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Abstract

In an effort to discover an alternative therapeutic agent against methicillin
resistance Staphylococcus aureus (MRSA), several medicinal plants were
evaluated for its antibacterial activity against MRSA. A methanol extract of
Hovenia dulcis seed exhibited significant antibacterial activity against MRSA. To
perform more ‘detailed -investigation on antibacterial activity, the methanol
extract of Hovenia dulcis seed was further fractionated  with -organic solvents such
as n-hexane, dichloromethane, ethyl acetate, and n-butanol. Among them, the
ethyl acetate fraction showed the highest antibacterial activity against S.
aureus and MRSA strains with minimum inhibitory concentration (MIC) from
512 to 1,024 ng/mL. The n-hexane fractions also exhibited antibacterial activity
against MRSA strains, even though the activity was less than that of ethyl
acetate fraction. No antibacterial activity against MRSA, however, was
observed in butanol and water fraction. The ethyl acetate fraction also
exhibited the antibacterial activity against other bacterial strains including
gram-—negative food pathogenic bacteria. Content of phenolic compounds was

the lowest in the ethyl acetate fraction compared that of other fraction,



suggesting that the anti-MRSA activity of H dulcs seed would originated from
non-phenolic compounds in the ethyl acetate fraction. However, the anti-MRSA
activity in the hexane fraction would mainly resulted from the phenolic

compounds since the content was the highest in that fraction.
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Staphylococcus. aureus=°] d5stA WA methicillin® 2+ B-lactams
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Al ¥+ methicillin  resistanat S, aureusMMRSA)Z  H3}skAl H T}
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Az = UH

1. A=
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ROz FAF A FAA Aol A -3kt
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dgad Ao ApEs e FAAC dde] sl S aureus (KCTC

1927), 7 ¥< MRSA (KCCM 40510 and KCCM 40511), 5okt e
A 283 7F 2] MRSA, Bacillus subtilis (KCTC 1028), Escherichia coli
(KCTC 1682), Pseudomonas aeruginosa (KCTC 1637), Salmonella
typhimurium (KCTC.11925), Vibrio parahaemolyticius (KCTC 2729), —1L¢]
11 Klebsiella pneumoniae (KCTC 2242)& AF&3FATH Aldo] AlgH &
1+ 22 KCTC (Korean Collection for Type Cultures; Daejeon,
Korea)®} KCCM (Korea Culture Center of Microorganisms; Seoul,
Korea)oll A &Eggton el sotthstul o Fefstoll A it
of At&sldth B H59 AWl A = Mueller Hinton broth (MHB,
Difco, USA)E AF&3te] 37C Higstom disc diffusion assayoll+=
Mueller Hinton agar (MHA, Difco, USA) & A}-&3}th.

3. Al ¢



FEGEM o] AFEH Al 22 Folin-Ciocalteau reagent, sodium carbonate,
gallic acid, sodium nitrate, aluminum chloride, potassium acetate,
quercetin, hydrochloride acid, vanillin, catechin™ Sigma chemical (St.
Louis, MO, USA)AF®] Al F< AF&3tTh

Dimethyl sulfoxidei:= Sigma chemical (St. Louis, MO, USA)AF2] A
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Dry seed of Hovenia
dulcis (1kg)

extracted with MeOH
concentrated in vacuo.
(353.349)

methanol extract Residue

1
r 1

suspended in H,0
n-hexane : H,0 (1:1)
1

n-Hexnae Layer Aqueous Layer
I dichloromethane :
) H,0 (1:1)
n-Hexnae Fraction I 1
. Aqueous Layer
dichloromethane Layer Ethyl acetate : H,0

| {1:1)
i
Aqueous Layer

n-Butanol : H,0 (1:1)

dichloromethane Fraction |
Ethyl acetate Layer

Ethyl acetate Fraction £ 1
n-Butanol Layer Aqueous Layer
n-Butanol Fraction Aqueous fraction

Fig. 1. Scheme of extraction and liquid-liquid solvent fraction.
The powdered sample (1 kg) was extracted at three times with 1 L of
methanol at 70C for.3 hr and filtered. The combined filtrate was
concentrated by. rotary evaporation at 40C. A liquid - liquid solvent
fractionation. was performed according to relative polarity.
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7. Proanthocyanidin- 3 &

Proanthocyanidin®] %3542 vt 22 W] &t (Sun et dal,
1998). 0.1 mL9 F=8&HL 0.6 mLe 4% vanillin - methanol &3} 0.3
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Fig. 2. Calibration curve of authentic gallic acid at.765 nm.
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ol o] MAAL Y = 0.0621X + 0.1203 o]a2  3|HAAIF = 0.9986°]

AT =2 odx Fuz =AAY. AIFFE nPEEL7}
McFarland standard turbidity 0.59] =2& w7} 37CelA MHBe| Hj <k
skl

Fulokel 1 mLg 34eke] oF 10° CFU/mLS E£&38lx A Aldi+

M-S MHA HEASo ®*F3star 247 %5E2 10 mgsl %= paper

9. AxAEE A

7} FEE3  vancomycin® 9 H A A F = (minimum  inhibitory
concentration) += 2} F%%E ¥ vancomycing 1,240 wf/mLolA 1 pl/mL7}
A A&4£H o2 National Committee for Clinical Laboratory Standards
(NCCLS, 2002)14 A=k 2 fold dilution method= MHBel 3 7}3F 3t
A ¥t FE McFarland 057} %% 2331 o] o HF9 01 mLE F
F38le] % volumeol 1 mL7} ¥ %% dth. MRSAS A% tzxio=
FELdo]l oA &2 59 Mueller Hinton brothell sttt #
T 5, 2z viAE 37Tl A 24413 wjFate], o] Aol oA FHA

$EE A7e ol @ AroAFEn A4sdh 4P o] wEo
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Table 1. Antibacterial activity of methanol extract of various plants against

aureus and methicillin resistant S. aureus (MRSA)

Staphylococcus

Medicinal
plants
and
seaweeds
tested

Zone of inhibition (mm)

S. aureus MRSA

(KCTC (KCCM

1927) 40510)

MRSA MRSA

(DH
70503)

MRSA
(DH
70504)

MRSA
(DH
70505)

MRSA
(DH
70506)

MRSA
(DH
70508)

(KCCM

40511)

MRSA
(DH
70510)

MRSA
(DH
70517)

Laminaria
japonica

Undaria
pinnatifida

Angelica
gigas

Citrus
nobilis

Hovenia
dulcis

Cartbamus
tinctorius
Cnidium
officinale

135 135

135 -

13:0 125 13.0 13:0 14.0 11.5

13.0

9.5

145

12.0

9.0

10 mg of methanol

extract from various

samples was loaded onto a disk (8 mm in diameter).

experiments. —, no detected antibacterial activity.

_14_

Data are the averages

of duplicate



Table 2. Antibacterial activity of different solvent fractions of Hovenia dulcis seed methanol extract

against Staphylococcus aureus and methicillin resistant S. aureus (MRSA) strains

Profile Zone of inhibition (mm)

of

solvent

S. aureus MRSA MRSA MRSA MRSA MRSA MRSA MRSA MRSA MRSA
(KCTC (KCCM (KCCM (DH (DH (DH (DH (DH (DH (DH
1927) 40510) 40511) 70503) 70504) 70505) 70506) 70508) 70510) 70517)

extract

Hexane
. 15.0 15.0 14.5 13.0 13.0 14.5 14.5 13.0 12.0 12.0
fraction

CHxCl2

fraction

11.0 11.0 11.0 ™ = = - - - -

Ethyl
acetate 175 17.0 73] 15.0 16.0 17.0 16.0 155 18.0 14.0

fraction

Buthanol

fraction

Water

fraction

Solvent fractions were obtain as described in materials and Methods. 10 mg of each sample was loaded onto a disk (8 mm in
diameter). Data are the averages of duplicate experiments. —, no detected antibacterial activity.
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=49 s o
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v 7l =

KeX O
=

A

105 mm, 185 mm, 120 m= & 37 Q&

1.2. MRSA & SAAUF L) F5=9 MIC

Yol Al A<3k nvlel 7ol ethyl acetate 2 o] disk

MRSA°] s 7p3 73k addgS HoFAn. 5714,

-1 =

/mL 2 Table 40 AA|SHA e LT

, S typhimurium, V. parahaemolyticus, P. aeruginosa °l| %=

o2 A

34

diffusion assay©l A

YREDAS, AeTs,
dolo =X Fd

(
advy

hexane &+ 9]

Hel wet MICH =

e

ol tfglk-ethyl acetate =32 MICZt2 512-1,024 ug

Penicillin® Al ZH & k57 sle] Aoz slog &A7]= ez &
HA Q3 AXHEFAAES Aests Aoz &8 = vancomycin®] (Barna and
Williams, 1984) gram- negative wE9lAl= 237 gl A & F <
wE ) AU Al methanol FEEY SvlEEE°] MRSAE X938t
gram-positive®} gram-negative 7 E°] 3] FdHEHS BHoFE AS HoE
oz kA w7t Fo] HEHE S HoFt



Table 3. Antibacterial activity of different solvent fractions of Hovenia dulcis seed methanol extract against

several bacterial strains

Profile of

Zone of inhibition (mm)

solvent Bacillus
subtilis

(KCTC 1028)

E. coli
(KCTC 1682)

extract

Vibrio
parahaemolyticus
(KCTC 2729)

Salmonella
typhimurium
(KETC 1925)

Pseudomonas
aeruginosa
(KCTC 1637)

Klebsiella
pneumoniae
(KCTC 2242)

Hexane
. 95 -
fraction

CH:Cl2

fraction

12.0 = 13.0

Ethyl
acetate 145 -

fraction

= 10.5 185

Buthanol

fraction

Water

fraction

Solvent fractions were obtain as described in materials and Methods. 10 mg of each sample was loaded onto a disk (8 mm in
diameter). Data are the averages of duplicate experiments. —, no detected antibacterial activity.
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Table 4. Minimum inhibitory concentration (MIC) of solvent fractions
of Hovenia dulcis seed methanol extract against

Staphylococcus aureus and methicillin resistant S. aureus

(MRSA)
MIC? (ug/mL)
Strains Hexane Ethyl acetate .
. . Vancomycin
fraction fraction
Staphylococcus aureus
512 512 05

(KCTC 1927)
MRSA® (KCCM40510) <1,024 512 2.0
MRSA (KCCM40511) 1,024 512 2.0
MRSA (DH 70503) <1,024 <1,024 2.0
MRSA (DH 70504) <1,024 1,024 2.0
MRSA (DH 70505) 512 1,024 1.0
MRSA (DH 70506) <1,024 1,024 2.0
MRSA (DH 70508) 1,024 1,024 2.0
MRSA (DH 70510) 1,024 1,024 1
MRSA (DH 70517) 1,024 1,024 1

‘MIC (Minimum inhibitory concentration) of each solvent extract and
vancomycin was determined by the two-fold serial dilution method in Mueller
Hinton broth.

bMRSA, methicillin resistant Staphylococcus aureus.

‘NA, not active.

_18_



1.3. AT td AMYFEr FE2E¢ MIC 34

e Al Ed thafd = MRSAC] d3f2 o] 9l ethyl acetate &3}
hexane &9 8-S dFH oz =A3aA}, two—fold serial dilution =
Hell wel MIC#S A3t MRSATEZ v A5 g
ethyl acetate 2 2] MIC#2 512-1,024 pg/mL = Table 50 #HA|SHA
B AT

A A = gram-positive AT olY 2} gram-negative AlTolE &3}
Aolojob gt AMAE s B oW, UV e 1o 7ide] A
Edolt. &, dAA SN B 2L V3¢ 3 MRSA £4& 3

7FEAY H 3o g AA g @R vaneomycin? ThE & MRSA 7] A&

2

slRane grage dEsy] s dxd AR vkl

I
"

9592 methanol

6 =
Eo] gujd EEFEO FEFEL water £80] 6339% =2 7HE EZgkom

M

butanol, hexane, ethyl acetate, dichloromethanes=°]%lt}. o] &wjd

Gue] Fgol F4ol ke F2 Sue FYRA A AnE wof

AN
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Table 5. Minimum inhibitory concentration (MIC) of hexane fraction and
ethyl acetate fraction of Hovenia dulcis seed methanol extract

against several bacterial strains

MIC? (yg/mL)

Strains

Hexane Ethyl acetate .
. . Vancomycin
fraction fraction

Bacillus subtilis

1,024 1,024 05
(KCTC 1028)
Escherichia coli

<1,024 <1,024 NA
(KCTC 1682)
Pseudomonas aeruginosa

1,024 1,024 NA
(KCTC 1637)
Salmonella typhimurium

<1,024 1,024 NA
(KCTC 1925)
Vibrio parahaemolyticus

1,024 512 NA
(KCTC 2729)
Klebsiella pneumoniae

<1,024 <1,024 NA

(KCTC 2242)
‘MIC (Minimum inhibitory . concentration) of each solvent ' extract and

vancomycin was determined by«the two—fold serial dilution method in Mueller
Hinton broth.

PNA, not active.

_20_



Table 6. Yields of solvent fractions of Hovenia dulcis seed methanol

extract
Solvent .
. Amount of extract (g) Yield (%)
fractions
Hexane
. 21.3 4.77
fraction
CH,C1
2 5.7 1.27
fraction
Ethyl
acetate 14.6 3.27
fraction
Butanol
Hrano 103.8 2323
fraction
Water
. 298.6 62.39
fraction

_21_



3. Y FEE] =552 phytochemical ¥4

3.1. & polyphenol & F

giAstel AFS Bal Fus, F L FT 5o U/5S AAE R
o2 eld ATHChoi et al 2009). A EoIA-iel B4 FaEdol o
B3 AEA BAEE deht SUh b 23R Abgrs 33 B

< Folin-Ciocalteu reagent’} F=&2< Zgds4 FgEo s U5
of ZYBEAl FHo 2 WA= AS APE FA8HATE 1 A3 Table 7
oA Hi=nke}l o] sAMYF duf 95% methanol 59 & ¥ =3t
14 mg/g= 7t &l g2 04 mg GAE/gol A 55 mg GAE/go 2 e
t}. Hexane ©£3%°].55 mg GAE/g =2 F 3ol 714 =gkon

dichloromethan, butanol, water 12|31 ethyl acetate =°| 1t}

3.2. Flavonoid9 &3

Kim et al, 2004).

_22_



Table 7. Content of total phenolics, flavonoids,

and proanthocyanidin of

fractions fractionated from Hovenia dulcis seed methanol

extract
Total phenolics Flavonoids Proanthocyanidin
Samples (mg GAE/g, (mg RE/g, (mg CE/g,
dry basis) dry basis) dry basis)
Methanol .
erhano 14 +01° 04 + 00 18 + 00
extract
Water
04 = 0.1 04 = 0.0 16 £ 0.1
extract
Hexane
. 55 + 04 1.1 £ 0.0 1.2 £ 0.0
fraction
CH,C1
22 12 + 06 03 + 00 15+ 00
fraction
Ethyl
acetate 0.8 £ 0.1 0.3 = 0.0 15 £ 0.0
fraction
Butanol
Hrano 1.1,+.08 04 + 00 16 + 00
fraction
Water
. 09 + 02 03 = 0.0 15 £ 0.0
fraction

Means with different letters within a column were significantly different at

P<0.05

“Each values was presented as the meantS.D. (n = 3).
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Ruting o] &3}o] A2t 2t &8 F+559] flavonoid &2 Table
7oA E 5 Aok F dAsddy vlus] ®BkS wf, hexnae 3 =°] 1.1
mg RE/g &2 flavonoid & @o] AY =931, ethyl acetate &8 &=o] 0.3

mg RE/g = 7H& ol

3.3. Proanthocyanidin®] St

(2l
e

= dodle 9%l 2242 deA JV|E stk Wb A del e 4b
A& e gy @ 22175 o3 kst & 8(Tebib et al, 1994), 85 =
d 28l &E A5k (Tebib et al, 1994), WA 3} o W (Monboisse et al.,

1983) ¥wh ofyet 4kst Aol oal ¥F8 =35 BAG] FAA,
et A o] Fof(Kanner ef al, 1983)¢} 22 nizt

Y
ot
42

ol
filo
ol
ol
=
%9,
rlr
poy

o7 oa#A Yrt AEAo-9lo) A & Proanthocyanidin®] YEl &= 3
ksl a7 Fad oE AYEd ojv] xEuv LRl-Fd e dHE
shetE o] bzt &M E & dHA o™ (Frankel et al, 1995;
Teissedre et al, 1996; Mayer et al, 1997; Walker et al, 1991), =L &3}
= Hed Cy EXRTE 9% Ao g Ba¥ il 9)th(Jayaprakasha, 2001).
Pronthocyanin 24+ pH differential methodE ©]& pHWH3}o] w}& 7}

A FxWIE o] &ste] FASAT. pH differential methode A7Z2-&

ol

_—

7FZ pH 10014 FE%H+E oxonium¥ I pH 45904 FExHE FA9
hemiketal& 2] =}olo] wlge Fa 9lom AHIbslw wZ =HHoT Al
45 31 9 tHGiusti & Wrolstad, 2001)

zZy7bo] g w3 =% 59 proanthocyanidin %S 1.2 mg CE/goll A4 1.6
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mg CE/go & Table 7¢] vy 9lar, butanol®E 3 Eo] 714 =& 3akS
R AT}
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& ¢

E A4 E 839 W #ZEe T deldow 4y wxAdA HA] 3
A S AT (Methicillin-Resistant - Staphylococcus aureus @ MRSA)9

el Aol 73 A I BES A Hal d=HY Rzt

G DS AT MRSAC sl @vte AAS & A3 sURURE
uj o] methanol FZF YA =g P S HAFATY TF5ESQ 10 mg
/diskoll A S. aureus; MRSA®| thal 135 m=Z -5+ &t =
£ 3 methanol F=ES & gsto] F o AASHA A EA stz
sttt 570e] &l S ethyl acetatei: o] =2 FHFAS Ho]F o
1 ethyl acetate =32 MRSA 5ol thsl 512 pg/mLelAd 1
/mLe MIC#< HoF3L 3t

HE, AEdA AT, Gl A FNN T Z2 A=A E
A flavonoids, pelyphenols, limonoids, carotenoids, coumarins¥}
phytosterolsell /] f-#gtch . @A, - polyphenols;” flavonoids, &
proanthocyanidine FAFsFA RS0 9] ethyl -acetate & #9] 2 g7
Hl3l] =& S HAFAR, flavonoids & &o] thE FHTE Yt

I - (e}
o]Z %3 hexane® &9 AL flavonoids® A &Eol|lA sttt Azt

!

a 2 = 9lil, ethyl acetate&orE= v ZHHEA ARolzt:=E AS
52 4 Ak
oA d

AA AF8%E 3 9+ vancomycin®] A X =2 A 9] sfHEE T
oly e} vancomycin®] AFEHES =Y F e AT Ewol 2 F s

o7 7 hE
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