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The Antimicrobial Activity of Daehwangmokdan—tang against
Methicillin—resistant Staphylococcus aureus

Han Hyoung—Sun, Dong—Yeul Kwon™® and Ok—Hwa Kang™

Department of Oriental Pharmacy, College of Pharmacy,
Wonkwang University, Wonkwang Oriental Medicines Research Institute, Iksan, Jeonbuk, 54538, Republic of Korea

ABSTRACT

Objective : Infectious diseases are a growing problem worldwide by Methicillin—resistant Staphylococcus aureus (MRSA).
Daehwangmokdan—tang is one of the oriental medicine prescriptions contained in Principles and Practice of Eastern
Medicine, This study investigated the antibacterial activity of EtOH 70% extracts of Daehwangmokdan—tang (DMT)
which prescription is composed of oriental medicine against MRSA,

Methods : The antimicrobial activity and active concentration of MRSA were verified by measuring the minimum
inhibitory concentration (MIC) of DMT, In addition, the effects of the disease were checked by treating the existing
antibiotics and large ethanol extract in parallel, and the extent of growth suppression was checked over time, In addition,
cell membrane permeability experiment confirmed the effect of large DMT on the immunity mechanism of MRSA,
Results : TThe minimum inhibitory concentration of DMT against MRSA is 500 ~ 2000 ug/m{¢ by broth dilution method,
In the checkerboard method, the combinations of DMT with antibiotics has partial synergistic effect or synergy effect
and DMT markedly reduced the MICs of the antibiotics oxacillin (OX), gentamicin (GEN) against MRSA, In the inhibition
of resistance mechanism of DMT against MRSA, the expression of resistance gene and protein about f—lactam antibiotic
was reduced, Also, we observed the effect of DMT about cell membrane permeability against MRSA, and confirmed
that DMT suppressed growth of strains by increasing cell membrane permeability and energy metabolism,
Conclusion : Basis on the result, we speculate that DMT may be useful for the treatment of MRSA infections when
used in combination with A—lactam antibiotic.

Key words . Daehwangmokdan—tang (DMT), Methicillin—resistant Staphylococcus aureus (MRSA), Antimicrobial,
Synergistic effect
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f—lactam antibioticsE® MRSAY] =Z&A]7|H AN ZL|H o
AAE Blar17} o1& AAst AZzYW HEFE F3tH
Blaz9] AANE $E8t9] p-lactamase7} AAtETh” p-
lactamase+ S, aureus 2] N|EY A4S FF3I = PBP
9] A& Walshe A2 7R3 Qlo] f—lactam antibiotics
9] p-lactam RingE 7}rEa|$C 2 A transpeptidase &
28] g H 9o p-lactam Ringo] F&6}A] ZIE=E 5}of
WS G55t Het ol e S AA S aureus = Al
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#2 MRSA7} €k
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AFHAY B G5 FE7HA7F BT glo] A7kt
mj & o Yoz Prl wm glct

oj¥l AFo] AHLE BT CkEAHSHE DMT)E &
[EE N AR EIRE ] 28 Ageke® Eakx),
g}, Bk, =9, BRI AT oI Jlom, IHHES
A2t EA dAolnt 0 e 270 waEike] I,
el St o] ko] A At o|HY FgL
Zfjol] 5= o] o] A e A 2ate] AAY Ro=,
DMTE JEEste] SktiEe) 852 7T ok uH)
Zol L wHFT KUk RS AT, B 4o
Bl e gt =L #pste] Jo| ntdsty] Fo}
3t i} wjgtetel B Lo %2l o] ¥L AT AS e @
dlo] Aej2 A st o] F RS E#OR Ay duhat
AL HEPA tn Bel AL Tolsl LS A Tx,
m#e 4857 Fma-eS 7D @ES s 2dns
p#Eo 2 313 Qlth, of7le] B A ST MREAS s
Helks o) B0l b a5 wiRstel, & 9| gt
S fof A &0 FET AE 5 IS A8 VAR

0|9} Zro] DMTE FAFT Yt theh, Zotm], =20
BBl g - FELE 59 Fargo] Rug He glout
ofg] 7% oFAS Bste] AuE DMTO| et aFe4n

¢

52k ol Bk AT oFa7HA) B Ho| girk. wehA,
DMT7F S AR A B WS 35 & 4 Qe

£RAAE Ble) m2A S,

I. A= 92 Py
1. DMT] Az

2 A AHEE FAl= HAFE (Sl FYste] A
T4 ue7h sk ARt A 20 g, Hi® 8 g,
Edy 6g =2 6 g, Tx 4 g2 70% ethanol 500 M2 &
sol AR, BAAZY BHL A 12,099 $EL
ATt (Table 1),

Table 1. The Composition of Daehwangmokdan—tang.

Herb name Parmacognostic name Weight (g)
£JNF Benincasae Semen 20g
KHE Rhei Radix et Rhizma 8g
L ead Moutan Cortex Radicis 6g
= Persicae Semen 4g
Y Natrii Sulfas 4g
2. Aok

Mueller—Hinton agar (MHA)2} Mueller—Hinton broth
(MHB): Difco™ (Baltimore, MD, USA)ollA], Dimethyl
sulfoxide (DMSO), Triton X—100 (TX—100), Oxacillin
9 Gentamicin, MTT[3—(4, 5—dimethylthiazol—2—yl)—2,
5—diphenyltetrazolium bromide, 5 mg/ml]+= Sigma—Aldrich
(St. Louis, USA)ollA F+{15te] 7ol AHg-3tGATt

3. @5 W W%

E AYoA+= 87FA MRSA #F7F AMEEH T AMEH
432 ATCC 25923, 335912 American Type Culture
Collection (Manassas, VA, USA)o|A ¢3}953L, CCARM
3090, 3091, 3095, 3102= A=At A WA #5223
(Culture Collection of Antimicrobial Resistant Microbes,
CCARM, Korea)2 22X ¥, YA+ DPS—1, DPS—2& 9%
et HY A¥ 3 (Department of plastic surgery, DPS)
2RE geoftol Ao ARSIt #F= -80T YEaLolAl
30% glycerolo] ®3 E]9l11, Mueller—Hinton agar (MHA)
EE Trypsin—Soy agar (TSA)o HE3d & 37C &-27]00A4
24X v eFste Aol AHE-sT

4, {A2AF=
(Minimum inhibitory concentration, MIC)

2 A A5 = (MIC)+= Clinical and Laboratory Standards
Institute (CLSI 2000)2] B3] AA|wiA] 54 o) wtat 57
sttt DMTE HAujAo] F=d2 343 & E&= 0.5
McFarland standard® 71222 10 ¥ HZE3d}o] final
bacterial concentraion 1.5 x 10° CFU/well®] =74 &}t

SO 2 37C F27]0A 242 wiF F, ZHZHe] MICE
DMT ©=5o X Gentamicin (GEN) 39 HEEAE
nEe] FAEA g 7P 32 FEY se2 SHHN
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5. EWL 87} (Fractional inhibitory
concentration index, FICI)

DMT ¢} 3 A|2ke] H-EaaE gelstr] Y& fractional
inhibitory concentration index (FICD)E &#3}7] 93|
checkerboard dilution test® AA|3%tt, DMT & GT+=
1:1 ¥&2 FEAT st, AFHH-L G4 Al AAu)A|
B AT FUSHA A FST FICI AFE 342 thadt Zeh

FICI = FICA+FICs = A/MICA+B/MICs

MICa : 2ZAL| MIC,

MICs : 2F=B2| MIC,
A OFEBE 23} Ok

S
)

HESH AZAL| S,
B : AEAE HES AEB2| 5&)
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.

6. Time—kill curve assay

DMT @=%o] Ei= GEN ¥EH2 1 MRSAS 4
Hs Br)9lE el £ AlYst. MRSAE 24
AZEEjeF B, HFEA R BeE 15X 10° CFU/m 2 %3
Q3L 0, 4, 8, 16, 24 A|7H M2, FEE == MHBY| Fit
%3t Control, DMT 1/2 MIC® GEN 1/2 ©EEo3,
DMT 1/2 MIC®} GT 1/2 MIC H-EEZ o2 }i=o] 23
37T incubatorol A 24A]17+¢] 7¢
ERstqr

319k, Colony countse
Z& T3 30 ~ 300 coloniesZ

7. Membrane permeability inhibition

DMT®] membrane permeability 5313 MRSA2] A7}
AAE LotE7] Y3l S, aureus 2] membrane permeability
£ ZZA)7]E= Detergentdl TX—100 @=5Foj9} DMT ©&
o, TX-1007 DMT &} *§-&F o & vlustgrt,

8. Metabolic inhibition

DMT9] Energy Al 984 455 ZotEr]| Y81, ATPase
inhibitor2# AH§-E= DCCD @EFo{et DMT THERo,
DCCD¢ DMT9| W¥-8FE vttt

©

F-IE

. SAEA

RE AP 33 ol HtRo R o|RojFon HAFANY=
7} o] uhet HobX| £ REHUAL (SD)E ot 1 Fo482
GraphPad Prism E4%& o]-§3t A=4E 95% (p (0.05)
oA TAH F2-5 BrIskAH

m 2 I

1. DMT$} I 4 o] MIC

DMTe} 1 74 ebijel e, by, w2, e, SR
MRSA @3el4 FELYE Mt 2 Bk A
DMTOI Mg 2 840] 2HE I Ll okajol A MIC7H
5,000 o422 F2RA0] YehA QsEeh (Table 2),

Table 2. The Antimicrobial Activity of Benincasae Semen, Rhei
Radix et Rhizoma, Moutan Cortex Radicis, Persicae Semen, Natrii
Sulfas and DMT against MRSA.

. MIC (vg/uf)
ATCC 33591 CCARM 3090 DPS-1
Benincasae Semen >5,000 >5,000 >5,000
Rhei Radix et Rhizma 312.5 312.5 625
Moutan Cortex Radicis >5,000 >5,000 >5,000
Persicae Semen >5,000 >5,000 > 5,000
Natrii Sulfas >5,000 >5,000 >5,000
DMT 2,000 500 2,000

2. DMTY] w84

DMT 4E84S 2 9A5= (MIC)E B3l &gt At
Aol AFE3F MRSA BE F3o] thdke] 500 ~ 2,000 ug/ml
ol Al o] AAFo] AR == AL ATt (Table 3).

Table 3. The antimicrobial activity of Oxacillin (OX), Ampicillin (AM),
Gentamicin (GEN), DMT against MRSA.

Strains Rl
OX AM GEN DMT
ATCC 25923 <0.9 <0.9 0.9 500
ATCC 33591 500 125 3.9 2000
CCARM 3090 250 31.2 62.5 500
CCARM 3091 2000 62.5 2000 2000
CCARM 3095 500 31.2 125 1000
CCARM 3102 500 125 500 2000
DPS-1 250 62.5 125 2000
DPS-2 <0.9 1.9 62.5 200

OX, oxacillin; GEN, gentamicin; AM,
Ampicillin; DMT, Daehwangmokdan—tang

3. DMT$9} Gentamicin (GEN)3}-9] <F&4-4-a 3}
(Fractional inhibitory concentration index,
FICI)

DMTe} obu|ieFa] FA]EA| (aminoglycoside) FAYAI

GENS 883 23}, DPS—29|A] synergy &3} (FICI < 0.5)

7} Jebgon, Umx] FFoAE partial synergy &t
(0.5 < FICI < 0.75)E YETh (Table 4).
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Table 4. Results of the Combination of DMT and GEN against MRSA,

MIC (ug/me)
Strains Agent FICI Outcome
Alone Combination

DMT 2000 250

ATCC 33591 0.63 Partial S,
GEN 7.8 3.9
DMT 500 250

CCARM 3090 0.53 Partial S,
GEN 62.5 1.9
DMT 2000 1000

CCARM 3091 0.63 Partial S,
GEN 2000 62.5
DMT 1000 500

CCARM 3095 0.53 Partial S,
GEN 125 3.9
DMT 2000 500

CCARM 3102 0.53 Partial S,
GEN 500 15.6
DMT 2000 1000

DPS—-1 0.53 Partial S,
GEN 125 3.9
DMT 1000 250

DPS-2 0.5 Synergy
GEN 125 15.6

The combination test was investigated using the checkerboard method. The fractional inhibitory concentration indices (FICI) were interpreted
as follows: synergy € 0.5; partial synergy 0.5-0.75; additive effect 0.76—1.0; indifference 1.0—4.0; and antagonism ) 4.0

4. Time—kill curve assay
1) DMT2t GEN HEE0{0l| 2|8t ATCC 33591 #F 2| AT M

MRSA @30l DMT$} GEN9| A5aits gotE 7] 93| 9 wH-83te] ATCC 335910f 24A17Hg<t A 2|st A3, vk
time—kill curve assay® 435ttt EEFE ATCC 33591 4 NZF & HE MRSAS AFo] zrastr] AFE-ach
439 YA 242 DMT 1/2 MICS GEN 1/2 MICE o (Figure 1).

" ATCC 33591 —+—Control
DHT 1/2MIC
=GRl 1/ZNIC

<@ DT 1/2NIC+GEN 1/2NIC

Logio
CFU/ml

o 4 2 12 16 20 24
Time (h)

Figure 1. Time—kill curve of sub—inhibitory concentrations of GEN alone, DMT alone, and GEN and DMT in combination against ATCC
33591, The untreated sample was used as the control. The time—kill assay was performed three times and the data represent the mean
+ standard deviation; CFU, colony—forming units; MIC, minimum inhibitory concentration.

2) DMT2t GEN HEF0{0f 2|8t U4#Z (DPS—1, DPS—2)2| ME=M

AAr#F DPS—13} DPS—2 #3504 DMTS} GENQ] A% ANE dotE 7] Y3l time—kill curve assayS 5335t T},
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DPS—1v5= DMT 1/2 MIC¢+ GEN 1/2 MICE ©¢ 4 ¥
stof vof BAIZH S5 F ARl WS Ho|7] Agshe
FRYAE BT E DPS-22FE wely] Axeia

%
A
A

DPS-1
—— Conrol
DMT 12MIC
e GEN 12MIC
===@« DM 1/2MIC+GEN 12MIC

Logyo CFU/ml

o 4 8 12 16 20 24

Time (k)

o

51

B o A AAISEA 2447 o= controldt 7H 2 AFolE
Uebleh (Figure 2),

DPS-2

—#—Control

INT 1/2MIC
e GEN 1,/2MIC

cccmes IMT 1/ZNTC+GEN 1/2MIC

o 4 8 12 16

Time (b)

20 24

Figure 2. Time—kill curve of sub—inhibitory concentrations of GEN alone, DMT alone, and GEN and DMT in combination against DPS—1(left)
and DPS—2 (right). The time—kill assay was performed three times and the data represent the mean =+ standard deviation; CFU, colony—

forming units; MIC, minimum inhibitory concentration.

3) DMTQ} GEN EHE2E00f| 2|5t QIAt

St a3 (CCARM 3090, 3091, 3095, 3102)2| A4&t=M

JArFF CCARM 3090, 3091, 3095, 3102 w3ollA
DMT®} GENQ| A5ans dolR7] 93 time—kill curve
assayS $#38tth. CCARM 3095, 3102#3= DMT 1/2
MIC®} GEN 1/2 MICE & % H-83lo] wigslae o &

=+ Control

CCARM 3090
INT 1/2WIC
12 e GEN 1,/ZMIC
0 ce@e INT 1/ENICHGEN 1/EMIC
ER
o
= [
[T
Q
=y
2 )
o
1] 4 8 12 16 20 24
Time (h)
4 Control CCARM 3095
DMT 12MIC
e GEN 1/2MIC
12
++ @+ DMT 12MIC+GEN 1/2MIC
i‘ﬂ]
3] 8
=
Se 8
]
4
2
1]
) 4 8 12 16 20 24

Time (b)

O

Aol A== AL & ¢ AU EF CCARM 3090,
3091 dFol|l A= wjeFslr] AZBtHARY F RS AA|5
24A7toll = controld}t 71 £ 2}polE YeRWTH (Figure 3),

—#—Control

CCARM 3091

INT 1./ZMIC

1z e GEH 1/EMIC

cee®ec INT 1/EMIC+GEN 1/2MIC

Logyo CFU/ml

1] 4 8 12 16 20 24
Time (h)
¢ Control CCARM 3102
DMT 1.2MIC

= GEN 1/2MIC

=]

«+«4@«+ DMT 12MIC+GEN 1/2MIC

=

Logjo CFU/ml

=

]

o 4 8 12 16 20 24
Time (b)

Figure 3. Time—kKill curve of sub—inhibitory concentrations of GEN alone, DMT alone, and GEN and DMT in combination against CCARM
3090, 3091, 3095, and 3102. The time—«kill assay was performed three times and the data represent the mean * standard deviation;

CFU. colony—forming units; MIC, minimum inhibitory concentration.
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5. MRSA®] djgt DMT9] AlZe} 324 o] 3

DMT7} MRSA®Q] 9 £3}/dof ujA]= F3F 2elstr] f18,
oo 2 B ZZA¢ TX-100% DMTE @5 E= 38
Fol 97 2o FUL APakdT). 1 ZI} DUT BEe
OD 600 %k (1/32 MIC)¥} w|wsle] 1/32 MIC DMT 9
0.00001% TX-1009] &4 stolA @gHS] OD 600 g2
51.4 % AWt (Figure 4).

ATCC 33591
045
0.44
0.35
034
E
=
S 025
=3
=2 0.2
0154
0.14
0.05
0
TX-100 DMT TX-100 +DMT

Figure 4. The effect of membrane—permeabilizing agents on
susceptibility of MRSA (ATCC 33591) to DMT. Bacterial viability
was determined by absorbance at 600 nm after incubation for
24 h with DMT concentrations of 62.5 ug/md (1/32 MIC DMT), and
0.00001% Triton X—100, or their combinations (DMT + TX—100).
The data are presented as the mean £ S.D. of three independent
experiments. *P ( 0.001 compared with DMT alone. CON,
untreated control MRSA.

6. MRSA®] digt DMT9] o] z] thA}ole] Fgk

ATPase AAAE AMEst] MRSAZFNA oA diAbe]
FFE FEA (DCCD)E olgste Agsict. 1 ZAx
Figure 5014 23, MRSAE @522 DMT (1/16 MIC) B+
125 ug/m¢ DCCDY] & slo| A A& 715 sttt L=
DMT¢} DCCD& W& %9 39S W= o Aol JAEH
61%2 HEE a7t Yebgth (Figure 5).

ATCC 33591
0.4
0.35
0.3
= 0254
E
g o024
=
S 0154
0.1
005
1]
DCCD DMT DCCD+DMT

Figure 5. The effect of ATPase inhibitors on susceptibility of MRSA
(ATCC 33591) to DMT. Bacterial viability was determined by
absorbance at 600 nm after incubation for 24 h with DMT
concentrations of 125 ug/md (1/16 MIC DMT), 125 ug DCCD or
their combinations (DMT + DCCD). The data are presented as
the mean + S.D. of three independent experiments. *P ¢ 0.01
compared with DMT alone. CON, untreated control MRSA.
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oW A7 AFAOR ALGINE THIot AP Thpat 7 A

7]
= 7HZ Y= S 235to] AHgEiR WAl s W A
AYEE 7L L AFH o g Habgo] Hom Es| ghe
A HAE 4 W) A B2 "3‘“4%“375]‘ °] 3
HAY 7]&o] g3 " AR 5 $e 552 A
HuE3 9lo] A7tz wijf 2 Ade s -ﬂ7]- l‘ﬂ;- Ql
o} 12

b B APoME AEA o ARRsl] 2 W F ht
3 HFETE S FEE DMD)Z ©]83te MRSA tf
sto] gt ARE AASHL, YA FE AFEEIL e
antibiotics¢! Oxacillin (OX), Ampicillin (AM), Gentamicin
(GEN)2te] W84 2§ 53 DMTe A FA Y Asats
ot FAAAFIAY AHEFE Eo WS 35 T 5 Ue
7Fedel e 2AE ZA sh4Th

FETGEL Aol Td, o3Fto] JoHA FFHot
WArgo] sHso] H7] upZ Aol 7bg wo| & Aol Y
DMT F4%AE 5 He, Bd9, =% 5o Z23H U=
&l A MRSAo| EEAA g+t - FAZE 5 FejzHgol
BaE He gouh T 74 A DMT 3t e
I FEAdade] BE At oFA7IA| B vt gloh mhatbA,
g3 og 7kR] FA7F ke AHE DMTE MRSA9
943 5"‘_"”5]'%0] AE Ao Hsta DMTE o|&3te] A

ﬁ%LOﬂ/ﬂL DMTY MRSAC] tjst g+ &4
—:‘%011 i3t F7HS AX AT DMTO d3t 34 S-S
A7) s MICE AAIgH 43k, MRSA 9 MSSA #59
3}o] 200 ~ 2000 ug/me] = A - o] ok A
gelstgrt (Table 3). E3l, DMTE 1AsH= S MICE
ZA5to] oW ofAjo] ) FF A o] YEttE=AE Fele
A3}, g A MRSAC] tigh gt E4o] 93-S Felststt.
3 258 9 AR emodin®] MRSAS] thgt 7241}
FAAG AR ZH7F Lol @A ol DMTIL
MRSA®] tigt &+ 4L et digte] & I8 o
o= AL A% 4 ATt (Table 2). E3F, DMTY 7]1&
FAA et Aoais B YA WY FE fFaRIAE
gelstgth, DMTSF GENS| Arsants g¢lgt A, 8719
o] A partial synergy ¥ synergy A7l U<
I3} (Table 4). =3, A ANE Hole F FEXTS
o]&-3) Time—kill assayg AAIS 23, 87 FFo tfsiA
DMT®} GENS @502 ARG5S o} v|wste] & FES
o] B8 Alof| A7ko] el wha} o] o] JA == AL
glstet (Figure 1-3), ol DMT AHA| 9 3t E/d#gh
ofUel, JAAY AHEHES EUo2ZN WAL I shedl
TS E S UYL E 9t

DMT7} o8] 4-3<] sHAyA e}t o] 83t ue o AzuS
Eatdat o 2] thatel] S F=A ottt WA, whE|
glote] ANzt Eabdo] JFE FE A TX-1007
DMTe| HEans <l A1}, MRSAQ Aol JA|=A|
q= %EPJ TX—-1003 DMTE #Zo| H&Alo w2 Ao
A== AL 5t (Figure 4). ©]o] DMTE} AlE9r
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Eao] 9L FE= FEY HE A AsaTE EY 5 dtke
A& & 4 Ak E3E el ofo] ATPase inhibitor2 24§
st= DCCDe DMTS W¥-&amE SIg 21, & FES o
SA 7 BFo] JAEE AL FASAT (Figure 5). o=
DMT7} ATPase inhibitor 9&& 3= FEHE 2 AJY
A& EY 5 e AL Yu|git,

o A9 Aol A DMTS} Bl &Eo] 1 24FANES] I+
S AEstat. 1 A3t digol A vt FEAdol vrersiT
olZ|gt A& F3 DMTY T2 ol 93 dd=
o FAg 4 ok, 2y dighe) He 1 Agu)rt kst
st B71E A = Slo] ALE Aldle Fo7 B
sioh, 3 TR tig, Be, =91, W29 749 DMTS
o]-§3t A= WA Azl of XAt Hl7F Aot sH3lt

9 AHFER Kol DMTol= MRSAS S AT = 3=
FAEITE PSS FRISHAL, EF 7| FAAet B85t
o oE ASaT|e} ATt E #9 AEIA AES
FJHaats ERIFOEXN JAA FRER F YR F
ZW7F Q2 1T 4= Aslen, o volrt Nlaz g2
71E FAA L BE A T 5 e TEEH E £
Aoz ArdEd

KN
=
&ls

]
<r

o o Mz ofn 32
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1. DMTS} 1 74 okAjel o3, B i, Eol,
Z2] MRSA 2 23
DMTO| A7t 2840 ZHEYTL o7 koA

MIC7} 5,000 ol/do.2 a8 do] YehtA] g3t
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