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Objectives The objective of this study is to determine the antimicrobial effect of
Daehwanggyeonu-san(Dahwanggianniu-san,DGE) and synergistic effects with antibiotics
oxacilin, ampicillin, and gentamicin against Methicillin-Resistant Staphylococcus aur-
eus(MRSA).

Methods The antibacterial activity of DGE extract was evaluated againest MRSA strains
by using the Disc diffusion method, broth microdilution method(minimal inhibitory concen-
tration; MIC), checkerboard dilution test. The checkerboard dilution test was used to exam-
ined synergetic effect of oxacillin, ampicillin, gentamicin, ciprofloxacin with DGE extract,
Results DGE showed antimicrobial activity against MRSA with an MIC value of 125 ~250
ug/mL., In the checkerboard test, the interation of DGE with all tested antibiotics produced
almost synergy or partial synergy against MRSA,

Conclusions This study shows that DGE reduced the MICs of several antibiotics tested,
and a remarkable antibacterial effect of DGE, with membrane permeability enhancers and
ATP synthase inhibitors, This study can be a valuable source for the development of a new
drug with low MRSA resistance, (J Korean Med Rehabil 2018;28(2):21-35)

Key words Daehwanggyeonu-san(Dahwangqgianniu-san,DGE), methicillin-resistant
Staphylococcus aureus(MRSA), antibacterial effect, MIC.
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o] Fa3k Ullo] H&= v 8 ojmdd 749 ¢
o] Al WAARATA, Al A depEAE
WEES7TH, WAl B4} g3k 24 3 A
At 1S gl walior & Aol el
9 R E EHE F5AI717] S8l wA W2 (cross-re-
sistance)©] §liL, 28 7|Ho] M2 thE S A=
EotaWo] F=2 o] &5 gl5ol uet 2 Aol o]
gt A WAEAE EFolF7] Sl Ad= e &
FEAL] 7eAS Gopr A} Y.

KEF e THRRERR A B TEGRS T
ol Hx2 7)Ao, g o 58 A
O 2 IR, KEMRE o2 SRt AT
KEI FAFR Hollom, KEe W TEM, A
o] okgetd &Fe-S 7HAAL Qlo], &+, I, Fntole
2, 2 S| Tk Tvol Jokm LA o
FHTE WM, BAGENE, &l ety %S
7HR|aL le], lipopolysaccharideo]] oJ&] =¥ RAW
264.7 cellollr] AFAA| &34, )% NAEH Fol B
T up Qe ole} o] k) #:-ol el o
gt ¥ B QUANE BRIl ke AEel o
gk A= ol 7kA| Hard vyt gk

ole]] = kEH 4] Disc Bt AF-E S3 MRSA
o theh DS AFsIAeH, HrdAlE=MIO)E
SAste] 7| A KEE A FEES WA st
92 Wl synergy effect @ partial synergy effect® FA}
ShdaL, keEHE ] e do] M2 F3/d3 ATPase
AR ABAFo] AeTHE AFst ot AAE A
7)o Birshk= wlolt},

A2 D vy

1. REESHO| =

K ge T, Vo] A VIE0® ki 10 g,
#HT 5 g2 33 B 45 g2 70% ethanol 500 mLE F
Z3to] kEE, sA0x S AA 18800 75
ES FgtK(Table D).
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Table I, The Composition of Daehwanggyeonu-san
(Dahwangqianniu-san)

Herbal name Pharmacognostic name Weight
KE Rhei Rhizoma 10 g
FHT Pharbitidis Semen 5¢g

2. Aok

Mueller-Hinton agar(MHA)2} Mueller-Hinton broth(MHB)
+= Difco™ (Baltimore, MD, USA)ol)A, Tris-(hydroxymethyl)
aminomethane& AMRESCO(San Francisco, CA)olA],
Sodium azide(NaNs)i= Fluka (Neu-Ulm, Germany)oilA],
YA oxacillin & ampicillin & gentamacin & cipro-
floxacin®} Triton X-100, N,N-dicyclohexylcarbodimide(DCC)
= Sigma-Aldrich(St, Louis, USA)ol|A] F¢lsle] 234
A88ESIE

3. 2% % uhe

B 2o ALl T (type strain) ATCC 335918
American Type Culture Collection(Manassas, VA, USA)
ol FUFFHIL, CCARM 3090, 3091, 3095, 31023 A]
Soft A WA dF2Y 02 HE], DPS-1,23S 9%
st el AP eloln] Btol TR ARES)
et

T+ —79°C WEaLolx 30% glycerolol] 3T}
Mueller-Hinton agar(MHA)ell HZE3sk & 37C &27]
(incubator)o|A] 24413F vijeFste] Aol ARE-aFSITE.

1) c|A3 &HHH(Disc diffusion method)

KEFEFH ASHSFEE(DCGE)Y Jradi= gi=
ARG E3 MRSA] tiek FaAde skl
29} EtE MHAOY 24A17F vijokE o 100 ulE Fae
Taksle] HEXHOZ 1.5 x 100 CFU/mLo] =7 3+t
theog Wit 9 paper disc(6 mm)ol DGE(25 ug, 50
ug, 100 ug, 200 ug)et AP 10 pgs 22 20 uL
FUste] 3] F5A121 F 37C incubatorollA] 244

b W FAIA paper disc F91oll F4E ARG A



KEFLH TS FEE2] Methicillin WAl Staphylococcus aureuso] theh d18A A+ J.

sk3let.
2) E|AH|sE(Minimum inhibitory concentration, MIC)

FAA|FE=(MIC)= Clinical and Laboratory Standards
Institute (CLST 2000) ol whel A=) X HS &
& 245190, DGES AA|A o] F=EE 5480,
&d7]¢] B 0.5 McFarland 1.5 x 10° CFU/mLE 7|22
2 10 WA HEslo] HE2H0F 15 x 107 CFU/wello]
A et o= 37°C ZeTlolA 2423 Wi #
nAEo] FAEA| = 7P B oFEe] TEE MICE

=gy,

3) ok=28d 25 7HFractional inhibitory concentration in-
dex, FICI)

DGE%} Aol Head=E H7]|93l checkerboard
dilution testZ AT} A SHIAIE= oxacillin (OX),
ampicillin (AP), gentamicin (GT). ciprofloxacin (CP)©]
™ 7] AAA] AT Fdg o R FPAIE
elsie o Mg Sgsiaict

FICI 247152 vhaat 2o

FICI = FICA+FICg = A/I\/HCA+B/MCB
(MICy: 9FEAS] MIC, MICy: 2FEBS] MIC, A: SFEBE
W83k okRAL] T, B oHEAE W8S oFEBe F)

FICI{0.5, 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,

4) AE=M 2AM(Growth curve assay)

DGE®} 844 OX, AP, GT, CPE HEJ-S uf MRSA
Z2) WskE 17195 ARkl e MRsAS] AFEAL
F351 (optical density, ODgoo) 2.2 2453,

5) M=ot ExMM(cytoplasmic membrane permeability)

2} Adenosine triphosphate(ATP) synthase 24H|

DGES] gtgdo] Mxut T4 ZsAlel ATP syn-

thase #3jAlE W3S of 24 ®iskE B7] 9l8)
detergentQ] Triton X-100(TX)3} Tris-(hydroxymethyl)
aminomethane (Tris)% ATP synthase inhibitorS AR&-3}
et

TX+= non-ionic detergent® 9} 7183} 7S =90
2A A A ST S SleH, X9 Trise
BRI SRAR AR,

N,N‘Dicyclohexylcarbodiimide(DCCD)2} sodium azide
(NaN3)= Fo-Fi-ATP synthase(FoF)S A3|gho 24 ATP
o thALE ojalshs Ao, DGEe] FEae] MRsA
o] ATP-dependent transport systems®]] #dd=x] H7]
ffal ARgaFAITE.

e AL 33] o) ¥HEo R o]fojxlon, A4
= 7b ol weh FEX+RFAR}L (SEME T3}
I o4 Student’s t-test TS o]-&3to] Al

95% (p ¢ 0.05)°014 A=A FoJx-= HrFshsict

A3} »»
1, C|A3 ELHH(Disc diffusion method)

MRSA ATCC 33591, CCARM 3091, DPS-29] thét DGE
o] gtad= v=a LS 53 JERTh DGES]
100 ug/20 uL = 200 ug/20 uLolA Fadt e
A& HEbtHFg. 1-3).

2. E|Ax| =5 (Minimum inhibitory concentration,
MIC)

DGE9] H8AL HLAls=(MIC)E S3)] Fels}

A}, MRSA 879l 3t DGES] HAGAl s 125~
250 ug/mLe|ATHTable 1I),
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Fig, 2, Diameter of inhibition zone(mm) of DGE against MRSA(CCARM 3091).
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Fig, 3. Diameter of inhibition zone(mm) of DGE against MRSA(DPS-2).
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Table II, Antimicrobial Activity of DGE Against 8 Strains of MRSA.

Strains MIC (ig/ml)
DGE OX AP GT CP
250 62.5 125 1.95 0.48)
CCARM 3090 250 1,000 15.6 0.48 31.25
CCARM 3091 125 500 31.25 1,000 7.8
CCARM 3095 250 250 15.6 125 250
CCARM 3102 125 250 250 250 62.5
DPS-1 250 3.9 15.6 31.25 0.48)
DPS-2 125 3.9 15.6 62.5 125
DPS-3 250 500 15.6 0.48) 31.25

OX, oxacillin; AP, ampicillin; GT, gentamacin; CP, ciprofloxacin.

Table III, Results of the Combination of DGE and OX Against MRSA.

. MIC (ug/mL)
Strains agent FIC FICI Outcome
Alone Combination
DGE 250 125 0.5
ATCC 33591 0.56 Partial S
OX 62.5 3.9 0.06
DGE 250 15.6 0.06
CCARM 3090 0.56 Partial S
OX 1,000 500 0.5
DGE 250 62.5 0.25
CCARM 3091 0.31 S
OX 500 31.25 0.06
DGE 250 62.5 0.25
CCARM 3095 0.28 S
OX 250 7.8 0.03
DGE 250 125 0.5
CCARM 3102 1.0 AE
OX 250 125 0.5
DGE 250 250 1.0
DPS-1 2.0 NS
OX 3.9 3.9 1.0
DGE 250 250 1.0
DPS-2 2.0 NS
OX 3.9 3.9 1.0
DGE 250 250 1.0
DPS-3 2.0 NS
OX 500 500 1.0

OX; oxacillin, S, synergy; AE, additive effect; NS, no synergy.

3. k2442 G 7Fractional inhibitory concentration ¢ F=E 2~328) HAaAIZC

index, FICI) 2) DGES} ampicilln(AP)2] w25

1) DGE2} oxacillin(OX)2| Hega} DGESH HIEFIEHA( Blactams) SHAAIS] APE W85

DGES} WEEA(Flactams) A sadE A3}, MRSA 639llA synergy effect™ partial synergy
ZAE7] SJE) WER—IE] Al oxE wles Ad) effect® YEPATHTable V). 15.6~125 ug/mL DGE]
MRSA 431Fof|A] synergy effect™ partial synergy effect A AP HZEE 2~0644] ZHAAFTH
£ YERItHTable T11). 15.6~125 ug/mL DGE9A OX

www.e-kmr,org 25
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Table IV, Results of the Combination of DGE and AP Against MRSA.

DGE 250 15.6 0.06
ATCC 33591 0.56 Partial S
AP 125 62.5 0.5
DGE 250 125 0.5
CCARM 3090 0.51 Partial S
AP 15.6 0.24 0.01
DGE 250 125 0.5
CCARM 3091 0.75 Partial S
AP 31.25 7.8 0.25
DGE 250 62.5 0.25
CCARM 3095 0.5 S
AP 15.6 39 0.25
DGE 250 62.5 0.25
CCARM 3102 0.75 Partial S
AP 250 125 0.5
DGE 250 250 1.0
DPS-1 2.0 NS
AP 15.6 15.6 1.0
DGE 250 15.6 0.06
DPS-2 0.18 S
AP 15.6 0.97 0.12
DGE 250 250 1.0
DPS-3 2.0 NS
AP 15.6 15.6 1.0

AP; ampicillin, S, synergy, NS, no synergy.

Table V. Results of the Combination of DGE and GT Against MRSA.

DGE 250 7.8 0.03
ATCC 33591 1.03 NS
GT 1.95 1.95 1.0
DGE 250 1.95 0.01)
CCARM 3090 1.01) NS
GT 0.48 0.48 1.0
DGE 250 15.6 0.06
CCARM 3091 0.56 Partial S
GT 1,000 500 0.5
DGE 250 62.5 0.25
CCARM 3095 0.5 S
GT 125 31.25 0.25
DGE 250 62.5 0.25
CCARM 3102 0.75 Partial S
GT 250 125 0.5
DGE 250 7.8 0.03
DPS-1 0.15 S
GT 31.25 3.9 0.12
DGE 250 62.5 0.25
DPS-2 0.5 S
GT 62.5 15.6 0.25
DGE 250 - -
DPS-3 - -
GT 0.48) - -

GT; gentamicin, S, synergy; NS, no synergy.

26 J Korean Med Rehabil 2018;28(2):21-35
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Table VI, Results of the Combination of DGE and CP Against MRSA.
. MIC (ug/mL)
Strains agent FIC FICI Outcome
Alone Combination
DGE 250 -
ATCC 33591 - - -
CcpP 0.48) -
DGE 250 1.95 0.1)
CCARM 3090 0.13 S
CP 31.25 0.97 0.03
DGE 250 31.25 0.12
CCARM 3091 0.37 S
Ccp 7.8 1.95 0.25
DGE 250 15.6 0.06
CCARM 3095 0.31 S
Ccp 125 31.25 0.25
DGE 250 62.5 0.25
CCARM 3102 0.75 Partial S
CP 62,5 31.25 0.5
DGE 250 -
DPS-1 - - -
CcpP 0.48) -
DGE 250 1,95 0.1)
DPS-2 0.13 S
CpP 250 7.8 0.03
DGE 250 125 0.5
DPS-3 0.53 Partial S
CP 15.6 0.48 0.03
CP; ciprofloxacin, S, synergy.
3) DGE®} gentamicin(GT)2| HEF 1} 1) DGE + OXoflA{ MRSA(CCARM 3091)2] A4XZM

DGE®} oln|:=Fg]FAle| =] (aminoglysides) 33|
o] FsaIAE AL Hsl GTE W83k 23}, A
MRSA 735 & STFolA synergy effect™ partial syn-
ergy effect® YERJTHTable V), 7.8~62.5 ug/mL DGE
oM GTe| FE=E 2~8H] ZaAZ

4) DGES} ciprofloxacin(CP)Q| Hd&g 1}

DGE®} F&EA(quinolons) 3AYAe] FEad=s *
ARsl7] 13l CPE W83t A3, AAISE MRSA 6TFoll4]
synergy effect? partial synergy effect® UEFITHTable
VD). 1.95~125 pg/mL DGElX CPo| §&E 2~321|
Pz,

4. Growth curve assay

DGE((250 ug/mL)¢} 347 OX, AP, GT, CPE &3}
& wl MRSAS] AL Fig 4 7ol e

DGES} OX¢] 1/2 MICE ¢ & H-g3}e] 24A)7Hg<t
et A, oHEg AelehA| gk ol Hls| OX—TL% H]
WA IRl FAPIEHE VER o™ DGETE R
o oJaf F2o] JA =N ot 8AITE O] FHE] MRSA F2]
o] Az} F7IehR= s YERT WhHo| DGES} OXE
835 oM FdsiAl AAIE MRSAS] F241S HofF
AckFig. 4).

2) DGE + APO|A{ MRSA(DPS-2)2| A4E=M

DGES} AP 1/2 MICE T 2 W83}e] 24AI7Hs<t
e éﬂr oFE-g A2JelA] gk Tof| Hlgl APS} DGE
T2 R off AsfE o FAg S e
Wtk wkAc] DGESF APE 83 ol 23] A
H MRSAS| 525 HAFAvk(Fg. 5).

(o3

O]l

3) DGE + GToflA{ MRSA(DPS-1)Q| AZtZM

DGE®} GT9 1/2 MICE @ 2 HE3te] 24A7H5
oF A2jgt Ax} oFe-g AESHA] %2 T GTT2 H]
g SHFEE e oyt DGEZF DGESE GTHE8

My
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MRSA (CCARM3091)
—m—Drgfree
E —+—DGE
= —a—0X
=1
a --8--DGE+0X
o
Fig. 4. Growth Curves for MRSA(CCARM 3091) in
the Presence or Absence of DGE and Oxacillin(OX),
Bacterial Cell Growth was Measured by Using OD
at 600 nm at Indicated Time Points,
MRSA (DPS-2)
E —#— Dmg-free
= DGE
=]
fa) —i— AP
© --8--DGE+AP
Fig, 5. Growth Curves for MRSA(DPS-2) in the
Presence or Absence of DGE and Ampicillin(AP).
Bacterial Cell Growth was Measured by Using OD
at 600 nm at Indicated Time Points,
MRSA (DPS-1)
16
g —#— Drug-free
) DGE
E ——GT
= --#--DGE+GT
Fig, 6, Growth Curves for MRSA(DPS-1) in the
Presence or Absence of DGE and Gentamacin(GT).
Bacterial Cell Growth was Measured by Using OD
at 600 nm at Indicated Time Points,
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Fig. 7. Growth Curves for MRSA(CCARM 3095) in
the Presence or Absence of DGE and Ciprofloxacin(CP).
Bacterial Cell Growth was Measured by Using OD
at 600 nm at Indicated Time Points.

Fig, 8. Effect of the Membrane-Permeabilizing
Agent TX on the Susceptibility of MRSA(ATCC
33591) to DGE. The Viability of Bacteria was
Determined Spectrophotometrically(Optical Density
at 600 nm, ODgy,) After Incubation for 24 hr with
7.8 pg/mL DGE and 0.0001% TX. The Data are
Average of Triple-Independent Experiments. *p (
0.01 Compared to Control(CON).

Fig. 9. Effect of the Membrane-Permeabilizing
Agent TRIS on the Susceptibility of MRSA(ATCC
33591) to DGE. The Viability of Bacteria was
Determined Spectrophotometrically(Optical Density
at 600 nm, ODy,) After Incubation for 24Hr with
7.8 pg/mL DGE and 62,5 p#g/mL Tris. The Data are
Average of Triple-Independent Experiments. *p <
0.01 Compared to Control(CON).
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Fig. 10. Effect of the ATP Synthase Inhibitor DCCD
on the Susceptibility of MRSA(ATCC 33591) to DGE,
The Viability of Bacteria was Determined
Spectrophotometrically(ODyy,) after Incubation for
24 Hr with 7.8 #g/mL DGE and 62,5 #g/mL DCCD.
The Data are Average of Triple-Independent
Experiments, *p ¢ 0.01 Compared to Control(CON),

1.4 - =
12 -
5
= 0.8 1
=
w0
o 06 A
o
0.4 - -
=
02 - =
(0]
oCON " DGE(7.8ng)
eDCCD{G2.5 ug) o DGE+ DCCD
1.4 =
1.2
1 -
£ .
g 08 T
et L
~ 06
o
04
0.2
v}
o CON EDGE(7.8 pg)
8 NaN3(50 ug) o DGE+ NaN3

Fig. 11, Effect of the ATP Synthase Inhibitor NaN;
on the Susceptibility of MRSA(ATCC 33591) to DGE,
The Viability of Bacteria ~was Determined
Pectrophotometrically(ODygy,) ~after Incubation for
24Hr with 7.8 pg/mL DGE and 50 pg/mL NaNj,
The Data are Average of Triple-Independent
Experiments, *p ¢ 0.01 Compared to Control(CON),

T2 RS oJg] st AlE MRSAS] FAS
HAFItHFig. 06).

4) DGE + CPO{|lA{ MRSA(CCARM 3095)Q| MEtZA

DGE$} CPe] 1/2 MICE ©+ ¥ W-§3}o] 24A17H5<t
e A7, oHeg A 28hA] 92 woll Hls| Cpt H]
WA AGFHRl FAEE el e DGET e
gell o3l F2lo] A=At 8AIRE ©]FHE] MRSA
Z2lo] Aak S7FRs S Yelith. DGES}F CPE H
3 TolME sl A=} 8AIRE o] F M F
7= MRSAS] F241-8 HAFQlrh(Fig. 7).
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5. DGESQ} ot F1pMd =XIH| 2 ATP synthase
abolb]|

ot

fo

1) DGES} o £ ZZIH|o

DGE®] @A} ot T x4l 235 Akt
7] 93, 7.8 ug/mL DGES} 0.0001% TX % 62,5 u
g/mL Trisg 27 W83ttt 1 A7, WaAes k=
o] X} MRSA(ATCC 33591)9] AEHS 2H2} 70%9} 85%=
72 FcKFig. 8, 9).

2) DGE2} ATP synthase 2dH|x|2| o}

ATP synthaseZ 7+AAl7|+= tALIAIA 24, DCCD2}
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J

NaNs& 7.8 ug/ml DGESh 747 ¥4k A%}, 747} 82%
s 4760] IAES ERTkFig, 10, 11).
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X
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FEo| Yoo R FH-Za1E Ax(coagulase),
S TAFE A (leucocidin) @} 88 2~(hemolysin) 52 A
Mol a3 AEe] ehae Adahact ™, o
2 penicillin®] methicillinel] W3S Rol= S methidillin
WA B =AM (methicillin-resistant Staphylococcus
aureus ; MRSA)OlZF 3P S aureus= BRlactam AQ
A o] FAQl 2L penicillin binding protein(PBP
2a)& AYdste] mec Al o3 Blactam A2}
o] Fghert v A2 #Aydd Ag @ (penicillin
binding protein, PBP 2a)< AJ/35}e] methicillinol] W3-
A7 B

AA S3EeA B8A W= Qe thAlAdte]
Aetal gk, gAY It ARES vl &1
g Ao Aafe] Fagt Hlo] He whg AHgh o]
AR A2 S SRl BejEs
aureusAA] W E] A= (methicilllin) A o] 90%2 B E+=
T o] AGe] A ThAUdS KolaL glof olzlgt
AW dTte] F7teh Ak 71Ee] AR E T ol
x| gs}7] ozl 33l HwstA . A A%
G2 Ve dAET e thE APEskE A28 2T
As A 712 FtAle] 725 AEAA ATl &
I Hol= e 2HEY JYAIE JEehs 2ol
gk A A EAY o= Qg AR A 7]
7 e Ho= o] vre S aeletelof it
FatAl WeaS 12k el AHdlE S5, 394
Q1 Bt WS FHsky] 913 23k Al 2lo] ThAl
ol Fagk YRS YIJstofor aF L okAle}
AeAg 5 3d B TeEolok gt
KEEFEA S THEEE O 5 Ao kEEs
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T, Dok, IWAIRER, mASE, WaEE 5o ¥E
< AE8} 4 F hefbBH 3 5 Convolvulaceae)
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ol #EE o)W ArRE A 5] Az AT 2
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g AF 5 ok AFA A7 AST
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>
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oM Rele ExEehie] olgtel thd dat L AU
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o] kiold FZ% emodin®] MRSAY| tek A&
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Aote] Fe2hg 2 AlEe P27 5497 ouX|tiAtel
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5 9lo] Mrsao] e A FREA F S Ak
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KEF L MHSFEE(DGE)S]  Methicillin - WA
Staphylococcus  aureustMRSA)l| T8t dTEAdS =4
sto] thedt 22 AFE Atk

1. DGEE t2== 3:hHS 53] MRSA Al w5l
3] 100 ug/20 uL = 200 pg/20 uLollA &
= vERIC

2. DGE2] MRSA FHAYAFE==MIC)E 125~250 W
g/mL o3It}

3. DGE¢} 384 OX, AP, GT, CP2] H-&43} K%
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A, KEFFH ASEFE=°] MRSAY|
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