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ABSTRACT

Objectives : Methicillin—resistant Staphylococcus aureus (MRSA) is a human pathogen. New antibacterial agents
are needed to treat MRSA-related infections, This study investigated the antibacterial activity of EtOH 70%
extracts of 7onghyeonipal—dan (THD) which prescription is composed of oriental medicine against MRSA,
Methods : The antibacterial activity of THD was evaluated against MRSA strains by using the Disc diffusion
method, broth microdilution method, Checkerboard dilution test, and Time-—kill test; its mechanism of action
was investigated by bacteriolysis, detergent or ATPase inhibitors were used.

Results : The minimum inhibitory concentration (MIC) of THD is 1,000~2,000 ug/mL against MRSA, In the
checkerboard dilution test, fractional inhibitory concentration index (FICI) of THD in combination with antibiotics
indicated synergy or partial synergism against S, aureus, Furthermore, a time—kill assay showed that the growth
of the tasted bacteria was considerably inhibited after 24 h of treatment with the combination of THD with
selected antibiotics, For measurement of cell membrane permeability, THD 500 ug/mL along with concentration
of Triton X—100 (TX) and Tris—(hydroxymethyl) aminomethane (TRIS) were used. In the other hand,
N,N—dicyclohexylcarbodimide (DCCD) and Sodium azide (NaN3) were used as an inhibitor of ATPase, TX, TRIS,
DCCD and NaN3 cooperation against S, aureus showed synergistic action,

Conclusions : Accordingly, antimicrobial activity of THD was affected by cell membrane and inhibitor of ATPase
were assessed., These results suggest that THD has antibacterial activity, and that THD extract offers great
potential as a natural antibiotic against MRSA,
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A&

Methicillin—Resistant Staphylococcus aureus (MRSA)=

ol YA omatd Ay AEI AFLEe] Agtt
H5S AR|3l Yok, MRSAE 19619 goflA AL A
=91, 1 0% FA3| dyEo] ket Yok’ MRSA ¢
FaASHozE T IR AN, 7M. 7] SOl UE
U, @3, Adgd, Haeud, wd, 549 A &3
Uehdo ¥ MRSA: 9uiztdel Fadeld, 3] HYd)
A A717F A =W MRSAQ] rdEo] ZvtsHA H?,

MRSA g Al 7H8 2 24l A digk WAgel 3L
o} @A MRSAQl WA7|HE ofZ7tx] &HstA = A
Zotgout, p-lactamA AL Z3Hdo] W2 PBP2a
o] A4k, p-lactam ringS 7 FAAE Edfck= T4
f-lactamase®] T Hu| AZute] A by wHstet
Efflux pumpE 53 AZZ A §& 59 7|H]
5917 B Bggoz zhgste] AA ] izt WS e

S R P

MRSAZ} F53H= €9 A9 Foprpge] glom,
olg sl fal o7 AFAEC] A} ofd HAFE
EBolu HAE fd IPE, AF Fojst A 5L o]gst
FFEA A7E st A, o] AR AHgE B4 F
dolgth (m%R/UHS 5B GREHEER) Y 3= 9
= AFFER)E Ak AT oz FtofstoAs FEE
7b HoIRS o} ofRulr} I15sty Gysiy, Awo| &
e o= 344 5o ARSIt FRolgTe EHE HY
% OEE, ki SRR 8" Adeld, 9 HIES 7
2 o] HgElL &ol Y3 Az fu o 3 B¢ A
gloFg whEo], 3 WHol 708y A7 99 ER FEJ 2§
gty 12Eo] QIb?. Edojutte Aoy F MY W
2 £%E AR 5= FHEY FAAE F Sl berberineS
olu] MRSAY| thgt &7} ke = | up ek

olo] AL EHolFHY] 70% e+ FZE(THD)O|
MRSA| tigt Sataart & Aojgt B, thge] A4
£ APstact.

Az 2 gy
1. A&

AMSE A= EiE, AegE BiE Rt BEE AEE
= QXA oigleteR= (At oA TSt st
oFstefs) ghekstat 2x3H4 (WeE oA gste] At
=g

Ao A AREE AJ2RS Oxacillin, Ampicillin, Vancomycin,
Gentamicin, Mueller—Hinton Broth (DIFCO), Mueller—Hinton
Agar (BD), N,N—dicyclohexylcarbodimide, Dimethyl sulfoxide,
Triton X—100(SIGMA), Tris—(hydroxymethyl) aminomethane
(AMRESCO), Sodium axide (Fluka), MTT[3—(4, 5-
dimethylthiazol—2—yl)—2, 5—diphenyltetrazolium bromide,
5 mg/m]E ARESHATE

H AFo] A3 #3 MRSA [ATCC 33591]2F MSSA

[ATCC 25923]= ATCC (American Type Culture Collection,
Manassas, VA, USA)o|A ¢34 3, DPS-1,2%= €34
Sh Yol MRSA BEAZNE skl dARFE A
&3t

2. ¥y

1) AIRQ| Z=HaiH

BE 30g, M4, EEF, AHhE B 24 2g& 70% EtOH
500me= 2A17HY 230 @ FEIFoH, AdeEH F F
A Azdld 12.1g ($58 : 31.8%)< AU, —20TAA
HASHHE AR DMSO0] 0] Ado] A3l thTable 1).

Table 1. The composite of 7onghyeonipal—dan.

Herb name Scientific name Parmacognostic name Weight (g)
i Coptis chinensis Coptidis Rhizoma 30
A Rehmannia qlutinosa Rehmanniae Radix 2
Bl Prunus mume Sieb, et Zuce Mume Fructus 2
54 Lindera strychnifolium Paeonia Radix 2
=154 Angelica gigas Angelicae gigantis Radix 2

Z}7+o] #5F5L -70°C Deep freezeo|A 15% glycerol®]
HIS}E 3, Mueller—Hinton Agar (MHA)o| H&£35}e] 3
7C incubatoro|A 24AJ17t vi%¥ & 0.5 McFarland & Et
= (1.5 x 10° CFU/m0)2 A@e] AHg-3tet,

3) Antimicrobial resistance testing

mecA §HAF AEE €% PCR (Polymerase Chain Reaction)
£ MRSA Primer Mix Kit (Genotek Co, Korea)2 ©o|-&3}
o A2ALY A Ao wet ATt FFE= MHAOA 23]
AuieF sto] AMSIRA, 300 we] AEES] HS5HolA
1-5709) =te Ea1, de o 95CoA 58 53 7HEst
@t 13,000 rpmellA 1087F d4EE] & A4S 2 wE
DNA ZZo|| AME3FATE PCR AHE-L 2% agarose geld] &
71958 & ethidium bromide 2 FM3le] =peA £957)
HellA 554 bpe bandE FRISHH oW, EHUoA EIH
mecA ¥ FFE FA HRE, ZEFFA S awreus
ATCC 25923 24 tRZE o]-&3t4tH(Table 2),

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

= SZZ;:HS Class MecA gene B-Lactamase activity Antibio;;itgiiistance
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.

4) Disc diffusion method (C|A= ShAtH)
A ait= disc diffusion methodS E3] =A%t
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Mueller—Hinton Agar (MHA)S 119} Hd#3t9] petri—dish
o 28t BRE #3FE& 37T incubatorolA] 24417t vjFst
Qom, 1.5 x 10° CFU/m& 34ste MHAC| HFHo=z
1.5 x 10° CFU/m(e] H=2 3 & MHAe] 100 w® =
2 =@ttt 2o 2 Uy F paper disc (6mm)o
ojlgtt (500 ~ 2,000 ng)< 10 wH FYste] 3]
AlZl & 37C incubatoroll A 24X1ZF BiFAIA paper
Z9]o] FAE inhibition zone?] AL ZAsrgcH* .

of ofl
o R

n
o

5) Minimum inhibitory concentration (MIC, ZASKIST)

Minimum inhibitory concentration (MIC)+= x| m|=F
HE B8l g5t Sl EH HESFEES WA
izl pEEE Hrlsta, o7]d) BEE 1.5 x 10° CFU/ml
2 W& 7L 10 W HEFS] HFHoR 15 x 10° CFU/
m¢o] EA Ptk th&o & 37T incubatorolA] 18A|7F uj
OF3t Zof MTT[3—(4, 5—dimethylthiazol-2—-yl)—2, 5—
diphenyltetrazolium bromide, 5 mg/m¢]AFE3te] Mo]| W3}
I e 2 kile =

6) Fractional inhibitory concentration index (FICI, 2k
SHEs

THD2} A& A2l AM, OX, VC, GES W¥3Ag 3}
S o AsrIrt J=XE &3] Hsll Checkerboard
dilution testE AA3IHTE F IFHEZLS MHBE EEZd1Y
£AF o2 5Tt FF YL 37T incubatorollA 244
7k ugRt Fof AMgElon, AFEHoR 1.5 x 10° CFU/ml
o] =4 3}¢th Fractional inhibitory concentration index
(FICI) = FICA + FICB = [A]/MIC[A] + [BI/MIC[B] [A]l= ¥
€ Ao THDY MICo|H, MIC[A]l= THDE ©Eo2 AR
Al MICelt}, [Ble W& Aol A48 3AAQ MICoIH,
MIC[Bl= & A E G502 AR Ao MICo|t}, FICI
= (0.5, synergy. 0.5 to 0.75, partial synergy: 0.76
to 1.0, additive effect; » 1.0 to 4.0, indifference; and
> 4.0, antagonism & WEt} uwEkA o] Wl uket

% FFEAL) TP synergy W& SHSAT,

7) Time—kill assay

Time—kill & THDS] AJZto]| w2 diggjote] FAH=S
B8l 4AZE, 8AIZE, 16A1ZE, 24A12F M2 CFU/mE &
Aate] Jehfek | atggjols 1817 Hjokste] =g
1.5 x 10° CFU/m 2 W& F< 10w FE3Y JEHoz
1.5 x 10° CFU/mto] =HA 891, FEx=: THD 1/2
MICSF A 1/2 MICE ZZ &A%t 3, THD 1/2
MIC + 3AA| 1/2 MICE AHF3te] 743ttt Control24
= MHBO| &% HE34T}.

8) Membrane permeability of THD combination with
detergent

THD®} S aureus®] membrane EIAHS FZAZITh
A Detergent?l TX—100, TrisE HL3}gS o, &
THE membrane FIFE FIATIE XE LotR7] 3
9 AFL A,

9) Metabolic inhibition of THD combination with
ATPase—inhibitor

THD®} S, aureus®] energy WAE AsjA|7Ict d&A
°FE¢l NaNs, DCCDE W&3t5S W, drhthE energy o
AE AT EAE Loby] s 9 AFL st

M

10) SAEA

HE AP 33 ol HiRoz o|Rojzlon] AFPAT=
Zt 5ol wet 7A] + FEHA (SEME F8to] 1 79
AL Student's t—test (SPSS. ver.22) EA¥S 0|83}
Ag42 95% (p (0.05)%4 BAA o2 B7rstar

Z 3
1. Disc diffusion method (tJ&3 ZAHH)

S aureus®| Wgt THDS FHTAL t2a FIHS F
3 A AL FF3te =Y FFHES H|wsoch
MSSA EZEFZE (ATCC 25923)2F MRSA (ATCC 33591)=
2000 pg/mLolA 8~9 mmo] AsjFo] JAEHGL, F
MRSA dA5 (DPS-1, 2)olA4+& 1000 ng/mL o)< &
ZoJA 8~10 mme] Ago] FHEJcHTable 3).

Table 3. Antibacterial activities of THD extract against S aureus strains,

Diameter of zone of inhibition (mm)

S, aureus strain AM THD
500 ug 500ug 1,000 ug 2,000 ug
ATCC 25923 44 ND ND 9
ATCC 33591 7 ND ND 8
DPS—-1 9 ND 9 10
DPS—2 23 ND 8 10
“ DPS : indicates staphylococcal strains from the Department of

Plastic Surgery, Wonkwang University Hospital, ND : No detected

activity at this concentration,

2. Minimum inhibitory concentration (MIC,
2R sx) &4

BE S aureus®| tdt THDS HAYAIEE=MIC)E =
Ag A7 1,000 ~ 2000 pg/mLE Uebgth THDe| thdk
B2IE A8 ALY Hlwsy] Yste] AM, OX, GT, VCe
F2Al s (MIC)E Zo] 35t tHTable 4).

Table 4. Antibacterial activity of THD extract against 4 strains of S
aureus.

) MIC (ug/ml)
S, aureus strain
THD AM OX GT VC
ATCC 23923 (MSSA) 2000 3.9 3.9 0.98 1,95
ATCC 33591 (MRSA) 2000 1000 500 1.95 3.9
DPS—1 (MRSA) 1000 500 500 62.5 1.95
DPS—2 (MRSA) 1000 62.5 125 31.25 1.95

"THD : 7onghyeonipal—dan ethanol extract

3. <EWLay}

concentration Index, FICI)

(Fractional inhibitory
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MSSA, MRSA EFTF (ATCC25923, ATCC33591)2F
MRSA /4 (DPS—1, 2)o| gk THDe} 4712 3HA8A|<]
Hiehs Fa HEanE SAstatt. 1 A3 MSSA EES
F= 1719 wigo], MRSA E&#5FE= 3719 wligo], MRSA
P (DPS-DollA= 3709 wfigte], MRSA a5
(DPS—-2)°llA= 471 Hige] ¥E&aT7} USS AT +
9lgitH(Table 5).

Table 5. MIC of THD combination with antibiotics against S aureus,

MIC of THD (g/mL) MIC of antibiotics

(g/mL)
S, aureus strains FICL Synergy
THD alone ~ With AM ~ AM alone ~ With THD
MSSA (ATCC 25923) 2,000 500 3.9 0.24 0.3125 synergy
A (ATCC 33591) 2,000 500 1000 250 0.5 synergy
A (DPS-1) 1,000 62.5 500 31.25 0.125 synergy
A (DPS-2) 1,000 62.5 62.5 78 0.1875 synergy
THD alone ~ With OX OX alone  With THD
MSSA (ATCC 25923) 2000 2000 3.9 39 2 indifference
A (ATCC 33591) 2000 500 500 62.5 0.375 synergy
A (DPS-1) 1000 125 500 31.25 0.1875 synergy
A (DPS-2) 1000 62.5 125 78 0.125 synergy
THD alone ~ With GT GT alone  With THD
MSSA (ATCC 25923) 2,000 2000 0.98 0.98 2 indifference
A (ATCC 33591) 2,000 2000 195 1.95 2 synergy
A (DPS-1) 1,000 125 62.5 78 0.25 synergy
A (DPS-2) 1,000 62.5 31.25 78 0.3125 synergy
THD alone ~ With VC VC alone  With THD
MSSA (ATCC 25923) 2000 2000 1.95 1.95 2 indifference
A (ATCC 33591) 2000 2000 3.9 3.9 2 indifference
A (DPS-1) 1000 1000 1.95 1.9 2 indifference
A (DPS-2) 1000 250 1.95 0.24 0.375 synergy

The synergistic combinations were investigated in the checkerboard
method, FIC indices were interpreted as follows: the FIC index was
interpreted as follows: synergy, <0.5; partial synergy, 0.5—.75;
additive effect, 0.76—1.0; indifference, » 1.0—4.0; and antagonism, )
4.0

4., The time—Kkill assay

HE&aWE Vet 2] st Time—kill assayE A
Algt Ak 671x]9] 2AA At w2 F9] A oFol
Uebdth MSSA  ®EHF (ATCC25923)9l4= THDS}
Ampicillin®] #ige] #mIVF QI3 MRSA EFAF
(ATCC33591)ell A= THDS Ampicillin® jgto] &7k} 9l
931, MRSA YAH+#F (DPS-1)o|A= THD2} Ampicillin,
Oxacillin, Gentamicin ZFzte] Higte] aIrp U,
MRSA AHFF (DPS-2)9 A= THD2} Gentamicin®] gt
ol AI7}t Ut 9 671X]9 AL T dEANA= o
o] A% A7 YER] oot HiRk Ao o] Aol
A7t wet JAE QT L 24holUlof AFHElE AL Fold
= UATHFig. 1),
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ATCC 25923 ATCC 33591
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Fig. 1. Time—kKill curves of S aureus using THD with antibiotics.
Viable counts were conducted at 4, 8, 16 and 24 h. The data
are average of triple—independent experiments, ~{0.05 as compared
to antibiotic alone, were determined.

5. MembraneF34Jol| t3t THDQ} Detergent
o] ¥gayt

Detergent7} THDF] ¥ F3| membrane F3HJ0]
A =xE B7] 98] 500 pg/mL THD® 0.001% TX
—100, 15.6 ug/mL TrisE Z}Zt B89 o A% 9
AR=E ODFE B3l &Fsck 1 23k 0.001% TX
—-100, 15.6 ug/mL Trisg 9= 2 As}9S =t THD
o} HE3t9S o Fo Ao dAEHE AL I T 5 9
Act(Fig. 2).

1
08
05
: I
01

THO{SO0ug/mL]  Trigllh 6 ugiml)  TX-10000 O01%) THDT THOTH-100

Fig. 2. Effect of membrane—permeabilizing agents on the susceptibility
of S aureus (ATCC 33591) to THD. The viability of bacteria was
determined by a spectrophotometer (optical density at 600 nm,
ODeoo) after incubation of 24 h. The data are Mean + SD. for
triple—independent experiments, ~{0.001 as compared to detergent
alone were determined.

6. Energy WAFA3]o] digl THDS®} ATPase—
inhibitor?] ¥-4#3}

ATPase—inhibitor®} THD2] €S E3l energy AA
7t Astge auE 27198 500 pg/mL THDS 62.5
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Hg/mL DCCD, 0.001% NaNs& z}z} ¥E3l9S e It
25 0D 538 24319t 2 23} 62.5 ug/mL DCCD,
0.001% NaNzZ %%—i AetaS B2t THDS -85t
< o F9] o] AAE= AL 1 T 5 A%rKFig. 3).

con THOISDO upiml) DECOUE Supiml)  THDSNANA THDLDCED W0, 01

Fig. 3. Effect of ATPase—inhibitor agent DCCD on the susceptibility
of S aureus (ATCC 33591) to THD. The viability of bacteria was
determined by a spectrophotometer (optical density at 600 nm,
ODsoo) after incubation of 24 h. The data are Mean = SD. for
triple—indipendent experiments. ~{0.001 as compared to ATPase
—inhibitor alone were determined.

N1y

71& A 2 Y=Y eI AEY A o
A 2 my, Fo A g A Y A E Ak
gt oA 5o YEle B8 7o RS AAEts Holoh?,
ol gt FAgAel gl tigte] MRSAdE FHAYA|eke] st
ol W2 T o] gitm A Eajaso] HH 9@ AlE
Q29| o]FAL Hi&Esh= 9 A8 7AE B8 VI I
Aol gt Aae dehhdet P, olo] B Ao AE
Holst AHel FHolEHe] ogtE FEE(THD)S ©]§3t]
MRSAS] Wizt w2457 9 7|E A Heanet
ot Z1HAEE Aststt,

B AYox+= Disc zoned H2AEE(MIC)Y &3S
E3 THD7F MRSA®| disty] 84S Heltks AS &

g = UASTE EZF THDSF 7|EAY H-E&ato] ozt
AFH TIme—killZ &3 MRSAS A4S W=t FEI
A7t USS T = AUST). ol THDZF MRSAY
W74 &8 Wfiete 7| FAAY A2adE =9
AY, E= YA Hgoz MRSAY S wWash=t
EHog AEPS AR 2ot ol sty ¢ AA3| &
1817] A8l THDS}F Azt Fildel] g3S F+= Detergent
9} Energy Uil 98 = ATPase—inhibitor& MRSA
o ¥E& Fosty I AFAINE IRIE 2}, Fo] A=
= AL It o] datE THD7F MRSAY A|xdt &
g 2 R At FFE Erhs AL FRAT S+ UA
t}, THDY ANzdt Fapdo] digh EJ—}QP oz Al A3
a7t AL AorIE UEtd 8 o] ofdX] A3zt
Hoh,

§ A¥E 53 THD7F MRSAY di3) dwadt I &
Astgar, voprt 71E FAACLY] HEAHE 3t Lol
Mg EH FAA Y FEE FE & S AT £ A
T3 7171AEES 3 THD7F MRSAQ| 4 =314} ATPase
o AAE S FHEEE vehdtks AS st o]

ol

—‘O

24, THD7} MRSA® X|2¢] &3&<l THEZS A}
Sh= vpo|t},

2 &

Methicillin—Resistant Stapby]ococcus aureus (MRSA)
o dfsl| FHolg ofeE FEE(THD)S AHgste] I+
e &% A= os 2

1. THD9| Disc A¥8< &3l 1,000~2,000ug9] FE=ollAl
8~10 mm9| A3ehs WIS 4= A

2. THD9| MRSAY tigt #&AlE=(MIC)= 1,000~2,000
ug/mLe] 3Tk,

Aok HEAE A WEEW) dEe &

DL st
1__ (<]
& s

4. THDS} JBAE
Algt A3 24 h Wel
.

W7 3t Time—kill assayg- A
= 3

5. THD 500 ug/mLe] 0.001% Triton—X (TX), 15.6
ng/mL Trisg ZHZt H-83819S uf Alxzdr Fabdo] &

7}stol MRSAY AJEFe] Sas] Fa8e st

6. THD 500 wpg/mLe] 62.5 wg/mL DCCD, NaNs
0.001%S Z}z} ¥WLestgS ] ATP 449 Az
£ MRSA®] AEo] ZAES Blsgch

olAe] AlE Az, THD7F MRSA| ti3] dFFargo] S

Zotdon, gAAete] g Ao MRSA, MSSA
BEGST 4 MRSA QAo st HEHmI} IS 2
AE 4= ek T o 7] MRSAS S A
AL AT 4= Ut

ftlo

¢

FfF

AAe 2
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