFRATE (Table 8). A YFIC . YFIC =3
YFIC =3tgko]l B4 <1.0 olate] g Wehligl7] witel ZHele] EtOAc 3
FE5 ciprofloxacin®] W-8AL8-2 E. faecalisv ol ™3l week synergy &¥}7} 1}
Efvb= 2102 UERTE (Lee et al., 2014).

gentamicin-> Table 90 b 23} o] ZHE| EtOAc w8 F5& (8 pg/mL)S
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HE ALE3FS S u) 025 ~ 8 pg/mL 2] ciprofloxacin 7}l E. faecalis % 2]
TS AT 4 AT AF}AHO R gentamicin = T ALEISGS W Hu
B R W FLE R E faecalisyt el BHES AT ¢ ode FHoE 4 HA

o o2k AiE Wgo® FIC value® AXbs| 2 A3 yFIC , YFIC 3
SFIC SZgkol Z+7; 0.188, 0.258 ~ 0.563 & 0.175 ~ 0.354% L}E}SETL (Table 9).
A3 YFIC ., YFIC % YFIC F1tgko] B4 <1.0 olste] ahs YERSZ] o
o ZE2] EtOAc 3 FE & ciprofloxacin®] H8A-8-2 E. faecalisttol U
3l week synergy & ¥7} YERYE Ao 2 UEFST (Lee et al., 2014). 3P4 TF QFA]
7123k mpel 2ol gentamicin®] MIC #k®] MIC breakpoint value: ¢1 500~1,024
pg/mL BT} B 9] wifo] 2 A4 AR FE]dTELS gentamicin 7F

54 FFd Aow puEe] AFANE FAARE FAHoloF T Aot}
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Table 8. Minimum inhibitory concentrations (MIC) and fractional inhibitory concentration
(FIC) indices of the ethyl acetate (EtOAc) fraction of Ecklonia cava in combination

with ciprofloxacin against Enterococcus faecalis

Minimum
. Test MIC Median b) ¢  concentration
Strains Compound (“g/mL) ZFICH) ZFICmax ZFICmm for ObserVing
synergy
E. faecalis EtOAc 128 8
isolate 0.266 0.508 0.188
P107 Ciprofloxacin 4 0.5
E. faecalisl EtOAc : 128 8
isolate 0.297 0.531 0.188
p227  Ciprofloxacin 4 0.5
E. faecalisl EtOAc . 128 8
isolate ; 0.297 0.508 0.188
p684  Ciprofloxacin 8 0.5
E. EtOAc 128 8
Jaecalis , 0.344 0563  0.188
isolate  Ciprofloxacin 4 0.5
P1499
E. EtOAc 128 8
Jaecalis = , 0297 0563  0.188
isolate  Ciprofloxacin 16 0.5
P2088

a b (v
)ZFIC, the sum of FICs; ) ZFICmm, the minimum Y FIC; )ZFIme: and the maximum

d
Y FIC. )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: ) FIC =

FIC, + FIC,=(C,/MIC))+ (C,/MIC)), where MIC, and MIC, are the MICs of drugs
A and B alone, respectively, and C, and C_ are the concentrations of the drugs in

combination, respectively.
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Table 9. Minimum inhibitory concentrations (MIC) and fractional inhibitory concentration
(FIC) indices of the ethyl acetate (EtOAc) fraction of Ecklonia cava in combination

with gentamicin against Enterococcus faecalis

Minimum
. Test MIC Median b) ¢  concentration
Strains compound  (ug/mL) Y FICY 2FICha™ 2 FIChin for observing
synergy
E. faecalis EtOAc 128 8
isolate 0.354 0.563 0.188
P107  Ciprofloxacin 64 8
E. faecalis EtOAc 128 8
isolate 0.198 0.281 0.125
P227 Ciprofloxacin 32 4
E. faecalis EtOAc 128 8
isolate 0.175 0.258 0.125
P684  Ciprofloxacin 32 4
- EtOAc 128 8
Jaecalis 0072 00781  0.064
P1499 Ciprofloxacin 2 0.25
- EtOAc 128 8
fl"s‘i)‘l’zt’es 0354 0,563 0.188
P2088 Ciprofloxacin 64 8

a b c
)ZFIC, the sum of FICs; ) ZFICmm, the minimum ) FIC; )ZFIme: and the maximum

d
Y FIC. )The FIC index indicated synergistic; <0.5, addictive; 0.5 to <1.0, indifferent; >1.0
to <2.0, antagonistic; >2.0. > FIC was calculated for each well with the equation: Y FIC =

FIC, + FIC,=(C,/MIC))+ (C,/MIC)), where MIC, and MIC, are the MICs of drugs
A and B alone, respectively, and C, and C_ are the concentrations of the drugs in

combination, respectively.
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Enterococcus faecalis= T2 Q17Foly X fF 59 oA Aasts STV
Gram Mol A Aoz AW periodontitis (*|5-%), urinary tract

infection (2 27+%35), wound infection (% *]173%3), abscesses (5 ) ] o Al

e

7%~ bacteremia (:T& ), sepsis (HEZ) 7HA o 5 = WA Aol
U}, X3k E faecalis carbohydrates, glycerol, lactate, malate; citrate, arginine, agmatine
2 keto- acids & TFE olUA S thAbsta A4 4z (pH 9.6) 2 1Y T
AN Aol 7hset HHAFH S 10TAA 45Tt 60Tl A% 30
T AL ATo] Vhestial Bal Ha itk o] #gt SA4o] T]Qlete] H B
AN Azbek AR YFHa e A2 FAA WA Enterococcus spp. ATt
o] F7FR o]5L aminoglycosides, penicillin, tetracycline, chloramphenicol,
vancomycin 9 AN FL2 T WS YEhhH ES F 7FA] o]

WS 7HA 3 = SHA A (multiple drug resistance bacteria)
% B35 3 9t} (Johnston and Jaykus, 2004; Hollenbeck and Rice, 2012). 53], A
7F H3 = A2 methicillin-resistant S. aureus (MRSA) 2] X855 9|3 Al&%

gk A4S &53E vancomycin resistant Enterococcus (VRE) 9] &
AN F7toltt, A WAdte] EdRE SV Enterococcus spp.2l 3734

o JYE YAAW F A0S FAA] FgelN S 5 ek webA o
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A FEdTE U o= disc diffusion assays &3 HEIIOH o] T 71 &
g0l F4d Ae FE=S AU E AT A | FEE 5%
9] &l (Hexane, DCM, EtOA¢, BuOH, HO) = B3 W ==350] disc diffusion

assay'i& olgste] FoEAYE HIISISIGE O A3} EtOAc 23] FE=0] E

faecalis 7+ T3 10.5mm~12.5mme] clear zoneS /3l A=
o] 7+l MeOH F=Eo] & |2 FHU E faecalis?) ek 522

o] 3

Frekal Slth= A ofwlshirt. Ed A=Al H7e MIC 3 MBC

test= X3 A7} 128 pgmle] TEE FF7T9 E faecalis KCTC 32063} 7%

o] B2 (P 107, P 132, P 227, P 684, P 690,P 1499, P 2088) o] A2 <
Azt A & = Ao 9 EtOAc FEE2 Al Haidds

7Fsl= MBC testo] Al %= MIC valueR U} 28] E 233514 &+ 5% (&

2
ol
12

k1
f
o,

L
N
W
(@)}

pg/mL) = Aol HE HF o FEHH 99.99% o] 7l e WE At

AgAT Adg ngom A Yo =dS A7 fgh alternative

therapeutic method 24| &S Yepll= A= A WAool
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99 gojule dAAe Bee Bal QojmA A Frasue] B
3 AESAT. 2 AFo A= disc diffusion assay2} MIC assayS &3l E. faecalis
of o 4w G &S AT e BOAC ¥ FEEI FAATY Y
2o 2]3l antibacterial synergy effect © st ATFE PR o Aol o]&
9 FaAE AHew oleuE 1059 FAAE Aestdn A¥e BBL™
Sensi-Disc™ Susceptibility Test Discs (Becton, Dickinson and Company, Franklin Lakes,
NJ) & AR8sto] AAaginh Al A3} EF 772 E. faecalis KCTC 320691 22
59 E.  faecalis isolated P690 X P14992  A|L]t ] R T A
ciprofloxacin?} gentamicin ©° gt A5 AR 3F (clear zone)©] YFEFLFA] 2 drE
(Table 6). =278l E. faecalis isolated P14995= ciprofloxacin ol A%t clear zone©|
UERR] okt o] A 5F T A9, ciprofloxacin®} gentamicin©ll
st WS 7HA a1 e BRA| WA+ (multiple drug resistance bacteria) ©| 2= A
S oulElgitk o) & HFF O R E faecalis w-FE] 3 F FAAY F7HS

MIC assay= 5 #2413k 43} Ciprofloxacin> <=7 5-¢1 KCTC 3206 0 4

O

& Al MIC gte] 0.0625 pg/mL=Z T E2|dFE59 2= 4~8ugmL 2 24
ATt (Table 7). U 2 TFTE (P107, P227, P 684, P1499 = P2088)<]
ciprofloxacin®] gt MIC 2 A WA 7]=3kQ] MIC breakpoint value <!

2 pg/mL Bt} 5 =2 kS 7HA] 7] wlitell ciprofloxacin®l] th$h A WA S
T

2

R

S5tk B T; (Hillgren et al. 2011). 3FA|9F Gentamicin <8

fr

KCTC 3206 5ol A& Al MIC %ol 0.125 pg/mLz e B FTE9 4%
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2 ~ 64 ug/mL 2 A% 0] gentamicin 2] MIC breakpoint value 1 500~1,024 pg/mL
Hop 25 9] gZe] & Aol A AREE e FES gentamicin A o

0] 2

1 Aoz FA HAU (Hillgren et al., 2011; Table 7). &4 A3E EYZ %

)
2

FEEY FHAE AL S o ojust dsAtEo] YEhEA ERls)
7] 98l FIC testS 233} t}. ciprofloxacine 7FE] EtOAc #3 FEE (8 pg/mL)

S B8 A3 S u 0.5 pg/mL 2] ciprofloxacin 7}l E. faecalis 7752

2g AT 4 lom ANAHSE ciprofloxacin = THE AMEEIGIS W BT}
8~328] W& FLEE E faecalisvto AHES AT 7 v FoE B4 HIUG

(P107, P227 % P1499 352} 739 8 #ll; P684 2] 7-¢- 164, P2088 <]
45 32w ol2idt ARE HPFOR FIC valueZ ANte]l ¥ A3 YFIC
YFIC Bl YFIC F3bgke] ZH2} 0.188, 0.508 ~ 0.563 % 0.266 ~ 0.344 = L}E}RkT}
(Table 8). A3} YFIC ., YFIC . R FFIC F7rgko] 25 <1.0 ©|3te] g e
7] witel #HEI] BtOAc w8 FEE3 ciprofloxacin®] W-E8AME2 E
faecalis7oll T3l week synergy & ¥} 7} YELU = Zlo2 YET

gentamicin< 7 E] EtOAc 8 FEE 8 ug/mL)S W& AFE3SISS W 025~8
ug/mL ©] ciprofloxacin 7}l E. faecalis 7752 T2& AT 4+ Ak 2
YA O 2 gentamicin & ©H AFESIYS wf B 2T o8u W2 FLEE E
faecalistt®] AEHS AAT 5 A= Aom B4 HAT. oY F Ais wEo

Z FIC valueZ A8 £ 23 YFIC , YFIC % YFIC F3bgko] 7k} 0.188,
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0258 ~ 0.563 % 0.175 ~ 0.354% L}EFET} (Table 9). A7} YFIC_, YFIC_ 4
YFIC Fitgke]l B <1.0 olate] @S YeERfA7] wio] e ] EtOAc w8
FE5 ciprofloxacin®] W-8AL82 E. faecalisv o ™3 week synergy &¥}7} 1}
B Zlo® yeth kARt 9 713k vkek o] gentamicin®] MIC gko]
MIC breakpoint value 91 500~1,024 pg/mL RU} 5 $t7] wjto] 2 Ao A}
|8 T TES gentamicin A T Ao griEo] AlPANE P
AR 2 g ojof & Folt}

AT Ay Al gel AR =Y S el A2 =2l

e

off

b el SAlelAl ol GRS daB B e Hd AEzA o

¢

n 7k Jow FAATE obd AA=ES T3l T8 A= Al E faecalis®] A
S ARG ol A WS 7FA AL L& multiple drug resistance E. faecalis
of digh axkAgl Alo] Wiez AH Fd FEES VIS AL B AL
o= A Fgol wE FAA W] = HAER ofyE A A

A ARARE o] &d T U= AS BHAFAT oldd dyt= AF A

5 AANY 5 AA Ae@ARAe] dal o AR Qe ATE Aol o

Fe oJopn SHolAe] @] $3F 4 UL Zoletn YA
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