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Objectives Methicillin-Resistant Staphylococcus aureus (MRSA) is a human pathogen
and a major cause of hospital-acquired infections, New antibacterial agents that have not
been compromised by bacterial resistance are needed to treat MRSA-related infections, In
this study, we investigated the antimicrobial activity ofethanol extract of Haedokgeurnhwa-san
(HGH) which prescription is composed of korean medicine against MRSA,

Methods The antibacterial activity of HGH extract was evaluated against MRSA strains
by using the Disc diffusion method, broth microdilution method (minimal inhibitory concen-
tration; MIC), checkerboard dilution test, and time-kill test; its mechanism of action was in-
vestigated by bacteriolysis, detergent or ATPase inhibitors, The checkerboard dilution test
was used to examined synergistic effect of ampicillin, oxacillin, ciprofloxacin, vancomycin,
gentamicin and norfloxacin in combination with HGH ethanol extract, A time-kill assay was
performed a survival curve which was obtained by plotting viable colony counts depending
on time on bacterial growth,

Results The minimum inhibitory concentration (MIC) of ethanol extract (HGH) ranged
from 1,000 to 2,000 «g/mL against all the tested bacterial strains, respectively, We are
able to confirm that HGH extract has potentially strong antibacterial activity, In the checker-
board dilution test, fractional inhibitory concentration index of HGH in combination with an-
tibiotics indicated synergy or partial synergism against S, aureus, A time-kill study showed
that the growth of the tested bacteria was considerably inhibited after 8 hr of treatment with
the combination of HGH with selected antibiotics, For measurement of cell membrane per-
meability, HGH 250~1,000 «g/mL along with concentration of Triton X-100 (TX) and
Tris-(hydroxymethyl) aminomethane (Tris) were used. In the other hand, N,N-dicyclohex-
ylcarbodimide (DCCD) and Sodium azide (NaNs) was used as an inhibitor of ATPase. TX,
Tris, DCCD and NaNs cooperation against S, aureus showed synergistic action, Accordingly,
antimicrobial activity of HGH was affected by cell membrane and inhibitor of ATPase,
Conclusions These results suggest that Haedokgeurnhwa-san extract has antibacterial
activity, and that HGH extract offers a potential as a natural antibiotic against MRSA, (J
Korean Med Rehab 2015;25(2):1-13)
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Methicillin-Resistant  Staphylococcus aureus (MRSA)T
A = (Sraphylococcus aureus) 2 70~80%5 2
Ak g 34 0 FE pETon gdgel 1 F
7¥ta Qe Aot} S aureuse coagulaseE AYAds)H
= zow o) A Bl AR 9 Son
ST o= doTl= MU elAd R deA 2l
119400 Znboll AT T AT A5
gt#Eo] 9738k penicillin, methicillin 52| SAYAE AL
f3te] gou} 1961 @ F=rolA methicillinel] WS X
o]+ methicillin WA 34 £ =AM (Methicillin-resistant
Staphylococcus aureus; MRSA)©| RuEdoy. MRSA=
B -lactam, aminoglycoside, quinolone, macrolide ¥}FA¥
Aol sl vHAl s 7L ol Am T e
U= AL F3] AlgkE] i 7 F APgEe] =
7] ol A AAH R Ae EAE diFEa
MRSA®] ¥ 7F9le udHT 3t oscles &

Z o, o], WAl AW e Y ofslE Qlgh

RE e TR RET] THRLE T Hx
2 2 Aton Frmue, Ve oz A
Imioh 7} BEA] R AL Azl Sk
BTN T, B, Eolt, #25, RS, Ao
2 =] glov], WAlTAde AuRd i AEsh #
ROl B TS #3MT, FaR 3 folt, #2, A
% FRESS FofEete] FHaNE ARSI Bikmste] o
Eog oldo] AA 2o e AL xm}”’,
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g 7ze] A7E A= ) dg e, 40
FEI gl g e, A 5e pge] at
3, A 590 pfel MEEAT FFad o] Ve
o] o] Qe B SRR, MLl ol
g 7= olx kA Had np} gick
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Aate] 71 AR} RS FEES BPAY o
AS w) AEsaF(synergy effect) @ A7}E3Hadditive
effec)® ZABIAAL, O Uolrl mdatise] e
o] MxEut T ATPase Aol o] =7k
Aglske] folg Ao U)ol washe vlold,

AS D vy

1. M=

B o) AREEE S v (Haedokgeumhwar san:
HOH) Tl s 7Iges stglon, e
Rl wAn, W, EF, Bof, R, Ao E A
ZHEE oA tiEtgkers (i, gh)ell kel 2
gste] A8t

A& oA Al Oxacillin, Ciprofloxacin, Norfloxacin,
Ampicillin, Vancomycin, Gentamicin, Mueller-Hinton Broth
(DIFCO), Mueller-Hinton Agar (BD), Dimethyl sulfoxide,
N,N-dicyclohexylcarbodimide, Triton X-100 (SIGMA),
Tris-(hydroxymethyl) aminomethane (AMRESCO), Sodium
axide (Fluka), MTTI[3-(4, 5-dimethylthiazol-2-yl)-2, 5-di-
phenyltetrazolium bromide, 5 mg/mLIE AF&3F3Ic},

B 3ol ARg3F 7 MRSA [ATCC 3359119} Methi-
cillin-Sensitive  Staphylococcus aureus (MSSA) [ATCC
259231 ATCC (American Type Culture Collection,
Manassas, VA, USA)ollA 48}, DPS-1, 3, 4, 5, 6
© et Wl MRSA Hizk=RE A3k
WEFE ARSI,

HHH
o -

n

1) A2l Zon|dh

fRRaIENS #M, =M 7 8 g, Filt, #Z, AR,
FAE5HE 2} 4 g5 70% ethanol 500 mIZ 2A17H 23]
go] FE8oH, AWEET v $2AUEsk] 4.45
g (F5F 13.9%S dof 4°Collx] Hastdeh. Aok
DMSO (Dimethyl sulfoxide)oll =of A& ARSI
(Table 1).
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2 25 et 4 c1a3 sy
Zz}e] #FE-E —70°C Deep freezeol|A 10% glycerol st tla=m E2PH(Disc diffusion method)S
o] B3}, Mueller-Hinton Agar (MHA)OI @56}04 E3) =439, Mueller-Hinton Agar (MHA)Z 3L
37°C incubatorol|A] 24A)17F wjek & 0.5 McFarland ¥ HL ‘I“—rf'O}Oﬂ petri- d1sh°ﬂ =3 oL, 1 100 plE JF
E(1.5%10° CFU/mL)2 A8 ol A543t} W3t} EE #5= 37°C incubatorolA] 24A17F Bl
o} ]_oﬂou:] 1.5%10° CFU/mLE 3]AJ8te] MHAC] &

3) Antimicrobial resistance testing
Hog 1,5><1O CFU/mLO] 5]7]] ]— 1:} \:}~— 2 it
b

mecA A4 &S 913 PCR (Polymerase Chain H paper disc (6 mm)el] HGH (500~2,000 ug)< 10 «L
Reaction)-& MRSA Primer Mix Kit (Genotek Co, Korea) A Fol5le] ebAE] S4A17] 3 37°C incubatorol|A] 24
2 olgste] AFALe AAHE AdEIT TE AZE v kAIA paper disc F9Joll FAJH inhibition zone
MHA®IA 23] Al ake] ARESFAIL, 300 w19] Al o] AAE A3k
Zal esHolx 1~57H¢] Fehs Ea1, dEg Fof

5) F|2 NS
100°CollA] 208 F<F 7Fd3}bgic}. 12,000 rpmellA 104
AR T EUSl 2 418 DNAR FESHEE H2OMEEMIOE WA VIS SEe B9 245
AT, POR AHES 24 cgarose gelol RIGER e WELIK FHES BN Y2 1

T ethidium bromide® GA3}e] 2Fe]d F7] ¢4 3, oJ7)d] 822 1.5%x10° CFU/mLE 9 #S 10 sl
554 bpe] bandE gRlstom, YFohehu W & HEste] EHoR 1.5x10° CFU/mLo] HA| 8] E}

2]E mecA & TFE O ERE, FFTFQ S aur -0 2 37°C incubatordl|X] 18A]7F sl 3o 3t
eus (ATCC 25923)5 74 tix= o]&s3irk(Table 1), 2 HHEEGE W wAEe] FAHA v TP w2

HGH| %8 MICE ZA3hitH™,

CIEHIR S
Table I, The Composite of Haedokgeumhwa-san 6) f=EE=mt

Herbal Name Pharmacognostic Name Dose (g) Checkerboard dilution test= HGHS} 738 A1
Coptidis Rhizoma 8 AM, OX, CP, VC, GE, NRS Hax|2] 31992 ul] 34A)
F5o Wees B3 MICE Itk F dEEe
MHBE HZste] =apdos sielslrt. HEde 37°C
incubatorol|A] 24A17F wljokst S0 AlgEG o, HEA
02 1.5%x10° CFU/mLo] FAIEI; Fractional inhibitory

Phellodendron amurense Cortex
Scutellaria baicalensis Rhizoma

- M3

Atractylodes macrocephala Rhizoma
Paeonia lactiflora Rhizoma

S S O OBk EE BE
=g =

o ¥

NS NN

Poria cocos

Table II, Determination of the mecA Gene of the S aureus Strains Used in the Experiment

S, aureus strain Class MecA gene B -Lactamase activity Antibiotic resistance patternn
ATCC 33591 MRSA + + AMF, OX T
ATCC 25923 MSSA - - -
Clinical isolates
pps-17 MRSA + + AM, OX
DPS-3 MRSA + + AM, OX
DPS-4 MRSA + - AM, OX
DPS-5 MRSA + - AM, OX
DPS-6 MRSA + - AM, OX
+: positive, —: negative.

*AM: Ampicillin, Tox: Oxacillin, TDPS: Staphylococcal strains from the Department of Plastic Surgery, Wonkwang University Hospital.
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concentration index (FICI)=FICA+FICB=[Al/MIC [A]+(Bl/
MICIB], [Al= H-88F AekE9] Foln], MICIAlE AHE
2] MICo]t}, FICI= <0.5, “45a 3K (synergy effect); 0.5
to 0.75, ¥ A a3H(partial synergy effect); 0.76 to
.0, A7Fa I (additive effect); >1.0 to 4.0, T2} (indi-
fference); and >4.0, A& (antagonism)< w2,
webd ool Wslel wek T arEdel vk A%
HE&S S8kt

7) Time-kill assay

Time-kill assayt= HGH] A|7tol| w}2 vlg|glole] &
AFEE BIIIE) 4ARE, 8AIRE, 16A1RE, 24AF =
OD#S ZA4ate] Yehiey ™, whelgjol= 18AIE 1
oFste] BFEE 1.5x10° CFU/mLE 24 7S 10 #] 3

}o:] HEHoz 15%10° CFU/mLe] 7] 3}9l1, oF
BT HGH 1/2MICe} 384 1/2MICE Z+zt
E]?, HGH 1/2MIC+ 334 1/2MICE A 2]}
o}, hrFo e MHBY| @it HESH)

%

Qe

ol
-

g
7
8) fEELTEET detergente| EhekM

iR Teae] Fagdo] AXH Fapde] Ml of
= s dwel x| Lohly] 918 HGH olehes
= Uoﬂ ;\ﬂﬁuk E_,,}HO Z;{]}\] = o]:%o] Txgl_ Tris%
74z}t W85t 0.1% TXQ} Tris 31,25 1 g/mlS HGH
o} W-gste] IS skl

Table III, Antimicrobial Activities of HGH Extract against S
aureus Strains

Diameter of zone of inhibition (mm)

S
100 ug 500 #g 1,000 g 2000 ug
ATCC 25923 14 ND 7 10
ATCC 33591 13 ND 6 8
DPS-1* 13 ND 6 9
DPS-3 13 ND 6 9
DPS-4 14 ND 7 8
DPS-5 12 ND 6 8
DPS-6 13 ND 6 9

*DPS: Indicates staphylococcal strains from the Department of
Plastic Surgery, Wonkwang University Hospital. TND: No de-
tected activity at this concentration.
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9) & EEgTl ATPase-inhibitorsQ]

ool
ko

.|
— o

4 TEEe] FrEAdo] ATPase Ao o= Ax ¢
Aol UEA dohlly] 918l HGH olgheFZEEo
ATPase SJAIA =A™ AgEE DCCDS} NaNsE 242t
14351990}, 31.25 1g/mL DCCDS} 0,1%2] NaNsol| HGH
2 383te] FRWYE S

10) SA=A

RE ¥ 33] o RO o]Fojxon ARA
= 7} o) wle} HF+EEAIHSEMZ Fake] 1
2442 Student's ttest BAHS |83l AlF4E
99.9% (p<0,001)A FAZ Fox1= Hrisidet, =
RO Z= SPSS. ver, 195 ARSI

r
N
N
o

7‘_3_31]-»»»

R

S aureus©l] 3k HGHE| SEde t)jA~a SAPHS
S JAAEE A8t wEE IAES vttt
(Table TII). MSSA (ATCC 25923)% 1000 x g/discollA]
7~10 mme] A2l FAENIL, MRSAS] BE T
£ HGH 1000 s g/discolA] 6~9 mme] A& o] 24
HYTh BE JARAL s JEH 0= STk
< Bt

¢

Table IV, Antibacterial Activity of HGH Extract against 7
Strains of S aureus

MIC ( z2g/mL)

S, aureus strain T
AM* HGH

ATCC 25923 125 2000
ATCC 33591 1,000 2000
DPS-1 1,000 1000
DPS-3 1,000 1000
DPS-4 250 2000
DPS-5 250 2000
DPS-6 250 1000

*AM: Ampicillin, THGH: Haedokgeumhwa-san.,
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2. X29MlsE X 3. efEEs

Paper discH-& 0|83t e SHANE njgozn
HGHol| 24248 YePGE S aureusol] th3l] 2224
ET(MIC)E 24515t HTable IV). S aureusol] tj$+ HGH
o] HAAAEE(MIC)E 1,000~2,000 1£g/mLE o] A
& Akt

MRSA #=759F Qdata, MSSA HEsedl] thah
HGHe}F 6719 A9 wighs 3l dsades 23
R Tables V~X).

Table V. Result of the Combined Effect of HGH and AM against S, aureus

MRSA (ATCC 33591) 2,000 125 1,000 250 0.3125
MSSA (ATCC 25923) 2,000 125 125 15.6 0.1875
MRSA (DPS-1) 1,000 62.5 1,000 250 0.3125
MRSA (DPS-3) 1,000 125 125 125 1.125
MRSA (DPS-6) 1,000 500 125 125 1.5

Table VI, Result of the Combined Effect of HGH and OX against S, aureus

MRSA (ATCC 33591) 2,000 1000 500 250 1.0
MSSA (ATCC 25923) 2,000 500 62.5 3.9 0.3125
MRSA (DPS-1) 1,000 125 250 15.6 0.375
MRSA (DPS-3) 1,000 500 500 250 1.0
MRSA (DPS-6) 1,000 250 500 250 0.75

Table VII, Result of the Combined Effect of HGH and GT against S aureus

MRSA (ATCC 33591) 2,000 1,000 15.6 7.8 1.0
MSSA (ATCC 25923) 2,000 1,000 62.5 3.9 0.5625
MRSA (DPS-1) 1,000 125 500 62.5 0.25
MRSA (DPS-3) 1,000 500 500 250 1.0
MRSA (DPS-6) 1,000 62.5 500 125 0.3125

Table VIII, Result of the Combined Effect of HGH and CP against S, aureus

MRSA (ATCC 33591)
MSSA (ATCC 25923)
MRSA (DPS-1)
MRSA (DPS-3)
MRSA (DPS-6)

2,000
2,000
1,000
1,000
1,000

1,000
250
500
500
500

62.5

62.5
125
250
125

31.25
3.9
125
125
62.5

1.0
0.1875
1.5
1.0
1.0
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Table IX, Result of the Combined Effect of HGH and NR against S, aureus

MIC (zg/mL) HGH

MIC( £g/mL) NR

S, aureus strains FICI
Alone With NR Alone With HGH
MRSA (ATCC 33591) 2,000 1,000 62,5 31.25 1.0
MSSA (ATCC 25923) 2,000 500 62.5 3.9 0.3125
MRSA (DPS-1) 1,000 500 15.6 15.6 1.5
MRSA (DPS-3) 1,000 500 500 125 0.75
MRSA (DPS-6) 1,000 1,000 125 62.5 1.5
Table X, Result of the Combined Effect of HGH and VC against S. aureus
MIC ( ¢ g/mL) HGH MIC ( ¢ g/mL) VC
S, aureus strains FICI
Alone With VC Alone With HGH
MRSA (ATCC 33591) 2,000 1,000 3.9 0.24 0.5625
MSSA (ATCC 25923) 2,000 500 3.9 0.24 0.3125
MRSA (DPS-1) 1,000 500 1.95 1.95 2.0
MRSA (DPS-3) 1,000 500 1.95 0.98 1.0
MRSA (DPS-6) 1,000 500 1.95 0.98 1.0

1) &HHH| Ampicillinz} HGH

MSSA (ATCC25923)]| thsle] HGHS} A4S &
39S Wl HGH= 1/16 MIC, Ampicillin& 1/8 MICE. ]
AE =o ASEIE BT, MRSA (ATCC33591)¢} ¢
7Rl MRSA (DPs-1) thste] HGHe} A &
39S ) HGHE 1/8 MIC, Ampicilling 1/4 MICZ &
s @]'%33-4" Btk vwA] dFelsd= FICIHko]
1.125~1,52 7ta3= YepliQlcKTable V),

2) kx| Oxacillinz} HGH

MSSA (ATCC 25923)°) thal FHas WEals o
HGH+= 1/4 MIC, OxacillinollA+= 1/16 MICE, MRSA
(DPS-1)ollA+= HGHE 1/8 MIC, Oxacillinol|A& 1/4

MICE A5ETE BT, MRSA (DPS-6)olA= Fi A}
RIS B, YA dFdxE riEdE 2ot
(Table VI),

3) &HUH| Gentamicinz} HGH

MRSA (DPS-1)9ll4+= HGH= 1/8 MIC, Gentamicin<
1/8 MICE, MRSA (DPS-6)ol4= HGHE 1/8 MIC,
Gentamicine 1/4 MICE As83} e, o=
For= it S 2 7S YERSIEKTable Vi),

6 J Korean Med Rehab 2015;25(2):1-13

4) 3HHF| Ciprofloxacinz}t HGH

HGHS} Ciprofloxacin®] eFEH-887E £ 27}, MSSA
(ATCC 25923)9lM= HGHi= 1/8 MIC, Ciprofloxacing
1/16 MICE %<& Jsay4E B, o8 dFdxe
F7radE e AtH(Table Vi),

5) gkdx| Norfloxacinz} HGH

HGHS®} Norfloxacin®] SFEH-8&7= & Ax} MSSA
(ATCC 25923)9|A1= FICIZEe] 0.31252 A5a3E B
i, O gFeie i AeEd S WtEdE v
ERfSIcH(Table IX).

6) gHdx| Vancomycinz} HGH

HGHS®} Vancomycin®] 218875 2 A7} MSSA
(ATCC 25923)9llA] FICI #ko] 0.3125% A5a 3= Yet
WRAARE, UR] gFollifs Bt i) 32 7R

= YERItHTable X).
4. Time-kill assay

ol gk
F184d8 OD (Optical density)

MRSA F=F9F MSSA o 2 oA
HGH<] 17¥°ﬂ w2
e 5793 E?(Flg 1~9>
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0.5000
0.4000
g BCON
g 03000 ' 1/2 HGH
("]
a 1/2.8m
=)

0.1000

0.0000 -

0.2000

aH 8H

m1/2 HGH#1/2 AM

16H 24H

Fig, 1, The measurement of OD 600 nm of S aureus (ATCC
33591) using HGH with AM, The control treated with MHB,

0D 600 nm

Fig. 2.
25923)

0D 600 nm

06

HCON
1/2 HGH

1/2 AM

4H 8H

m1/2 HGH+1/2 AM

16H 24H

The measurement of OD 600 nm of S aureus (ATCC

using HGH with AM,

The control treated with MHB,

ECON

1/2 HGH

1/2 0%
B 1/2 HGH+1/2 OX

2H 8H

16H

24H

Fig. 3. The measurement of OD 600 nm of S, aureus (ATCC
25923) using HGH with OX. The control treated with MHB,

1)

S.

EE7E MRSA (ATCC 33591)

L

aureus (ATCC 33591)9l tigk HGHZ} AMS] FICI
Zrol 0.3125% w¥et7] wiiEol HGHSF AMS W8 313=
), AlFko] Aol wlel o] oA HUATKFig. 1).

07
06 -
05
g HCON
0.4
= 1/2 HGH
o o2 1/2NR
= o5 TT  m1f2HGH+1/ZNR
01 -
o -
aH 8H 16H 24H
Fig, 4, The measurement of OD 600 nm of § aureus (ATCC
25923) using HGH with NR. The control treated with MHB,
06
g = CON
=] 1/2 HGH
w
(=] 1/2 0¥
o

B 1/2 HGH+1/2 OX

16H

24H

4H &H

Fig. 5. The measurement of OD 600 nm of S, aureus (DPS-1)
using HGH with AM. The control treated with MHB,

06

05

04

03

0D 600 nm

0.2

0.1

HCON
1/2 HGH

I 1/2GE

m1/2 HGH+1/2 GE

16H

24H

4H 8H

Fig. 6, The measurement of OD 600 nm of S aureus (DPS-1)
using HGH with GE. The control treated with MHB,

2) EERF MSSA (ATCC 25923)

S aureus (ATCC 25923)¢] thdl HGHI} AMS] 1/2
MICo|A= OD 600 nmollAe] SAzko] Al7te| Agdl|
ug}l S7EFAANE T eSS HEsNE e AR

www.ejkmr.org 7



= CON
1/2 HGH
1/2 GE

B 1/2 HGH+1/2 GE

0D 600 nm

4H aH 16H 24H

Fig. 7. The measurement of OD 600 nm of S aureus (DPS-6)
using HGH with GE. The control treated with MHB.

Aol Wt OD Sgke] 7HAshithFig. 2).

8. aureus (ATCC 25923)l ti$F HGH¥} OX 1/2 MIC
oA &= OD 600 nmollxe] SAgko] 16H A 24HZE A
oz wel] FTlslAAN F s WESIS e &
ko] rasste] o] dAlE AS E 5 UATHFig. 3).

S, aureus (ATCC 25923)°l tgt HGH} NR 1/2 MIC
A= OD 600 nmol|x]e] SAgko] Algto] Aol whz}
d=02 Ay skiES v STIeANE, oS W
B3lokS wlol= ko] HastirkFg. 4).

3) YALZZE MRSA (DPS-1)

At DPS-19] thel HGHSF OX9] FICIE 0.375%
F AeadE HlorE HGHS OXE HE e
uff, Alzte] Aol wet OD SA4Jgke] HGHeF OXE 2}
Zk Aejge wETh S7H50] Hong o] e A
A7IE B S-S B 5 SUkFg. 5).

Z¥z}e] HGH 1/2 MIC9} GE 1/2 MICE 2851918 uj
= 5%kl 7Kt el oJAlE HolA| gEARF HGH
7 GES W83 wloll= S78%ko] thighiale 4
= Holon o] AL AAATE AL B S QY
(Fig. 0).

4) |AkE MRSA (DPS-6)

S, aureus (DPS-6)°ll W&k HGH¥} GE 1/2 MICOA=
OD 600 nmol|x|e] ZAgho] Alzto] Al wie} w=7
S7VFRAN, 5 e WESHske welle Skl 2
23 ick(Fig. 7).
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©OD&00 nm

12
%
0.8
0.6 4 . —
04 - =
n
o L |

MCON  WHGH(250ug)  MTX0.1%)  WMHGH+TX

Fig. 8. Effect of membrane-permeabilizing agent Triton on the
susceptibility of S aureus (ATCC 33591) to HGH. The viability
of bacteria was determined by a spectrophotometer (optical
density at 600 nm, ODG600) after incubation of 24 hr with 1/8
MIC HGH and 0.1% TX. The data are Mean=®S.D. for triple-in-
dependent experiments, *p<0.001 as compared to HGH alone,
were determined,

1.2
1

o8 4

04 -

.
0

CON 1 HG H{1000ug) = Tris{31.25ug) o HGH+Tris

©OD&00 nm
[=]
o

Fig. 9. Effect of membrane-permeabilizing agent Tris on the
susceptibility of S, aureus (ATCC 33591) to HGH., The viability
of bacteria was determined by a spectrophotometer (optical
density at 600 nm, ODG600) after incubation of 24 hr with 1/2
MIC HGH and Tris 31.25 ug/ml. The data are Mean®S.D. for
triple-independent experiments, *p<0.001 as compared to HGH
alone, were determined.

5. FEESTEETl detergente| ety

Axar B3dS FZIAIIE Detergents ARE-SH]
HGHe] Alxds Fipdo] Hslee a9s H7] $8)
HGH®| 1/8 MIC} 0,1% TX, Tris 31.25 ug/mlE 83}
ke vl HGHS| TS St TXE 27 we
Alazatela] Lo] F8ES el FAE we &A=
A7vete] oFEo] AEH B34S ST Alofo ™
HGHo| M9 Fds S7HAA, o] AEgs 95
oF = FolgH(p<0.001) ZHE ArkFig. 8, 9).
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©OD&00 nm
[=]
o

04 - *

- .
o a

m CON HGH(1000ug) ™ DCCD(31.25ug) ™ HGH+DCCD

Fig. 10, Effect of ATPase-inhibitors agent DCCD on the sus-
ceptibility of S, aureus (ATCC 33591) to HGH. The viability of
bacteria was determined by a spectrophotometer (optical den-
sity at 600 nm, ODG600) after incubation of 24 hr with 1/2 MIC
HGH and 31.25 pg/mL DCCD. The data are Mean®S.D. for
triple-indipendent experiments. *p<<0.001 as compared to HGH
alone, were determined,

6. fEELTEE} ATPase-inhibitorsQ| Eht&hM

HEte] oz o] AsiAlzA] 2Hgsh= DOCD”
31.25 pg/mlel 0.1% NaNsZ HGHY HE311e uf S
aureus (ATCC 33591)¢l] st =S & 2}, oo A
E&o] oA IA(p<0.001) F2skckFg. 10, 11).
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HHEATERS TR kBT THELE Y Hx
2 52y Ao Tgmgm, Yo sgos A7)
Imel #AE B3EA Qe AL xg7dvia skl

% S % | AL EDOR, W, RO, AR
o7 FAEo] glon] HlTAde AR AR
ERER TS £oFIL, EEH 3k m, #
f % ﬁm LS RfEEte] B ARSI T
fiste] dZo g o)do] A7 FuEo] e AL iLL
?j“:]'m.

FHEEIENS T8 N oRAle]l Bxdtdel &%
S AR, e vuolE el &3 thdy Bx
ol Wikio] MEEOT W E, MEHIL L, E, kol
Zg3te] HAMER, HORE, BARE B9 F%o] 9l
o] BB, FE, WL, HHE, LATUE S HES A
T, ®ne Aol &3 FHEEA F Uit
WRARR G, g, Sk B, b, kil Ak i

‘E{rt

J?# als

a By

0.8

s I

OD 600 nm

02 #*
0 [
m|CON HGH{1000ug) mNaN3(0.1%) W HGH+NaN3

Fig. 11, Effect of the ATPase-inhibitor NaN3 on the suscepti-
bility of MRSA (ATCC 33591) to HGH. The viability of bacteria
was determined spectrophotometrically (optical density at 600
nm, OD600) after incubation for 24 hr with 1000 #g/mL HGH
and 0.1% NaNj;. The data are average of triple-indipendent
experiments, *p<0.001 as compared to HGH alone, were
determined,

BHRIR AR, R
B, BT 52 AR

B 5o &0l o] i, &
gt ol 3kt &9k thdd
2ol 3 A2 3, %, iR, MRSl g, Bl 2has)
o] HAR, BBk, BEILT, 28 59 &5°] o
RS, IR, g 5o ¥Es A5dt) w52 5%
o] o] MR ) E mFHIL M, M, §, Kol
A HERIR, EAMBESRE Z8o] o] A,
i, Bk 5ol MSS Asgh KRGS ARt H,
W, FSEaL o, M, Bebeol 2H8-8kH ’ﬁ‘%ﬂﬁﬁh 1k 59
aso] oy AMEAK, Wik, 1R

A4S uejotAH]| Tl &8h= %“i”;%ﬂ e m,
O, WESIAL B, M Aol 2h8sle] i, i
K, EEHOESTY] ML) IS, whil, B Soll 2
0]1:]_58>

= ofelshd 2
AHETE #5S eT, A= ] Z2hg-, Ak, o
Gz2HE, A, ol 28 Fol vk wiES #iHo] ber-
berino] &m| 8= FHAS 2ol glom, e
ek 2o AYEHE, opAEER Toll 2HE, HE
of theh &2 Fol St} Eif ol Hls) ber-
berinol] ghiFo] WANE gt 28, AYEE Fol e
), RAZES 23] paeoniflorine] BY HHEES A
7= ARG, AR, 2, A 24 3L, at, @l
d 2 5ol ot Bl o2k, S, dt
28 5ol glon], fES olwg, A ol e

R fbEcs 79kl e 2 oF=e] el o
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3 7|2 ArEAYE wi# Ao Smphylococcus
aureus®t Stphylococcus epidermidisdl] &l Stazpr}
Yee Hushdw, A0 wEw o e FEE0
MRSA9} Candidadl] Wi 2/do] Ue-& Halstgle
o, 2l B7e ggEe] dichloromethane 3%20] MRSA
o thete] e FHdAol JeS Husksitt H 57
< e =3 f7180 FE=] AEsET e
o el Husller], o] ¥V frFe a7 YT
o sl o] USS Bl stk

RREIHS olFe 4 wEmEge Feteo
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2 A7) sl walE 9FF So] RusHd Y, pAt
Fradol ik 2Hgome o) HmmEEH ) et
) Ziagl BF AT olFl e ko] 9
HolM= FaaAE Holu, wilfkRy dEddis
e EIE HolA| @il Stk shiitt. ole} o] Hid
fprEigell gk kel g = Barwar glovt
3 &3 disixe A7t o Bagk Ao, At
A gt et A7e flovt, SEEEgnd I
DS 7R Bt A5, IRES ek sEgEne] 3
RIS =Y T W& 7Idsh= maieskel et
77} deste]et Als et

ZZ ohA UAdTe] MRSAZE S aureusoll X ZFA|S=
Hlgo] Hx} S7F5hel| wheh A= Al gk 3771
8] JYP=aL e, stEde] 28712 Ay g
do] A, Al 9y, Sk g whald $hade] oA
2 k] Al A F opeFekal Hatst delE B8 o
o] AL AT, MRSAS] WAL o} =7tA] g
A A Kkl ot A S Welst
Fao] YA, 34 E2of Ws), Alzute] A
T Wske} Azel2 e A FF T 71de] e
H, Alge ol F g 7K e o] 7R B3 e
2 Zgatoe] gl W JHAA =g, olst
olfr= A WA HAS FF7] Sl3l dAEAIN F=
sk B3 AAe] W aRo] V& A &S v
Fol & W oz}, o= B35S A F %o A
AL-L g3 thFst AFEo] IFHm Yo ke
2% MRSAC thgh gtdAo] ¢k A v =4
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< Zohfils B2 AFES 282 T Fon, ¢ Yot
e W Wd71ds dohdis ASA dE B
g gste]el AlEE

£ dAFodxe ALY He oA A W
Al ks o) et dHERAE sy, V& A4
Alo] AM-S o= A gFolE F deA Hrkskiit

R fbas olehs FZ38ke] MRSAC gt 3t
< X1PsSlt. Disc A3S &3 HRaitie] dvds
AZ3E Ay MRSAO] thek HGHE] 1,000~2,000 g2l
ELolA 7~10 mm oo} Ao SA o] F2 A
IS Be= & 7 ASTE MRSA EFT9F
TF & MSSA EFTFolA HGHE HAYAITE=(MIC)
£ Hm BN Ay BE gl diske] HGHOAM =
1 2

T ook
o

A

o o

28t A3} MRSA B¢ ATCC 3359194 0.3125-1.0
o] FICIE ¥o] 5adel Fit Jsads deladla,
MRSA =121 DPS-194+= 0.25-2.0, DPS-69A =
0.3125-1,59] FICIE & 4 UACk. =3, fFdiba
&9 gatakgo] MEH T ATPase Aol o=
A% JFs MX=A 71908 0.1% TX9}F 31,25 11g/mL
Tris, 31.25 pg/mL DCCD, 0.1% NaNs2 fif#4 6 #
WEe A3, dAstAl Al § aureus (ATCC 33591)
o] BEYS RIS, oA o= HpiEHe] IS
dol ME T3S FXIAZ B ofue} ATPase <A
e FTIE E5s A IS & A8l

ol R Rl FAA] M-S TAAA =
T Ue S dagAol o, 7 ok=e] WHea
S 2 MRSAS| gt et EAE A STHIA T 7
ANEE 7HAAL A5 FRISFAT. Time-kill assayollX &
0 hr, 4 hr, 8 hr, 24 hre]l w2} MRSA®] thet & oH=
I e Eet okEe] S EAE v & ATk

9l AFER Hol MF&itik FEEIE MRSAZ A
e = e s FHEIL S ERletar, Egt
71Ee] A HE3GS uf oFE eEAE B F
1] MRSA®] thet A FHEZ F U= FHSIE
# B Rt FAAIe] e8] FEE 71|
7F ds, Tl Yot 71 A ARS THAAIE

S FREAYS /NG 5 e Ao AmE 1
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2 ol Al Aol §-8517] flske] 5 Al
Fe o daad g A B adtel] oig
Ql A7t dad Aolet AlmHdrt.
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Methicillin-Resistant Staphylococcus aureus (MRSA)©]|
sl Rl FEES ARty Fagds 393
A= vt 2

1. HSEHS Y3 GAPgeA ARl
1,000~2,000 £g®] F%oA 7~10 mmo|SJT}.

2. BHBIEHS S aurcusdl] T HAAAlEEE
1,000~2,000 £ g/mLo] A},

3. fmditae FAAete] WaA e Al deadel
i AsETE g & At

4, pFRlEEct EAE ARPEE 600 nmoA] OD
s g AR, F oS WEss we A%kl
axate] o] Aol JAlE AFE et

5. fEEAAER 250 1g/mLoll 0.1% Triton-X (TX), fi#
FHA&AEE 1,000 ug/mLell Tris 31.25 ug/mLE H-83F3S
wf A2z} F2do] F7Fske] MRSA (ATCC 33591)2] A
E8o] FolAd Al AU

6. fREAAER 1,000 ©g/mLel]l DCCD 31.25 ng/mL,
fifE AR 1,000 £g/mLol|l NaN; 0.1%5 *8-83t3ks o
ATP S Aaldke] MRSA (ATCC 33591)9] A& o]
frold Al A=A

o A¥ A¥, HESta FEE2 MRSAY| tis|
ek S ASske], At e AF A
54 ol st 4R AsEt des G
Aglor tiksl 7jHoZ MRSAS oAl e AL
A3t FF ol tigk AEH A7 dad A
2 AlEEh
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