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ABSTRACT

Objectives . Hwangheuk—san is a complex prescription composed of oriental traditional medicine and has been
reported for antioxidant, antimicrobial and anticancer effects in the recent study. Methicillin—resistant Staphylococcus
aureus (MRSA) is one of important causes of fatal infectious diseases such as septicemia, endocarditis, toxic shock
syndrome, pneumonia, skin and soft tissue infections (SSTIs). S, aureus is reported as being for a variety of human
diseases and its epidemiological relevance is mainly due to their ability of becoming highly resistant to common
antimicrobials such as tetracycline, penicillin, cphalosporin and aminoglycoside., The objective of this study is to determine
the antimicrobial effect of Hwangheuk—san ethanol extracts (HHS) and synergistic effects with antibiotics oxacillin
against MRSA,

Methods : The antimicrobial activity of HHS was measured by the disc diffusion method, broth microdilution
method and the checkerboard dilution test, time—Kkill curve assay was performed to investigate synergistic effects
with antibiotics oxacillin against MRSA,

Results : HHS showed antimicrobial activity against MRSA with a MIC value of 125 ug/ml, In the checkerboard test,
the interaction of HHS with antibiotics oxacillin produced almost synergy or partial synergy against MRSA, This
study showed that HHS reduced the MICs of oxacillin tested, and a remarkable antibacterial effect of HHS, with
membrane permeability enhancers,

Conclusions : These results suggest that HHS has the antimicrobial effect and synergistic effects with antibiotics
oxacillin against MRSA, This study thus can be a valuable source for the development of a new drug with low
MRSA resistance,
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Mueller—Hinton agar (MHA)2} Mueller—Hinton broth
(MHB): Difco  (Baltimore, MD, USA)SAl, Tris—
(hydroxymethyl) aminomethane (Tris)2 AMRESCO (San
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A WA #3323 (Culture Collection of Antimicrobial
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FICI<O0.5, synergy; 0.5¢FICI<0,75,

partial synergy; 0,75<FICI< 1.0, additive effect;

1.0<{FICI<4.0, no synergy; FICI)4.0, antagonism,
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A 24X 7+S] 7+AE F31 30~300 coloniesE A3}
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E]/\i :_6;]-/(]- /é]fsl_‘i E;ﬂ HHSQ] z‘;L_—r{- §_31]._E_' =2] §-_ 7‘_;-,1_
I}, ATCC 33591°] th3t HHSOIA disc zoneo] UeRt A&
glstgith. HHSY disc zone?| 7| &¢It A3}, ATCC
3359194 & o9& O F disc zoneo] FAEHE= AL I
kit (Figure 1),
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Figure 1. Diameter of inhibiton zone (mm) of HHS against
methicillin—resistant Staphylococcus aureus (ATCC 33591).
*p { 0.05 compared to antibiotic

2. A2 YAs%= (Minimum inhibitory
concentration, MIC)
HHSY| Fa9Als= (MIO)E 4% 2
F 4 AdFFAAY HrdAsEE 125
oI5ttt (Table 1.).

=14 8 3} (Fractional inhibitory
concentration index, FICI)

HHS9} oxacillin (OX)E ¥-&3le] 433t A1}, CCARM
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30959} DPS—20| A AW &3+7} Wed 3, CCARM 3090,
CCARM 31029|4& FEZ AU a7t Vet 2 &
A3t Th (Table 2.).

Table 1. The minimum inhibitory concentrations (MIC) of HHS
against MRSA.

T 'mlL)
Strains Type HES MIC (ug/ml) oX
ATCC 33591 HA'-MRSA 125 500
CCARM 3090 HA-MRSA 125 62.5
CCARM 3095 HA-MRSA 125 500
CCARM 3102 HA-MRSA 125 500
DPS-1 HA-MRSA 125 250
DPS—2 HA-MRSA 125 1.95

*HA, hospital—acquired; HHS, Hwangheuk—san ethanol extracts
; OX, oxacillin,

Table 2. Results of the combination of HHS and OX against MRSA.

MIC (ug/mL)
Strains agent ———————— FIC FICI Outcome
Alone Combination
HHS 125 62.5 0.5 4
ATCC 33591 | Additive
[0)¢ 250 125 0.5 effect
HHS 125 62.5 0.5 i
CCARM 3090 075 lartial
OX 62,5 15.6 0.25 synergy
HHS 125 31.25 0.25
CCARM 3095 0.375 Synergy
(0)¢ 500 62.5 0.125
HHS 125 62.5 0.5 e
CCARM 3102 075 Lartial
(0):¢ 500 125 0.25 synergy
HHS 125 62.5 0.5 "
DPS—1 1 Additive
[©):¢ 250 125 0.5 effect
HHS 125 15.6 0.125
DPS-2 0.25 Synergy
OX  31.25 3.9 0.125

4, Time—kill curve assay

HHS¢} 0X9] 1/2 MICE ©¢ ¥ 3842 ste] CCARM
30959 gt Alzte] w2 #o] AFA=E It At
control (drug—free) ¥ T A= F9 42 o] o
A=A ko, HHS9F OXE Zo] A7 atag uf A%t o]
FHE o] Aol ashe AFE BAFU (Figure 2.).

CCARM 3095

8 —&—Control

—8—-HHS 1/2MIC

6 —4—OX 1/2MIC

B —&—THHS 1/2MIC+OX 1/2MIC
4 ® —&—THS 2/3MIC+OX 1/2MIC

Log10 CFU/mL

Time (h)
Figure 2. Growth curves for methicillin—resistant Staphylococcus
aureus (MRSA) CCARM 3095 in the single or combination of
Hwangheuk—san ethanol extract (HHS) and oxacillin (OX). *p (
0.05 compared to antibiotic alone.
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AL AT 4= it (Figure 3.).
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Figure 3. Effect of the membrane—permeabilizing agent Tris on
the susceptibility of MRSA (ATCC 33591) to HHS. The viability of
bacteria was determined spectrophotometrically (optical density
at 600 nm, ODeoo) after incubation for 24 h with 7.8 x g/mL
HHS and 250 # g/mL Tris. The data are average of triple—
independent experiments. *p { 0.05 compared to HHS alone.
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