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Synergic Antimicrobial Activity of Scutellariae Radix, Coptidis Rhizoma
and Salicylic Acid Combination against
Escherichia coli and Pseudomonas aeruginosa
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Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Listeria. monocytogenes and Bacillus cereus
are pathogenic bacteria that should not be detected in cosmetics and foodstuffs. Therefore, we first investigated the
antimicrobial activities of extracts of Scutellariae Radix(SR), Coptidis Rhizoma (CR) and salicylic acid(SA) in these
pathogenic microorganisms. Although SA has been known to exhibit anti-inflammation and antimicrobial activity against
pathogenic microorganisms, a high concentration of SA may cause serious side effects such as skin redness, skin
burning, peeling or tissue damage. Hence, we focused on diminishing side effects followed by treatment of a high
concentration of SA and investigated whether the combinations of SA with various concentrations(25-400 mg/mL), SR
and CR with a concentration(100 mg/mL) which did not show antimicrobial activity against £. coli and P. aeruginosa
exhibited meaningful antimicrobial effect against both strains. In our results, the combinations of SA with the lowest
concentration(25 mg/mL), SR(100 mg/mL) and CR(100 mg/mL) exhibited significant antimicrobial activity against E.coli
in comparison to SA alone(25 mg/mL) showing no antimicrobial activity. Moreover, the combinations of SA (100
mg/mL), SR and CR showed seven times higher antimicrobial activity against £. co/i than SA alone(100 mg/mL) and
exhibited a significant antimicrobial activity in comparison to ampicilin (p<0.05). The combinations of SA(100 mg/mL),
SR and CR showed two times higher antimicrobial activity against P. aeruginosa than SA alone. Therefore, these
results indicated that the combinations of SR, CR and SA with low concentration expressed the synergistic
antimicrobial effect against £. coli and P. aeruginosa and showed great potential as an antimicrobial agent.
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1) AloF

Ampicillin, gentamicin 418, oxacillin, salicylic acid al
dimethyl sulfoxide &2 Sigma-AldrichAKLouis, MO, USA)Z 5
Bl TSI TE Mueller Hinton Broth (MHB), Nutrient agar
(NA), Tryptic soy agar (TSA), Lactose broth (LB) ¥ Brain
Heart Infusion (BHI) & BHAl= Difco-BBLA}(Lawrence, KS,
USA)ZRE] 71511
2) #F 2 {A

E coli (ATCC 8739), P. aeruginosa (ATCC 9027) %
aureus (ATCC 6538) & L. monocytogenes (ATCC 19115) &
ATCCAKManassas, VA, USA)ZFE F35131 2™, B. cereus
(JBE00OS6, isolate)= (ANHFHELMAT LS, Heh= )&
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oF 1~3 mm 5 & A5t EW
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ST} E coli?t B cereus®) vk
aeruginasa®} S. aureus 12|11l L monacytogen:
TSA, BHI HIXIE ARESIGTE 2 Alds 2~3 2h10*°
CFU/mL)g o] IEsIint. FEa=3 4uld oey 7]
SEHE DMSOo EdllAlA Etet paper disc(2E 7 mm)o]
10 N AAGCE

gentamicin 418 5 mg/mL) %
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YA E  ampicillin(® mg/mL),
oxacillin(100 mg/mL)E A5

Ch. DMSO7}F &ds] A& ths BIjAlol A1Ysie] 35CE
FAIGIA 20-24A1%F &, paper disk O] YA 0] FHT)
(clear zone)E HFol e E S ZEAIGIALE
3) MM EsTEMIC) 58

MIC(minimum inhibitory concentration) 582 4719} &
o] 1Y agar #iX|olA] Zt MTES vigS & 0.5 McFarland
standardoll &3} 5709 Fek10® CFU/mL)2 ¥ MHB HiA]

ol 34Tl BE B F 35CoIA 23417 SO KRB 2
Aol AISE B3 B FEE Y Le1ULE 80 mg/mL
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Fig. 13} 20] E colol thsh
ampicillin® S A 2717} 6.1£0.5 mm=E LIERL}
g2 2o v, g5 FEE
20 mm OJ|glE
monocytogenesdl WIS &

SRR A7])= 242 3.1+0.3 mm_\/} 49403 mmZ LIERG
oU AIEE BF 229 BE S0l FREYol s

L S aureus®] B g FEZ 400 mg/mLY] STolAT 4

SAAE 3.6£02 mmE LIER} 35 S4A| gentamicin 4189
AWERA (46403 mm) HC} SOAw tado] £t &

5| B cereus®) 3% ~EE 200 mg/mL STollAlE YA
Ahe =717} 3.0+04 mm=z UERICOH, 2 ZFEE 400
ot W“ *”%KMWHA EL7]7} 4.0+0.4 mm l/}E]-l/}

3L
g=

ureus, L nmcxyz‘wes@} B. cereus -T—Foﬂ A=
Bt &, S aureus®] HF 200 mg/mL]
HEAAY I7= 46204 mmlE TS
gentarmcm 418(4.6+0.3 mm)2} FAISIR AL, 400 mg/mLe] &
29 YSAAY 7= 6.0£03 mmOE gentamicin 4180]]

)

H]()H ot QEL/E‘}O] FAGHA =UTHp<0.05). L. monocytogenes®)
A2 &8 FEE 200 mg/mL¥} 400 mg/mLe] YSAA =
715 Z¥7F 31402 mm$} 44403 mmE UER} TESMIAQ]

oxacillin(4.9+0.3 mm)Er} Sut 40| UT) B caeusl] 8
200 mg/mL./] g ZEEQ MESXAY F7]= 3.01+20.3 mm
OF #F TYAQI gentamicin 418(4.1£0.3 mm) 2Tt Tt 2
O] HAUAH, 400 mg/mLY] & FEEI] WAA A7&
5.0+0.3 mmOF gentamicin 4180] HI&| St o] 7961

E=THp<0.05).

ZEF - olBk - HEY - ZHY
2. Aejdide] g e
2 AdTe skl We arjalte gt §ﬂ‘3 QO LA}

E CO]I, P. aeruginosa, S. aureus, L. monocytogenes %! B. cereus 'S
ES HUOE AP0 BEE 25400 mg/mLOE Z &5}

oq tAd SRPHOE ASIGINTt. 21 23 Table 19} 0] 50

mg/mL &% 01519 UE|UAM2 E coli P. aeruginosa, S. aureus
2 L monocytogenesol| Al SEhE 0] AQ] IRAIEL, B careusol]

A ASHAY 27171 B 3.0 mmE H2E =2 g 24

2 BoFACE AEld4E 100 mg/mL SEolAE P aeruginasa
B cereusoll THSF WSAANG A717F 242+ Fit 2.5 mme}
41 mmZE UERL 015 tofl thetk AT]1AR1e] SHtedo] £ col
S. aureus W L monocytogeneol] Hlol AIECE =55 & 4
A4F 200 mg/mL ST o]olAE HE Aol o
MESAAY A717} 2.8-58 mmE LIERL} St &40] 55
AEE b:;ﬂ 1/]_]:/].\/1-0 e23 A O]O—?]ﬂ_

200 mg 400 mg 200 mg 400 mg

DMSO

DMSO

G418

2

[ 200 mg /mL SR
Il 400 mg/ mL SR

ol

8. aurens L. monocytogenes  B. cereus

Eois
=1

ol
o

G418

&
=1
N
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o
=}
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Diameter of inhibition zone (mm)

B
=3
1

-

E. coli

10
P. aeruginosa
Fig. 1. Inhibition zone(mm) of Scutellariae Radix extract(SR) against
five strains of pathogenic microorganisms. SR extracts(200 and 400
mg/mL), ampicillin(Am, 5 mg/mL), gentamicin 418(G418, 5 mg/mL) and
oxacilin(OX, 100 mg/mL) were prepared in DMSO. Sterile paper discs were placed
in the agar plate and 10uL of each concentration was transported onto each
disc. These plates were incubated at 37°C for 20-24 hours, following which the
inhibition zones were measured. Values are shown as mean + SD of three
independent experiments.
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g2 220 4o
4.09 mg/mLQ]— 3.52 mg/mL S TollA] H]_u_Xq =2 2
UERACLE, 8 mg/mL 01419 Iskolies Al
@} P aeruginosa©l thel ofsh ehtetd & Hirt g+
S. aureusol] A= 051 mg/mLo_l_Oﬂ/\ﬂ =5t OLE%OE
VERHRAOLY E coli P. aeruginasa % L. monocytogenesd THEHA]
8 mg/mL 0|9 sk E et a3t fIUrt Aelditg
BF A o5 oA a2t 8 FE2E STHEUE OF 2~41)

S5(051-4.09 mg/mL)ollA] gy LIERITE olgieh
AiE, tlad SRBEE 0183 S=(Fig. 1) 2 =&E(Fig.
2) 212 Ael4d4KTable 1)9 E coli @ P. aeruginasa©l Tt &

LIS
=i

)

T2y ol LETE(@0mg/mL)e &2 W g FEE0]
E. coli @} P. aeruginool] thot St S3HE LIERAA] 22401 A
AL 49 25 W g REE sTHECE oF 4 U2 sk
A1(100mg/mL)olIA] o1& ol that gtdol vieht Z2ueExn
HIEE ded e Hele & 4 Qurh

200 mg 400 mg 200 mg 400 mg

DMSO Am

® ]

DMSO G418

@ ®

S. aureus

70

[ 200 mg /mL CR
Il 400 mg/ mL CR
60 3

50 G418 L
A B 6%
404
G418
3.0
20

E. coli P. aernginosa

Diameter of inhibition zone (mm)

S. aureus L. monocytogenes  B. cereus

Fig. 2. Inhibition zone(mm) of Coptidis Rhizoma extract(CR) against
five strains of pathogenic microorganisms. CR extracts(200 and 400
mg/mL), ampicilin(Am, 5 mg/mL), gentamicin 418(G418, 5 mg/mL) and
oxacilin(OX, 100 mg/mL) were prepared in DMSO. Sterile paper discs were placed
in the agar plate and 10ul of each concentration was transported onto each disc.
These plates were incubated at 37°C for 20-24 hours, following which the inhibition
zones were measured. Values are shown as mean = SD of three independent
experiments. @p<0.05 versus G418 group. $p<0.05 versus OX group.
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S E i P aemgmasa o Yo ag 2 23 F&
AT of7o] el sko wE
St A58 E YolE AL st HA =
Z3 5501 400 mg/mLollA E coli @ P, aeruginosa
Al

ol
717} 2.0 mm OJ5IE tEdol AATHFig.
(o5}
BA
}\

OfF e
ok 0 o
o

= 100 mg/mL s&9 =1 8H F£&
4 O{ .4 200 mg/mL sE & HY3 th=

TARE B3 ) g5EdE

mg/mLE 2F OLL “Bl ﬁu HA It g8 sEE
71 918l 25-200 mg/mL&

JlElad Z¥zio) ol?r&%% ZEAbIom,

ampicillin(5 mg/mL), gentamicin 418(5 mg/mL) 12]1 424
4H400 mg/mL)E ©=C &2 ANEIet £ gEd ST E vl

[o]555)

Table 1. Dose-dependant antimicrobial activity of salicylic acid(SA)
against five strains of pathogenic microorganisms
Mean inhibition zone(mm) of SA(mg/mL)

Strain 2 50 100 200 400

E coli - + 15 2.8 5.3

P. aeruginosa - + 25 32 38
S. aureus - - 15 23 2.8

L. monocytogenes - + 15 33 45
B. cereus + 30 4.1 53 5.8

© no antimicrobial activity, +: slight antimicrobial activity

Table 2. Antimicrobial activity(MIC) of SR, CR and SA against five
strains of pathogenic microorganisms

Extracts* Minimum inhibition concentration(mg/mL)
Strains SR CR SA
E coli >8.00 >8.00 2.04
P. aeruginosa >8.00 >8.00 4.09
S. aureus 4.09 051 204
L. monocytogenes 6.18 >8.00 3.15
B. cereus 3.52 2.05 0.51

* SR: Scutellariae radix, CR: Coptidis Rhizoma, SA: salicylic acid

1AW E cifg IEOE B3 FEE(100 mg/mL)T} e
FEE (100 mg/mL)= SAloll Azl x2S 4% &y
o] IAITHL1 mm o5} AP|dAE STEHE Aelst 23 &
OloHAl Sra it &&= AcHFig. 3). &, 4el44E 25 mg/mL
3} 50 mg/mLe BEAAN = 242 45402 mmS} 5.0+0.lmm
T AT]dAE AElolA k2 ge3 g e Alelo AT HEDE
gaggol Fos 244k 50 mg/mL¥} 100
mg/mL A2l YSAA 7 10.020.3 mme} 10.840.6 mm=zE
ampicillin A2]7(6.0£0.2 mm)I} A4 SHEAE]T(5.40.2
mm) HotE {5 gagdo] JSE AT (p<0.05). E35] &
23 e TI2) A AEAAK200 mg/mL) ANelre o Al

=orom, k)44

TEAA— /KE =

APElT RESHAZE AREE ampicillinoll H]oA] B5X X
thol A717} ©F 50% 014 E7tEo] etEido] etdol 45
AT

WS} P aeruginasa S IO A8ISH Ay} 223} 24
Z&E20] H7bE 2144} 50 mg/mLEE Ol5kIA]



g ol thol 4& ZHEo] |Id v, d=3) g FE= AT} ESH 400 mg/mL STolA FH FE=9] 4P E
o 42]44H00 mg/mL & 200 mg/mLe AZlT olAle & P. aeruginasao\ AlE St G SUSA ST S aureus, & B.
8] et E40] =UTHp<0.05). E35] 42144 200 mg/mL A caeul| A TFE FEAETY 46 s HAed, o] 4
2l (5.2:03 mm)oilAlE AE]44H400 mg/mL) ©HE Al I T2 ATl HUE e RAES & 4= AR,
(3.7£0.2 mm)ol] BlA] BSKAHS] 7171 oF 30% = SV 2 AT g5 Y 86 FEES gt gk vl 893 & 89
of wosk gdddgol =oMe ®E ORZH(p<0.05) 9 AIBETRL} =2 A2 A8 AFAY) EE ZEE8uo)
gentamicin 4189] Ml HOE St gyt L4611 tH(Fig. 3). uzl e 4 71 W0l AR E T

E. coli

oF
T oot 8B E 2 AF A= E o P aerugincsa, S. aureus
2l L manocytogenesol| A1 100 mg/mL 0]419] AE]44AE ST ofA]

3.0

g
120 20 S IV URAT, B careusd) B I STolM T BHrE
™ e Hol Y8 ¢ 4 UL
£ s0- = a0 g FEES S aweusd| A= 051 mg/mLS oA
g o £ S4% HFRES VEMIROU E cal P aeruginasa ¥ L
= - . monacytogenesd) THEIA] 8 mg/mL 01439 =LA L S &
% o 5 o . rw D7 gk ek A9 | #Eo el B2 g &
g s 8 s E2 ST R0} OF 2~48] 22 55(0514.09 mg/mL)olA St
—L

42 LIERITL olgis 2k, tlad SRl E olget &=
(Fig. 1)} 88 FZE(Fig. 2) 28] 42|44 Table 1) E. coli

2.04

104 104
Am 0 25 50 100 200 SA G418 0 25 SO 100 200 SA
—————— alone —————— alone

SA (mg/mL) S& (mg/mL) 9]— P aerugzhcsaoﬂ DH@ 6&&%@ ‘é‘goﬂkl E%E(‘loomg/mm
Fig. 3. Synergic antimicrobial activity (clear zone: mm) of ol g5 W ¥ REE0| E i @ P, aeruginosdl] Uish St &
Scytellanae R.adl.x(SR), .Coptldls .Rhlzoma(CR). and Salicylic T2 VERNA QT AN A 812 1l 3l AEE =
Acid(SA) combination against £. coli and P. aeruginosa. SR, CR, SA, o - _
ampicilin(5 mg/mL) and gentamicin 418(5 mg/mL) were prepared in DMSO. EHTE of 48 w2 SEolA (100mg/mL)oll Al O] F wtell thoh
Sterile paper discs were placed in the agar plate and 10ul of each concentration ShtAo] UER ZTST H|<s A3 S HoS oF 2= Itk
was transported onto each disc. These plates were incubated at 37°C for 20-24 e i = <

A

hours, following which the inhibition zones were measured. 1: SR+ CR+SA(5 A2MAS] AT Aol WEH AR AEY ©
mg/mL), 2 SR+CR+SA(BO mg/mbL), 3 SR-+CR+SA(100 mg/mL), 4 2 O] TSl A TEA] Tolsle Cloks)
SR+ CR+SA(200 mg/mL), SR: 100 mg/mL, CR: 100 mg/mL, 0t SR+ CR only, SA A BRo] ThEoliE AldSd Beiohs thl
9] 1 4

doll Jare

alone(400 mg/mL), A(Am): ampicilin and G(G418): gentamicin418. Values are 4 Fol HAAFE9 s 18] ME|sHE
0 e el MOS0 s s SEReRM BANE Uoeks G 4
M E coP] ER3HEAY QA F shuiel HEE|oK(fimbriae)=

1 =} E. coli 7} SsFMZ9] Halo] Bkl Q3% Jgs skt

4] e FHE]o} g S ARSI B cdif] HEES AXGHA

FZ AZEo AIEEE ORISR SAES H|ES QA A4 AT} Bt S aureusoll TS vancomycin® S5 4]

ol ARgdleE T, ortiE et S 2= 52 Ald A4 FE7Y Al 84 SIS edA QUET olAe A4t
9 orgE ® R {382 4o =Y, T RAS B g of nl = A|ZHto] B LA} (membrane potential) & S7HAIA
2718 sug = rks wEo] n. IHEE Qo] BAkg MZEWE AL ZE ool Rls SolshA sl ulFolrt.
ol &gk 4 Qe SekE HIES A E 7l S Vs 2 AToAME Aol ATkl E coli®t P aeruginosa A 22
VERNE gt 9l 7idlo] € Qs vl 2 7= S g8 e WE g3 28 2229 #e SolelA dletll 520 9o
oEtE SmE &8dle] FESH &, E i P aeuginosa, S. g SO RN olg oFd it gt &89 45 AEES 7HA
aureus, L. monocytogenes 2! B. cereus 'S 559 DIMEES S 2 ACE 47t "rt. Eok dldites Aa7iA dadaibt A
E 7} 2529 sTHEE tlad e S sAAY 2 = ASE 47l stekllg HIES AHAEZE T} SAlol AEE
71& &-6IAtt AL gt gt GE5E ASE AlRELE HEo] ATl
g= ZEE400 mg/mL)S] E coli, P. aeruginosa , S. aureus D RZZC HA, EE 7HY B D2 X E 9 el &k

2l L monocytogenesol] Wit St adhe HUAY, B cereusol I JYAB), 21go) Ay witol LsEE AIES 4% 31
et ke BF A9 g Aot glegg o & Z oLt 4130 ALEEE oEd MEA Aol dlzlgd 4= ol
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