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ABSTRACT

Objectives : Methicillin—Resistant Staphylococcus aureus (MRSA) is a cephalosporin and beta—lactam
antibiotic—resistant strains, In most cases, that is spread from infected patients and infection rates are growing
increasingly. Thus, accordingly, increased resistance to antibiotics is causing serious problems in the world,
Therefore, there is a need to develop alternative antimicrobial drugs for the treatment of infections diseases,
Methods : The antibacterial activities of Sinhyowoldosan were evaluated against 3 strains of
Methicillin—resistant staphylococcus aureustMRSA) and 1 standard Methicillin—susceptible S, aureus (MSSA)
strain by using the disc diffusion method, minimal inhibitory concentrations (MICs) assay, colorimetric assay
using MTT test, checkerboard dilution test and time—kill assay was performed under dark,

Results : The MIC (minimum inhibitory concentration) of Sinhyowoldosan water extract against S aureus
strains ranged from 500 to 2,000 ug/mL, so we have confirmed it on a strong antibacterial effect, Also, the
combinations of Sinhyowoldosan water extract and conventional antibiotics exhibited improved inhibition of
MRSA with synergy effect, We suggest that Sinhyowoldosan water extract against MRSA have antibacterial
activity, it has potential as alternatives to antibiotic agent. the combination test was used, Triton X—100 (TX)
and DCCD for measurement of membrane permeability and inhibitor of ATPase, As a result, antimicrobial
activity of SH is affected by the cell membrane were assessed,

Conclusion : We suggest that the Sinhyowoldosan water extract lead the treatment of bacterial infection to solve
the resistance and remaining side—effect problems that are the major weak points of traditional antibiotics,
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oz d#A i, BmE Beta-lactamA| ﬂ‘—rﬂﬂ"ﬂ LH’HO]
9lo ™ aminoglycoside, quinolone#d YA 5 fjRE
FAA ol ZFet WS 7HAL o AE F *P%?-_rc’l 3:2—71 Lt
2ol A AR Azt 2A2 gEE 9o,

A8 A2 A =& °l HH FAAA ] g WA A
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g 5 e RoltP Y. AEUEANRkEE) S SR
WHHGREREE AR =550 Jon tXARJACKHET
), 1F@EREDOl 242t 12g02 FAH e A=
paat pgo] olZUA FHAlHA 12X XSt HEE o]d=
Hdro] 5B FE 4 glo] ofE AL Ame}’,

A F AAFET)E FES(RmEH S fs0] 9o &
& (Mmsutim), FFTHSEEEES) S el 1F(ER
2 pEe SAEEME AR 252 S (R 1kRR)
sl mboz ALK ZHgo] Y, B =Ee o] A&
Y=ARS o]83F  Methicillin—Resistant  Staphylococcus
aureus°l gt Y-S do| Bt} Fiet

As 9D 49y
1. A=
1) A4ot
B Ago] A3t iRhiaki(SH)S  (REsEs) 0 A

& 7ZzoZ Fgon, ALHE AL dixRel, mEjoz
dietaiorR (el SR)elA Fostel WAske] AMgstant

2) S| 2 A2k

Ago]| ARgRE A2k Ampicillin & Oxacillin & Gentamacin
& Ciprofloxacin & Norfloxacin & Vancomycin (SIGMA),
Mueller—Hinton Broth & Mueller—Hinton Agar (BD), dimethyl
sulfoxide[DMSO], MTT[3—(4, 5—dimethylthiazol—2—yl)—2,
5—diphenyltetrazolium bromide, 5 mg/mL]&= A]Z1n}Aq]zk
AHMO, USA)oA, sodium hydroxide[NaOH] (DAE
JUNG, KOREA)OA st ARg-8H3Tt,

3 #F

2 Ao A3 #F MRSA [ATCC 33591]9F MSSA
[ATCC 25923]= ATCC (American Type Culture
Collection, Manassas, VA, USA)A FY3H,
DPS-1,2+= Wdistn ¥ (4, g=holA MRSA BEA}
23 A5t YA FE2 AMEIIA,
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SH & F&&2 At 133< 4
mLEZ 2A7HY 230 go FEIIglen, At 53t
T4 =xsto] 4TAN EFSIT. Aok ddsRael =
of Aol AR&SHATE (Table 1),

Table 1. The composition of Sinhyowoldosan

Herbal Name Pharmacognostic Name Weight(g)
BT Gardeniae Fructus 12
BRE Alpiniae Officinari Rhizoma 12

Z4Zye] dFEL 70T deep freezeoA 10% glycerol]
HI3}3, Mueller—hinton agar (MHA)®l| F£3sle] 37° C

incubatoro| Al 24A17F vj¥ & 0.5 McFarland & €%
(1.5 x 10° CFU/mL)& Agol A-sgirt,

3) Antimicrobial resistance testingg)

MRSA 739 mecA gene? AZL PCR (Polymerase
SFZ7)1E o]g3¥tt. PCR HF2 MRSA
Argstel kst

chain reaction) &
Primer mix kit (Genotek Co, Korea) <
tHTable 2).

Table 2. Determination of the mecA gene of the S aureus strains
used in the experiment

S. aureus Class mecA p —Lactamase Antibiotic resistance
strain gene activity pattern
ATCC 33591 MRSA + + AM, OX

ATCC 25923 MSSA - - -

Clinical isolates

DPS—1 MRSA + + AM, OX
DPS—2 MRSA + - AM, OX
+ : positive ; — : negative, AM : ampicillin ; OX : oxacillin,

DPS: staphylococcal strains from the Department of Plastic
Surgery, Wonkwang University Hospital.
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) & Edt =X (Disc diffusion method)

FHadt= ta3a A (Dise diffusion method)ol 2
) =459 Mueller—hinton agar (MHA)ES ¢}
I3l petri— dlsh°ﬂ 23 e, # 100 uLE 21T =
BstAct BE FFE= 37C incubatoroll A 24A17F v SR
on, 15 x 10° CFU/mL 2 343t MHAY] HE2Ho=
1.5 x 10° CFU/mL7} €A sigith. thgos @a @
paper disc(6 mm)o] SH 500, 1,000 2,000 ugd}t
ampicillin 10 ugS FYste] A3 ZLAZl & 37T
incubatorol| Al 24A17t HJFAIA paper disc? FAFL EF
3t F9o] FAE inhibition zone?] AL &AFIHTH

L)

5) &
MIC) &3

Minimum inhibitory concentration (MIC)+= x| ==
M Sa Sty Y. SHE AAuiA] s=d=
A7ska, o7)o] gx2 15 x 10° CFU/mLE @& 7&
10 L HEste] HFHoR 1.5 x 10° CFU/mLe] HA 3t
At 2o 2 37T incubatorol A 18A17F vljokst Zoj

AM[=sE  (Minimum  inhibitory concentration,

[e]
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sktikEko] welAdde] W/do] &= Staphylococcus aureusol| Higt oAl &

oz PANGS © wARol FUHA g Y e
SHH =2 MICZ ZHstacH?.

6) AUSHES
Index, FICI)

Checkerboard dilution test + SHQ} AR FHAYAIQI
ampicillin, oxacillin, gentamicin, ciprofloxacin,
norfloxacin, vancomycing %A 39S o] A &
=9 H3IE =3 FHAYAEE (Minimum inhibitory
concentrations) 2 2Asgrt?. &= JFEHS MHBE R
Zotq &H R 3N, FFYL 37T incubatord]
A 24N7F iR ol AMgStglom, HEHOZ 15 x
10° CFU/mL 7} ®A hict,

Fractional inhibitory concentration index (FICI)
FICA+FICB = [A]/MICs+[B]/MICp [Al= W& A=Y
FEoln, MICae ARES MICO|th, FICIE 0.57|9h
synergy, 0.591A4 0.757}A]%= partial synergy, 0.76%-F
1,009 additive effect, 1,004+ 4,099
indifference, 12|31 4.00]4+ antagonism & w2cH?,
webx o]F9 WHYo| wet T YFERY TR

5t synergy
H&S S

3} (Fractional Inhibitory Concentration

7) Time—kill assay

Time—kill curve assay= SHQ| Fxof wZ ulg|g|olo]
7S 4AZE, 8AIZE, 16A17E, 24A17F EE2 Tz s YEY
b’ FFEAe TdtEE 3/ MICE Zgsiglon, &
ARt HEetHE we BHEglol =5 S5t B 2ot
24X 7F vjFE #S AREIIE o, 1.5 X 10° CFU/mL
7|&o 2 3dle] MHBES 1008% <£Xxog 3|43},
100 uLA =254t control2#= MHBel| w9 H|s}
A}, Colony countse= 37°C incubatoroll Al 24A17+e] 744
€ F31 30~300 colonies® A3t}

o |

8) MRSAO] CHSt M=at Euty 3l ATPase 2A| 71

SHO| 3#&Alo] membrane £+ 2] HEFI} ATPase
Ao o= A Aol A=A E7|Y3H SHo| Membrane
ENANE FAA7E FEQ Triton (Triton X—100)3:
ATPase inhibitor2# AFEEE"® DCCDE ¥WL3te A=
o] AEES WAsIET), 0.1% Triton?} 200 ug DCCDE
AHgstel SH 1/16 MICOIA gaae Ak,

9) SAIEA
HE AL 33 oA HkESg 1, AHAZAINE= Microsoft

office excel 20072 ©]&3}o student s t—test E4HS
Agslgey I e FF+EFFAAZE YeERYL, AlFe
£ 95% (p < 0.05)d4 BAA o4 HSstcth

A 3
1, 23 4] (Disc diffusion method)
Z MSSA (ATCC 25923)0l CHStH SFaetM

A 61

MSSA (ATCC 25923)°ll4:= SH 1,000~2,000 ugolA A
E0] 8~12 mm¢l clear zone°| Ugon, =% oEFHozgz
Z7Ft L AM 10 nge) 3ty Hrohs Wokth(Figure 1).
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Figure 1. Zone of inhibiton against S aureus ATCC 25923
(MSSA). These data are Mean=SED for triple—independent
experiments. AMP: Ampicillin
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2) HEAZT MRSA (ATCC 33591)0l Chgt ShastM
=x747}

MRSA (ATCC 33591)°4= SH 2,000~1,000 pg= 3

£ 39S w ASo] 8~12mm?l clear zones Rt}
(Figure 2)
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Figure 2. Zone of inhibition against S aureus ATCC 33591
(MRSA). These data are Mean=+SED. for triple—independent
experiments. AMP: Ampicillin,

2. 252351 (Fractional inhibitory concentration
Index, FICI)

1) &KX Gentamicin 2t SHe| &
SHi} gentamicin®}e] & O%EJ—}E- E A3iHTable 3)

MRSA (ATCC 33591)9A4= SHE 1/8 MIC, gentamicin
2 1/8 MICEZ Ads=r} @43 T4

=7 S5z
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Table 3. Result of the combined effect of SH and GT against S. aureus

MIC(ug/mL) MIC(ug/mL)
SH GT'

S. aureus strain N FICI

With Wit

Alone ar Alone SH
MRSA (ATCC33591) 1,000 125 500 62.5 0.25
MSSA (ATCC25923) 1,000 250 15.63 1.95 0.375
MRSA (DPS-1) 1,000 250 250 125 0.75

MRSA (DPS-2) 1,000 500 62.5 31.25 1

*GT : gentamicin

2) SX| Ciprofloxacin o} SHe| HEs1 =&Zn}

SH} ciprofloxacini}e] EHEa7E 2 A7 (Table 4)
MSSA (ATCC25923)°4= SH+= 1/8 MIC, ciprofloxacin
L2 1/16 MICS &3= Ho] FICIZ} 0.1875 synergy$l &
HE Bgom MRSA (ATCC 33591)2 oFEo|A 1/882
ol AdflegE EIth

Table 4. Result of the combined effect of SH and CP against S
aureus

Mlc(gl"j’l/ ml) MIC(ug/mL) CP'
S. aureus strain - - FICL
Alone Vél}t)h Alone véllt{h
MRSA (ATCC33591) 1,000 125 250 62.5 0.375
MSSA (ATCC25923) 1,000 125 125 7.81 0.1875
MRSA (DPS—-1) 1,000 250 250 62.5 0.5
MRSA (DPS—2) 1,000 500 250 125 1

*CP: ciprofloxacin

3. The time—kill assay
1) EETF MRSA (ATCC 33591)0f CHEH AfEITM

-4t

MRSA XEEFF9 MSSA E&EFFol| tigh SHe| A7te|
e PFEAHS St Fo BAAEE UEhd Tzof
A= Z+Zke] SH 3/4 MIC®} gentamicin 1/2 MICE Z&
SHES e 79 JAIe] FHE HIE HolA] gAW SH
¢} gentamicing ®H-E3t9S Mol 16A7HA] o] A
5| fadtes AL & S Aok (Figure 3).
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Figure 3. Time—kill curves of S. aureus MRSA 33591 using SH,
GE: Gentamacin

2) BEEAE MSSA (ATCC 25923)0f CHSH AEt=AM
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FZFF 259239 oiF SHS} ciprofloxacin® FICI=
0.18752 =2 AYRE Rgomg SHE CPE R39S
o, Azte] Age] whet o] FZHHA AFEsihrt 24417k
A A3 AA =Hdok (Figure 4).
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Figure 4. Time—kill curves of S aureus ATCC 25923 using SH,
CP: ciprofloxacin

4, MRSA] gt AlZet =3l U ATPase
A 714 S34d5}

DetergentS ARESIS] SHS membrane FI}Ado] 7stE
L gas 27|93 SH 1/16 MICS 0.1% Triton—X (TX)
S 9esne  SHY FRBAL BFSAT. TXE 27

= MEgA 19 FYHES BT AT ol LA=
Whslel okgel MEE Rahge SN Aotoz" SH
9] membrane FIHIE FTHA F9 FEHE FFojF=

23E FUth(Figure 5).
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Figure 5. Effect of membrane—permeabilizing agent Triton on the
susceptibility of S aureus (ATCC 33591) to SH. The viability of
bacteria was determined by a spectrophotometer (optical density
at 600 nm, OD600) after incubation of 24 hr with 1/16 MIC SH
and 0.1% TX. The data are Mean*+SEM. for triple—independent
experiments.

ANzt odz] Ho] AsA=A Z-gs= DCCD20) 200
ugd} SHE ¥83sl9S 9 S, aureus (ATCC 33591)] cjgt
AAAREE B Ay}, o] BEHo| st h(Figure 6).
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Figure 6. Effect of ATPase—inhibitors agent DCCD on the
susceptibility of S aureus (ATCC 33591) to SH. The viability of
bacteria was determined by a spectrophotometer (optical density
at 600 nm, OD600) after incubation of 24 hr with 1/16 MIC SH
and DCCD 200 wg. The data are Mean+SEM. for
triple—indipendent experiments.
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3. HRcbkEGE ARk oFEWE ATolA MRSA
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