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Objectives In this study, we investigated the antimicrobial activity of a 70% ethanol
extract of Maneung-hwan (MEH), which is prescribed by practitioners of oriental
medicine for use against methicillin-resistant Staphylococcus aureus (MRSA).
Methods The antibacterial activity of MEH against MRSA strains was evaluated using
the disc diffusion method, broth microdilution method (minimal inhibitory concen-
tration, MIC), checkerboard dilution test, and time=-kill test. The mechanism of action
of MEH was investigated by bacteriolysis using detergents or ATPase inhibitors
Additionally, mRNA and protein expression were investigated by quantitative reverse
transcription—polymerase chain reaction and western blot assay, respectively.
Results The MIC of MEH was 25~1,600 ug/mL against all the tested bacterial strains.
We showed that MEH extract exerts strong antibacterial activity. In the checkerboard
dilution test, the fractional inhibitory concentration index of MEH in combination with
antibiotics indicated synergism or partial synergism against S. aureus. The time-Kill
study indicated that the growth of the tested bacteria was considerably inhibited after
a 24-h treatment with MEH and selected antibiotics. To measure the cell membrane
permeability, MEH (3.9 ug/mL) was combined with Triton X-100 (TX) at various con-
centrations N,N-dicyclohexylcarbodimide (DCCD) was also tested as an ATPase inhibitor.
TX and DCCD cooperation against S. aureus exhibited synergistic action. Accordingly,
the antimicrobial activity of MEH in the context of cell membrane rupture and ATPase
inhibition was assessed. Additionally, the expression of genes and proteins asso—
ciated with resistance was reduced after exposing MRSA to MEH.

Conclusions These results suggest that MEH possesses antibacterial activity and acts
as a potential natural antibiotic against MRSA. (J Korean Med Rehabil 2020; 30(1):31-45)

Key words Methicillin-resistant Staphylococcus aureus, Maneung—hwan,
Antibacterial activity, Resistance inhibition
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Methicillin-resistant Staphylococcus aureus (MRSA)®]|
o3t 7 A A F8HI A A WS
7HAAL Qo A F7} oA, ool meEt w2 AFES
ZBAAA Fg Fa Qo] AR A7 Han ek,
MRSA 2] A7l thete] 93] e 212 oy
A9k A wef o] 7|5 o] Barsar ik wEek
SEFILA| (B-lactamase) ol 2] YA E3l, PBP2a 52
Ao Q15 HA B M3k, efflux pumpol o3k AIE
9] YA = Tl 71A Fol Hezl vt o, Al
2 ofF 7HA 71-o] B3t or 2hgshuA A W
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1. X L A|QF

AREE Rl = K, M, BE4TE Bt A
TG AN Fdste] st A ARRSEAT

Aol A Aleke oxacillin (OX; Sigma, St. Louis, MO,
USA), ampicillin (AM; Sigma), gentamicin (GT; Sigma),
Mueller-Hinton broth (MHB; DIFCO, Baltimore, MD, USA),
Mueller-Hinton agar (MHA; BD, Franklin Lake, NJ, USA),
N,N-dicyclohexylcarbodimide (DCCD), dimethyl sulfoxide
(Sigma), triton X-100 (Sigma), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) 5 mg/mLE A&
skt

2. Nz =X

HHELL olEHE FFE(Maneung-hwan, MEH)-S A
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Table I. The Composite of Maneung-hwan

Herbal name Pharmacognostic name  Weight (g)
Rheum palmatum  Rheum palmatum L 8
Areca catechu Areca catechu LINNEA 5
Pharbitis nil Chois Pharbitis nil Choisy 4
Total amount 17

8 g, MM 5 g BEATF 4 g& 70% alcohol 500 mLE
2N 23)0 oA FE3H o, ItES & 54
AZ3 1.08 g (F5E: 6.36%)2 Ao 4°CoiA
RASIATE AloFS dimethyl sulfoxideol =] AF8-31%

TH(Table I).

3. w3 HiSY

B Aol AHE EFTF ATCC 33591, ATCC 25923
< American Type Culture Collection (Manassas, VA,
USA)olA 19)3159. 2., CCARM 3090, 3091, 3095, 3102
= Aot A WA +F5-23)(Culture Collection of
Antimicrobial Resistant Microbes [CCARM], Seoul, Korea)
ol A, U+ DPS-1, DPS-2-2 ¥3ohstu el A9
IKDepartment of Plastic Surgery, DPS)ol|A] &-ofito} A}
&3k

T -79°C Y-&5arolA 30% glycerololl X313
7 MHA® HFAIZ] vl 37°C &-27](incubator) ]l
243 v Fete] ARE-SFIATY.

Iz

)

4. Disc diffusion method (C|A3 &t

S

HEL, e FEE(MEH)Q] S SIS
&) t~= SibES AABIATE 11te 2 HitE MHA
24417t F2k viokE +F 100 pLE T =25
A0 F 1.0x10° CFU/mLe] & & A 3l theo 2
H#E o] A= paper disc (6 mm)ol] MEHS} 738333 A
Ql OXE 7+ 20 LA =Yg ths &3] FrA1A 37°C
incubatoroll A 2417k vl|F ¥ paper disc %ol =]

o] YEP= clear zones Z43ATH

=

R
Y
o

5. Minimum inhibitory concentration (MIC, X|
ANIEE)

MIC2] =42 Clinical and Laboratory Standards Institute
guidelines (CLSI)ol| whe} AAISHATH). Ag-L CLSIO
w2} HEL e FEES dANR ) sEEE
ol Hrheta, o37)o) =S 1.0x10° CFU/mMLE 93
TES 10 uL &3k HFH 2= 1.0x10° CFU/mLO]
HA "HEAE 18t 37°C incubatorol| A 1847
B2k uj kst 3ol MTT 5 mg/mL-S ARES|A] A4o] W3}

ko3
s
A g A F PR e FEE SASAT.

6. Fractional Inhibitory Concentration Index
(FICI, ¥=HES )

MEH$} A& 384191 AM, OX, GTS H 325
< ol AsER Yeh=AE S743517] f13iA check-
erboard dilution testS AA|SFITI?), F 71| &
HE MHBE B3l a0 & SN HEd
2 37°C incubatorol| 4] 2413t F9F w3k Fof] A5}
A HAFFHOZ 1.0x10° CFU/mLe] FA &-ch

FICI = FICA + FICB = [A]J/MICa + [B]/MICs

[A]: BH-83 o] MEH2] MIC

MIC,: MEHS ©H502 A28 ujo] MIC

[B]: W& wfol] &8 Ae MIC

MICp: FEFYAE G502 AM-E w2 MIC

FICI+= <0.5, synergy; 0.5~0.75, partial synergy; 0.76~1.0,

additive effect; 1.0~4.0, indifference; and >4.0, antagonism.

7. Time—kill assay

Time-kill-> MEH A|te]] whe} vhe|gjol 2] =&
H71981A 4, 8, 16, 24P E CFUMLE 243l U
ERSIT) vlEElol= 18417 HiYksle EBEE 1.0x10°
CFUmMLE 2 #5210 L HAF3sI3 o, HF3 o
Z 1.0x10° CFU/mL®] FA st3uth &5 %= MEH
1/2 MIC &A1} 12 MICE 2.2 =4, MEH 12
MIC+EHIA] 172 MICE A 2|3t The 57831tk Control
< MHBOI| 5 A F3tAch
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8. Membrane permeability of MEH combina—
tion with detergent

MEH®} S, aureus®] membrane F3HA4S ZZA1Z1th
31 2 43 detergentQ! TX-1002 8-S u Aojgtks-
membrane FIFS SFAT|I=7HE LotRr] A
AHE P,

9. Metabolic inhibition of MEH combination
with ATPase—inhibitor

MEHS®} S. aureus®] energy TAFE As|A1ZITkar 2 &
7l ¢F=<%] DCCDE WE3IS Wl AP energy o
ARE A7 dotir] 8 AE S SHTP Y.

10. RNA 22| 2! quantitative reverse transcription
polymerase chain reaction (QRT-PCR)

MRSA W/d ¥#¥ mRNAS] 'Hd AEE B7] §sto]
gRT-PCR < ARE3ISITE RNAE 58 5 MHB
o] 3]44(ODgoo 0.35~0. 45)0}‘/%-—‘]1], T & oA &
Eo] MEHE A28 $ 30& 5% vl %3t 13,000 rpm
oAl 13 YAl s & FES EOHA] easy-REDTM
BYF Total RNA Extraction Kit (Intron Co., Seongnam,
Korea)E A|FAF Aol w2} ALE3le] RNAE FE53 &

QuantiTect® Reverse Transcription Kit (QIAGEN, Hilden,
Germany)E ©|-83l] ¢cDNAE RHEXITE $4E cDNA
ol mecA, mecR1, blaZ, blaR1, 16s TRNA2] primer2} power

Table II. Primer Used in This Experiment

Primer Sequence (5 — 3°)
blaZ-F GATAAGAGATTTGCCTATGC
blaZ-R GCATATGTTATTGCTTGACC
blaR1-F CATGACAATGAAGTAGAAGC
blaR1-R CTTATGATTCCATGACATACG
mecA-F ATGAGATTAGGCATCGTTCC
mecA-R TGGATGACAGTACCTGAGCC
mecR1-F AAGCACCGTTACTATCTGCACA
mecRI-R GAGTAAATTTTGGTCGAATGCC
16sRNA-F CGTGCCTAATACATGCAAGTC
16sRNA-R CCGTCTTTCACTTTTGACCA
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SYBR Green PCR Master Mix (Life Technologies, Carlsbad,
CA, USA)E 4101 ¥, StepOnePlus realtime PCR sys-
tem (Applied Biosystems, Foster City, CA, USA)< ©o]-&
3t gRT-PCR-S A8 THTable 1I).

11. Western blot

ProteinS 5= 752 MHBO]| 3)4130Dsg 0.35~0.45)
% 0x9} 98] 5 MEHE A3t 20831 v gt
% 13,000 rpmoll A 187F LA EESIATE FES Fo}
350 pLe] SMART™ Bacterial Protein Extraction Solution
71 o2 12%F vortexing

F 213,000 rpmoll A 5EZE A4 EEjEiA e F
?5]11;]‘ N—Z:OIL/] 121—13_111751__]4
S ®F38)519 21, Bio-Rad Protein Assay Kit (BIO-RAD,
Hercules, CA, USA)E AR&-3l A3 T 20~30 pLo]
lysateE 8~12% mini gel sodium dodecyl sulfate poly-
2234 °lE pol-
yvinylidene difluoride membrane (BIO-RAD)ll 200 mA
Z 22X &9 transferdtI T 18] 31 membrane 2] block-
ing2 5% skim milk”7} $H+2 TBST (0.1% tween 20+tris
buffered saline) &N O F 20| A 2417t B2k AAIFHA
Tl PBP2a W3S HESL] 918 A == monoclonal
mouse anti-PBP2a (1:1,000) (DiNonA Inc., Seoul, Korea)

£ TBST &40l 3]4ate] g2ollA 243 REGAIZ] &

TBSTZE 33] AJA3Ith 22 P42+ HRP7F 23
anti-mouse IgG (Amersham Pharmacia Biotech Ltd.,
Little Chalfon, England)E- 1:2,000°0-2 3]A5}] /g-2-0f A
1A1ZF B2k HES-AIZ] & TBSTE 33] A3+ enhanced
chemiluminescence 7]Z(Amersham Biosciences Copr., Bath,
UK)3} ¥-&- 3 ImageQuant LAS 4000 Mini Biomolecular
Imager (GE Healthcare, Chicago, IL, USA)E 53f &<l
skt

(Intron, Seongnam, Korea)<

%+ bovine serum albumin

acrylamide gel electrophoresis = 4

12. SAEA
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i
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T+ X FHA(standard deviation)E -5}
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HIERL oehE FEES deAY W 2rATro] tiet FHEd 2 WA ﬁﬂr;

7&3‘1]—»»» TFolAE AeaAQ oXet Hwstyd S w -3
gagAdo] S 1 4 AATKTable II0).
1. Disc diffusion method (C|A 3 &tAHH)Q| Si7
2HE Gt 2. MIC (2|A2Mis =) Bt
MRSA®) tist MEH 84S 85k ] ¢J8l == MRSA®] T MEHS] MICE =43+ A3} 25~1,600

AP A5t MRSA E27521 ATCC 3359191 pg/mLE VERSTE MEHO thk &35 Hlastr] 9ist
A MEH®] 557} 100~400 pg/mLY 73-$- 8~24 mm9) o AM¥} OX, GTE] MICE 2°] SA3I ) gAYA|<}
clear zone®] =S, MRSA Yd+5<] DPS-19| Hl w3t S W MEHS] 842 vlsstAY o %
A& 50~400 ug/mL2] F=NA] 34~46 mme] clear zone THTable 1V).

o] A=A, DPS-291A4= 50~400 pg/mLe] &l A

22~32 mm¥] clear zone©| FAZHUTE MRSA Y+ 3. FICI (&*2HE51)

¢l CCARM 3090, CCARM 3095, CCARM 310294 =
50~400 pg/mLe] %04 820 mm| clear zone©| ¥
A= St o]Z% MEH7} MRSAC &d&40] = MEH®} AM 9| H-Ea3E S 23, DPS-204=
gld 4= 919131, ATCC 259233 DPS-25 #|9]3 T synergyS X913, ATCC 33591, DPS-1, CCARM 3090,

1) SHliH AMZF MEHQ| 8251}

Table IIl. Antimicrobial Activity (as the Inhibition Zone Diameter) of MEH against MRSA and MSSA

. 0X MEH (mm)
Strains 10 pg/mL 50 pg/mL 100 pg/mL 200 pg/mlL 400 pg/mL
ATCC 33591 ND ND 8 10 24
ATCC 25923 60 20 24 26 28
DPS-1 ND 34 40 42 46
DPS-2 62 22 26 30 32
CCARM 3090 ND 10 13 16 19
CCARM 3095 ND 8 11 14 17
CCARM 3102 ND 10 13 17 20

MRSA: methicillin-resistant Staphylococcus aureus, MSSA: methicillin-sensitive Staphylococcus aureus, OX: oxacillin, MEH: Maneung-hwan,
ND: no detected activity at this concentration.

Table IV. Antibacterial Activity of MEH Extract against 8 Strains of Staphylococcus aureus

. MIC (ug/mL)

Strains

(0):¢ AM GT MEH
ATCC 33591 1,000 125 3.9 50
ATCC 25923 <0.9 <0.9 <0.9 25
DPS-1 500 125 62.5 25
DPS-2 0.9 1.9 31.25 50
CCARM 3090 125 31.25 31.25 50
CCARM 3091 2,000 62.5 >500 1,600
CCARM 3095 500 15.6 125 100
CCARM 3102 250 62.5 125 200

MEH: Maneung-hwan, MIC: minimum inhibitory concentration, OX: oxacillin, AM: ampicillin, GT: gentamicin.
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Table V. Minimum Inhibitory Concentration of MEH Combination with AM against Staphylococcus aureus

. MIC (pg/mL)
Strains Agent . FICI Outcome
Alone Combination
MEH 50 12.5
ATCC 33591 0.75 Partial S.
AM 125 62.5
MEH 25 1.56
DPS-1 0.56 Partial S.
AM 125 62.5
MEH 50 12.5
DPS-2 0.48 Synergy
AM 1.9 0.45
MEH 25 12.5
CCARM 3090 0.75 Partial S.
AM 31.25 15.6
MEH 100 50
CCARM 3095 0.53 Partial S.
AM 15.6 0.45

The synergistic combinations were investigated in the checkerboard method. FICI was interpreted as follows: synergy, x<0.5;
partial synergy, 0.5<x<0.75; additive effect, 0.76<x<1.0; indifference, 1.0<x<4.0; and antagonism, 4.0<x.

MEH: Maneung-hwan, AM: ampicillin, MIC: minimum inhibitory concentration, FICI: Fractional Inhibitory Concentration Index,
Partial S.: patial synergy.

Table VI. Minimum Inhibitory Concentration of MEH Combination with OX against Staphylococcus aureus

. MIC (ng/mL)
Strains Agent — FICI Outcome
Alone Combination
MEH 25 0.39
DPS-1 0.52 Partial S.
(0):¢ 500 250
MEH 50 12.5
DPS-2 0.52 Partial S.
(0):¢ 0.45 0.12
MEH 50 25
CCARM 3090 0.63 Partial S.
(0):¢ 125 15.6
MEH 100 50
CCARM 3095 0.75 Partial S.
(0):¢ 500 125

The synergistic combinations were investigated in the checkerboard method. FICI was interpreted as follows: synergy, x<0.5;
partial synergy, 0.5<x<0.75; additive effect, 0.76<x<1.0; indifference, 1.0<x<4.0; and antagonism, 4.0<x.

MEH: Maneung-hwan, OX: oxacillin, MIC: minimum inhibitory concentration, FICI: Fractional Inhibitory Concentration Index,
Partial S.: patial synergy.

CCARM 309591 T3l A= patial synergys E T & OX9 Al s=E A FAaAZETH °o]F S MEH
3] DPS-2, CCARM 3095914 AM2] SAls=E = 7} AR 9] AMEEFS Fol=t 7T 5 oS ER
Al ZF2ANHE ©1E B3 MEH7|F A8A9] AHS-S & 4 ASATKTable VI).

Zolet] 719 F A5S AE F AUATKTable V).

P

3) YA GT MEHS| 851}

2) UM OXet MEHS| BE21 MEH<$} GT9] HE83E =743+ 23}, CCARM 3090,

MEH$} OX 2| Hga3= =33 A3} DPS-1, DPS-2, CCARM 30959l 4] patial synergyS E{Th 53] + o
CCARM 3090, CCARM 30959 4] patial synergyS X FollA GTe] AAlFEE A FAAZEH ol B3
%tk £3] DPS-2, CCARM 3090, CCARM 309504 MEH7} &A1 2] AMES Zol=t 7198 F oS
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Table VIL. Minimum Inhibitory Concentration of MEH combination with GT against Staphylococcus aureus

. MIC (pg/mL)
Strains Agent — FICI Outcome
Alone Combination
MEH 50 25
CCARM 3090 0.53 Partial S.
GT 31.25 0.9
MEH 100 50
CCARM 3095 0.53 Partial S.
GT 125 3.9

The synergistic combinations were investigated in the checkerboard method. FICI was interpreted as follows: synergy, x<0.5;
partial synergy, 0.5<x<0.75; additive effect, 0.76<x<1.0; indifference, 1.0<x<4.0; and antagonism, 4.0<x.
MEH: Maneung-hwan, GT: gentamicin, MIC: minimum inhibitory concentration, FICI: Fractional Inhibitory Concentration Index,

Partial S.: patial synergy.

ATCC 33591
12
10 -
2 s e
E + —x " —#— Control
&) 6 # —= —+— MEH 34MIC
o0
S b -=-GT 12MIC
4 —— MEH 23MIC+GT 12MIC
2
0 T T T T T ]
0 4 8 12 16 20 24

Growth time (H)

Fig. 1. Time-kill curves of ATCC 33591 using MEH with GT.
Viable counts were conducted at 4, 8, 16 and 24h by plating
aliquots of the samples on agar and subsequent incubation for
18 hours at 37°C. The data are average of triple-indipendent
experiments. MEH: Maneung-hwan, GT: gentamicin, MIC:
minimum inhibitory concentration.

BRI = AATHTable VII).

4. The time—kill assay Z1}

% MRSA 521 ATCC 335919l th3t MEHS} GT
9] /‘g%"‘lixﬂ AEE gRIst7] 213l time-kill assay S 4
A%F A3l MRSAON 3/4 MIC2] MEHS} 12 MICS] GTS
A A 23RS we ARt W 7o) AAelAl o
o] FRI=|A] eFgkon}, WE T3S wodle Al
w2} o] Aol AAEE= AL RIS THFig. 1).

EF MRSA #F<% CCARM 30900 thd+ MEHS}
OXe| AAAA BEE &2lst7] sl time-kill assay=
AAZ A3k MRSAC 12 MICE ¢ #2392 v
= o] Ao JAE = FdE BYou foFd =

CCARM 3090
10 4
P .
10 ]
E 7 ¥ - A —+—Corntrol
o ) —+—MEH 12MIC
gﬁ 6 ﬁz: 5 _,',% —8—0X 12MIC
= T e, —=—MEH 12MIC-0X 1/2MIC
5 -
1<)
4 T
0 4 8 12 16 20 24

Growth time (H)

Fig. 2. Time-kill curves of CCARM 3090 using MEH with
OX. Viable counts were conducted at 4, 8, 16 and 24 hr by
plating aliquots of the samples on agar and subsequent incubation
for 18 hours at 37°C. The data are average of triple-indipendent
experiments. MEH: Maneung-hwan, OX: oxacillin, MIC: minimum
inhibitory concentration.

ol flleH, OXE &5 A3 S We +o A%
o] AA|E = Fds HolA ZUtt T2 172 MEHS}F
12 OXE HE& FAsAE wols ARt wet #9
o] A E= AL FRASIATHFig. 2).

5. Membrane
o|HES

b4 CHet MEHRt detergent

DetergentE AH8-51] MEH®] membrane F3/g0] 7
3lE= 9= 27] 98] MEHS} detergentES T T
E= B8 Ttk 1 27 3.9 pg/mL MEHS} 0.01%

£ @Y FASAS welle w9 AAAGATE 24
FoL F Aeks BEIINE e 7 Aol A
AHE AL AT F AATKFig. 3).
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0.6

04 T

03

OD 600nm

0.1

Con. TX-1000.01% MEH 3.9 pg/mlL TX-100+MEH

Fig. 3. Effect of membrane-permeabilizing agent TX-100 on
the susceptibility of Staphylococcus aureus to MEH. The
viability of bacteria was determined by a spectrophotometer
(optical density at 600 nm, ODgg) after incubation of 24 hr
with 3.9 pg/mL MEH and 0.01% TX. The data are meantstandard
deviation for triple-independent experiments. Con: control,
TX-100: triton X-100, MEH: Maneung-hwan. *p<0.05 as
compared to control, were determined.

6. Energy CHARXIGHO| CHSt MEHR} ATPase—in—
hibitor2| HE &1t

ATPase-inhibitorE AR8-5l9] MEHS] ATPase Aol
Ok o AIthAL Aldlso)] Aete = a3E B 93]
MEH$} ATPase-inhibitorg @Y Fo E& B8 Fo
3tttk 2 A3 3.9 pg/mL MEHS} 7.8 pg/mL DCCDE
@ TS woll= 7o) ARAATE ZA e
A v 7o o] TA A==
< I F UAAKFig. 4).

7. QRT-PCR 241

MEH7}F MRSAS] Aol thgk WA friztel] =X
T FHFES dotir] 98l qRT-PCRE 343+ A,
mecA, mecRl, blaZ, blaR12] W&o 23} ¥ W3}Y
< W ik As g1 o o, wEoEHel
F S B ATHFigs. 5~8).

8. Western blot Z1}
MEH MRSA®] dAA| Wjidel #oIsh= proteind
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0.6

0.4

0.3

OD600nm

0.2 *

4

0.1

Con. DCCD 7.8 ugml. MEH 3.9 pgml  DCCD + MEH

Fig. 4. Effect of ATPase-inhibitor agent DCCD on the susceptibility
of Staphylococcus aureus to MEH. The viability of bacteria
was determined by a spectrophotometer (optical density at 600
nm, ODg) after incubation of 24 hr with 3.9 pg/mL. MEH and
7.8 pg/mL DCCD. The data are meantstandard deviation for
triple-independent experiments. Con: control, DCCD: N,N-
dicyclohexylcarbodimide, MEH: Maneung-hwan. *p<0.05 as
compared to control, were determined.

122
3
i1 L
2
[
= 08
o
(=]
E 0.6 |
1]
7] *
E 04 - T
[
4]
o 02 *
=] T *
[
] T

Con, 1/8MIC MEH  1/4 MIC MEH  1/2 MIC MEH

Fig. 5. Effects of MEH on the mRNA expression of mecA as
analyzed by qRT-PCR. Cells of ATCC 33591 were treated with
serial dilutions of MEH (1/8 MIC, 1/4 MIC and 1/2 MIC)
for 30 min. The data are meantstandard deviation for triple-
independent experiments. Con.: control, MIC: minimum inhibitory
concentration, MEH: Maneung-hwan, qRT-PCR: quantitative
reverse transcription polymerase chain reaction. *p<0.05 as
compared to control, were determined.
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Fig. 6. Effects of MEH on the mRNA expression of mecRI
as analyzed by qRT-PCR. Cells of ATCC 33591 were treated
with serial dilutions of MEH (1/8 MIC, 1/4 MIC and 1/2 MIC)
for 30 min. The data are meantstandard deviation for triple-
independent experiments. Con.: control, MIC: minimum inhibitory
concentration, MEH: Maneung-hwan, qRT-PCR: quantitative
reverse transcription polymerase chain reaction. *p<0.05 as
compared to control, were determined.
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Fig. 7. Effects of MEH on the mRNA expression of blaZ as
analyzed by qRT-PCR. Cells of ATCC 33591 were treated with
serial dilutions of MEH (1/8 MIC, 1/4 MIC and 1/2 MIC)
for 30 min. The data are meantstandard deviation for triple-
independent experiments. Con.: control, MIC: minimum inhibitory
concentration, MEH: Maneung-hwan, qRT-PCR: quantitative
reverse transcription polymerase chain reaction. *p<0.05 as
compared to control, were determined.
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Fig. 8. Effects of MEH on the mRNA expression of blaR]
as analyzed by qRT-PCR. Cells of ATCC 33591 were treated
with serial dilutions of MEH (1/8 MIC, 1/4 MIC and 1/2 MIC)
for 30 min. The data are mean+standard deviation for triple-
independent experiments. Con.: control, MIC: minimum inhibitory
concentration, MEH: Maneung-hwan, qRT-PCR: quantitative
reverse transcription polymerase chain reaction. *p<0.05 as
compared to control, were determined.
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Fig. 9. Inhibitory effects of MEH on the PBP2a production,
as analyzed by western blot. Cells of ATCC 33591 were treated
with serial dilutions of MEH (1/8 MIC, 1/4 MIC and 1/2 MIC)
for 30 min. The data are meantstandard deviation for triple-
independent experiments. Con.: control, MIC: minimum inhibitory
concentration, MEH: Maneung-hwan. *p<0.05 as compared to
control, were determined.
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Fig. 10. Inhibitory effects of MEH on the PBP2a production,
as analyzed by western blot. Cells of CCARM 3090 were
treated with serial dilutions of MEH (1/8 MIC, 1/4 MIC and
1/2 MIC) for 30 min. The data are meantstandard deviation
for triple-independent experiments. Con.: control, MIC: minimum
inhibitory concentration, MEH: Maneung-hwan. *p<0.05 as
compared to control, were determined.
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