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Effects of In Vitro Synergism of Eunkyo-san and Rufloxacin against
9 Strains of Aerobic Gram(+) Bacteria

Ho Pill Shin, Kwi Ok Jeon*, Mee Yeon Park, Dae Jun Kim, Hae Yun Choi, Jong Dae Kim

Division of Respiratory System, College of Oriental Medicine, Daegu Haany University, Korea

In order to evaluate the in vitro synergic effect of Eunkyo-san, with quinolone antibiotics, rufloxacin (RUFX), the
minimal inhibitory concentration (MIC), MIC50 and MIC90 of single use of quinolones and concomitant treatment with
Eunkyo-san against 9 strains of aerobic gram positive bacteria. The obtained results were as follows : In the case
of aerobic gram positive bacteria, the MIC, MIC50 and MIC90 against Staphylococcus aureus, Staphylococcus aureus
smith, Staphylococcus epidermidis, Staphylococcus pyogens, Streptococcus pneumoniae Type |, Type H and Type il
was significantly decreased in concomitant treated groups with Eunkyo-san compared to those of single treated
groups of RUFX, respectively. However, no significant changes were demonstrated against Bacillus subtilis and
Enterococcus faecalis. In conclusion, the in vitro antibacterial activity of RUFX were increased against some strains
of aerobic gram positive strains, especially, pneumococcus such as Staphylococcus and Streptococcus by

concomitant use of Eunkyo-san.
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Table 1. The Amount and Composition of Eunkyo-san

BNE EEE g )
2R Lonicerae Flos 40
E # Forsythiae Frucus 40
TitE Platycoar Radix 24
- Menthae Herba 24
LET Arcti Fructus 24
REH Sojae Semen preparatum 20
EHE Glyeyrrhiza Radix 20
AYES L ophathen Herba 16
FITR Nepelae Spica 16
Total 224

2) AEAF

AdFe 48 LAY Bd 259 =
oF & 7SI ARSSIEE 8 A& AlgE dFe &7
TIRQEM H Z (aerobic gram-positive) 952 AMREII oM, FFE
= 7Y # oIEc thE AFY 7 Ao, 48 S AAISIHTE

Table 2. Aerobic Gram(+) Bacterial Strains

Aerohic Gram(+) Bacte r1a

S. aureus FDA 209P
S. aureus Smith

S. epidermidis ATCC 12228
S. pyogenes ID S5-23
E. faecalls IFO 12580
S. pneumoniae Type |
S. pneumoniae Type i
S. pneumoniae Type |
B. subtihs ATCC 6633

2. W
1) AETY 78
AR E rufloxacin(Merk, Darmstadt, Germany)g€ AR

SiSom, ASES v AMEldh FRUFX) I 244 X2 &
BEFw S22 7 50, 100/t L2 Aelet AYEA(RTL,
RT2)%] 3202 TREElH d8g 4N L, 15E Eda v}
23} ZtHTable 3).

Table 3. Experimental Grouping Used in This Study
Group 1D

Types of Used Quinolone Dosage of Herbal-Drug”

RUFX Rufloxacin None
RT1 Rufloxacin 50ug/ mt
RT2 Rufloxacin 100ug / ml

1) Eunkyo-san extracts were used In tris study.

2) SHIH SN

oo o=
SHBDELY(QE Sstaucts E2Y B UR 59l
(@]

Hag d718d SEY HEAIE)A et RUFXZ 100ug/
meoll A 2E] 0.0034g/me7kA] 2004 34510 AHESI SH (16t
A), Sl FEE HriaolilE HEHEES 100ug/ moATFE]
0.003g/ me7HA] 2044 S1ASH & 237} 50, 100ug/ meS} $REH 5
EE< FrkIdtt

bl 18 2EH224g)2 Fol] HAlS 2000w E 7HE
FET & EQ det M E rotary vacuum evaporator
(N-N type; LAB Camp, Dajeon, Korea)Z2 ¢} - m&3dl] HZ
HY FEEE 92 S programmable freeze dryer
(PVTFD10A; Ilshin Lab., Seoul, Korea)& A}23l] 572 XA
A 1L 350g (28 156%)0] S22 olo] Adlol AHBFIACY.
4 MIC &3

SHAB TS| Y S ALBSITE &, 57149 #F #F= 37
TollA] 18417 A wiHMHB == BHIA, Difco, Detroit, USA)5}
<] UV-spectro-photometerE O] &3] optical density(OD;
550nm) %S ZHEIL 10° cells/mO TS 100ug/ Mol A FRE]
0.006ug/ m¢7HA] 2004 S|4 oFF M 4ol g4 Mt
agar microplated]] 5404 BFFI{CE & ALEAH =T MIC)
THE 2 OD atg EFsiol BAR cxdtoll vig] 24 FAfek
=558 MICE 23319128, OD #g 712 0% eSox
=T (MIC90)S} 50%8HR017] 5 E (MICS0)S 7SIt

5) EAXL]

MICE 589] HH2d8S S5 B + EFEHANmean + S,
D)E ZAISKNCH, S#i FE28 NS v $El FEE
S MUK &2 HAETE BUIS] {15k, vIE 7 (RUFXT)
I} B 18ld, Mann-Whitney Wilcoxon's test® /o4& AEGH
20, p valueZt 005015+ m g & SIACt MICS0}
MIC902 Probit WHOZ AHLISIH O, EAXEE SPSS for
Windows (Release 6.1.2, SPSS Inc., USA)E AMZEISiCE

=
=

2 3%

L HRE ZTRHBEREC tigh MIC
1) Staphylocccus aureus FDA 209Pof thgt MIC
Staphylocccus aureus (S. aureus) FDA 209Pof thgl MIC=
RUFXZOIAE 0430 + 0214pg/mlZ BEE6] RUFX:= S
nureus FDA 209P o] thell StE S UElE AT 82
e 8FH RT1x RT27OlA T ZH2E 0.141 + 0.0783F 0.068 +
D.041pg/ e E BEEI O] RUFXTO) BIglH 29d Je(p<t.05 ®
= p<0.01) 74471 QIAEIATE MICS02 RUFXFoA{E 068 +
D.20pg/m 2 BEEIR Om RTIM RT27Z01A1E 2h2t 0.23 + 0.13
I 011 £ 0.06pg/meE BEF0] RURXTOl HIGIH #old Us
[p<0.05 = p<0.01) 247} QIEEUCE MICI0S RUFXZOlA]
= 122 £ 027ug/meE BEFAOM RTIM RT2ZIME 242t
D.45 = 0.279} 0.23 + 0.13ug/ mé(p<0.01)Z TaE|o] RUFXZ ] H]
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glod /94 UE(p<0.05 & p<0.01) 247} AIEE T (Fig. 1)
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Fig. 1. MIC, MIC50 and MICS0 against S. aureus FDA 209P of
RUFX and their concomitant treatment with Eunkyo-san (Mean +
S. D., zg/mf). Group ID was listed in Table 3 * pd005 compared to that of
RUFX. ™ p¢001 compared to that of RUFX

2) Staphylocccus aureus smithol] thgt MIC

Staphylocccus aureus smith (S. aureus smith)oll thdt MIC
£ RUFXZFolAl= 0.781 + 0478ug/ml2 #HEIEo] RUFXE S,
aureus smith 770 el BHHE Ve = ASE FEHSIY
T} 848 RT13} RT2:720(A = 242 0.176 + 01277} 0.064 + 0.033
pg/meE BEE0] RURXTOl HIgld R4 E(p<0.01) L4
7} QIZ=E UL MICS02 RUFXZOIAIE 266 + 1.02ug/mE &
O RT1F RT2F0IA S Z+2F 027 + 0.1337) 0.10 + 0.05
pg/ = BEE O] RUFXTO B3k Fo4 A=(p<0.01) 24
7} QIEEIQCE. MIC902 RUBXZONAIE 4.84 + 2.40ug/meE T
FAEOm RT1H RT2ZGIAE 242} 0.56 + 0.229F 020 + 0.08
vg/ mE FEEO] RUFXTON Hiskd o4 =(p<0.01) 247t
QIEEACE (Fig. 2)

DRFX
‘WA
OAR

N Woer OO0 N

1- o **
o *h A
0 [j-h— - R

MC MCD MCD

Fig. 2. MIC, MIC50 and MIC90 against S. aureus smith of RUFX
and their concomitant treatment with Eunkyo-san (Mean + S. D,
wg/me). Group 1D was listed m Table 3 = p<G01 compared to that of RUFX

3) Staphylocccus epidermidis ATCC 122280] ti&F MIC
Staphylocccus epidermidis (S. epidermidis) ATCC 122280
thdh MICE RUFXZolAE 0859 + 0.428ug/mE BEHS]
RUFXE S. epidermidis ATCC 12228 FZol thsh ShFad S L)
BRE A E FHEERICE 8k RT1H} RT2TolA= 242} 0273
+ 0.2881} 0.215 + 0.107pg/ M2 TEE O] RUEXT| HIGl &
94 UYE(p<0.05 EE p<0.01) 247} QIFEYCE MIC502
RUFXZo| A1 2.05 + 0.70ug/mZE DES] 21 RT13} RT270)

AlE Z¥ZF 0.048 + 0499 031 + 02648/ MlE BaFT)o] RUFXZ
o] Bl5kd 7Y JAe(p<0.05 I p<0.01) 247t JFHFRCE
MIC902 RUEXZOIAE 4.06 £ 1448/ miT AT O03 RT1
I RT2F0IATE 232 097 + 1.033) 0.61 = 0.47ug/ md 2 TEF] O]

RUEXZol HI3l] B4 Qli=(p<0.01) 247} QIFEIQACY (Fig. 3)
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Fig. 3. MIC, MIC50 and MIC90 against S. epidermidis ATCC
12228 of RUFX and their concomitant treatment with Eunkyo-san
(Mean + S. D., ue/m). Group ID was listed in Table 3. * p(0.05 compared to
that of RUFX. ™ p<0.01 compared to that of RUFX

4) Streptococcus pyogens IID S-230f thgt MIC

Streptococcus pyogens (S. pyogens) IID S-23¢f thgt MIC=
RUEXTOll A= 27500 + 13.693pg/ M2 BETo] RUFXS v
A 2 ghtE g UEhie ASE BERA). ¢kl RT13} RT2
oAl 242} 10.000 + 342334 7.500 + 4.793ug/ 2 THET O
RUEXZOl Higld RAE UAs(p<0.05) ZH4rl QAHEAC.
MIC502-9} RUFXZOIA1 = 61.82 + 31.83ug/ml S BETEAOW
RT13} RT2300AE 242t 21,07 + 8599 15.16 + 9.81ug/meE B
5o} RUFXZo] Blola] |94 Ue(p<0.05 E& p<0.01) 24
7} Q1B T MICI0S RUFXTZOIA] = 111.66 + 621648/ miE
BEHACH RT1 RT2FNM T ZH2) 3854 + 16,042} 2639 +
14.30pg/me = BEEO] RUFXZO HIKY F94 UE(p<0.05
L= p<0.01) ZATt AFEACL.(Fig. 4)
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Fig. 4. MIC, MIC50 and MIC90 against S. pyogens IID S-23 of
RUFX and their concomitant treatment with Eunkyo-san (Mean +
S. D., ug/mf) Group ID was listed in Table 3. * p¢0.05 compared to that of RUFX.
* {001 compared to that of RUFX

5) Enterococcus faecalis IFO 1258001 thgt MIC
Enterococcus faecalis (E. faecalis) IFO 1258001 tHgt MIC=
RUEXZZo A1 E 42500 + 34.911ug/meE BET]o] RUFXY) thsh
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S} Rufloxacin Ol 5714 Gram(+) #igtkol S ASER HE0l PIXlE S

Zede JETA @Urh ¢ RTIH RT2FAM T 22
55.000 + 41.079%} 52,500 + 43.661ug/méE WET o) RUFXT
H 02 0|7} Q1AL A Qo). MICS0S RUFXZO)A = 76.70
+ 37.89ug/ M2 TEEQOm RT1T RT2TF0IA = 212t 8612 +
56.119} 89.87 + 77.81ug/mE HET o) RUFXTAl vlgkd &7t
HASU FAME AFEA @ttt MICIZ RUFXTOlAl=
157.89 + 66.30pg/mZ BWET S0} RT1Y RT2TolAM e 22}
130.51 + 57.59%} 132.12 + 88.71ug/mE WEE| o] RUFXZO) H]
Sl Thd ZAFERlU 942 EHEA it (Fig. 5)
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Fig. 5. MIC, MIC50 and MIC90 against E. faecalis IFO 12580 of
RUFX and their concomitant treatment with Eunkyo-san (Mean +
S. D., ug/mf). Group ID was fisted in Table 3

6) Streptococcus pneumoniae Type Iof tHgl MIC
Streptococcus pneumoniae (S. pneumoniae) Type Iof] thgl
MICE RUFXZO| A= 3438 + 1.711ug/ M2 HEE o] RUFXS
oA 32 gFE g LERNRIOL 818 RT3 RT2T oA &
Z¥Z} 0.742 + 05249} 0309 + 0292ug/ WE BEF o] RUEXF
HIGl] S94 QE(p<0.05 = p<0.0l) Z47 AIEEAUCE
MIC502 RUFXZOJATE 658 + 2.62ﬂg/ ME TEEAOT RT1
I RT2Z0IA T ZH7} 1.44 + 1.043} 054 + 0.53pg/ml 2 TETO]
RUFXZo] Bl5lkd 894 Qls(p<00l) Zart QIFEUTH
MIC902 RUFXZol A& 13.16 + 3.88ug/ml E BET|R O RT1
I RI2ZOIA T 242 3.00 + 2579} 1.01 + 1.02ug/meE THEFT o]
RUEX0] HIBKd 8914 Q1e(p<0.01) ZH7t QIE R (Fig. 6)
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Fig. 6. MIC, MIC50 and MIC90 against S. pneumoniae Type | of
RUFX and their concomitant treatment with Eunkyo-san (Mean +

S. D., ug/m). Group ID was listed in Table 3. * p{006 compared to that of RUFX.
* {001 compared to that of RUFX

7) Streptococcus pneumoniae Type IIof thgt MIC
Streptococcus pneumoniae (S. pneumoniae) Type [ol] thgh

= 771351

MICE RUFXTOlA]E 27500 + 13.693ug/mE BEE 0] RUFX
2 e @2 gE g UERIRICL 31 RT134 RT2F04 =
7}7} 3359 + 2.8381} 1.719 + 2541ug/mlE THEE| 0] RUFXZO]
HI5l] S94 Ue(p<0.01) 247 QIEFEJTE MIC502 RUFX
Tl A E 46.74 + 16.97pg/ M E BEE]SH RT13 RT27001A]
= Z¥2Y 6.67 + 5671 3.22 + 5.00pg/mE BET o] RUFXZ)
15l §94 A=(p<0.01) 247 AF ATt MICIS RUFX
oA 107.94 + 34.27ug/mE BEEIIOM RT13 RT27%0]
e 237 1298 + 11.033 6.21 + 9.57ug/ 2 BT} RUFXE
o Higld F9H U=(p<0.01) Zk27t QIFEIJTE (Fig. 7)
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Fig. 7. MIC, MIC50 and MIC90 against S. pneumoniae Type ||
of RUFX and their concomitant treatment with Eunkyo-san (Mean
+ S.D., ug/mf). Group ID was listed in Table 3 *p¢0.01 compared 1o that of RUFX.

8) Streptococcus pneumoniae Type 110 Tk MIC
Streptococcus pneumoniae (S. pneumoniae) Type 1o} Tf
B MIC= RUFXZoIA] = 12500 + 7.655ug/ 2 THEME]0} RUFX
S HlEA 2 e g LERAA W 818 RT13} RT2T oA &
237} 1.719 + 0.8563} 0488 + 0.610ug/mE EET 0] RUFXTl
HIgk] 294 Ae(p<0.01) Z4art Q1A R A MIC502 RUFX
TolA = 2311 + 1255pg/ 2 BEE A O RT13} RT27200A]
1.783} 1.03 + 1.33yg/m{E THEE o] RUFXTHO]

HIgle] S94 QE(p<0.01) 24} QI FACE MICHS RUFX
oAl 4576 + 2.71pg/ R BETER 2] RT11} RT2Z0)A]
S Z}2} 677 + 3.663 1.98 + 2.65ug/mE TEE0] RUFXTO

H5lod %4’8 AE(P<0.01) A7t IG=ACt. (Fig. 8).
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Fig. 8. MIC, MIC50 and MIC90 against S. pneumoniae Type |Ii
of RUFX and their concomitant treatment with Eunkyo-san (Mean
+ 8. D., xg/mf). Group ID was listed in Table 3. ™ p{001 compared to that of RUFX

9) Bacillus subtilis ATCC 6633¢] thdh MIC
Bacillus subtilis (B. subtilisy ATCC 66330 Tthel MICE
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RUEXZOlAl= 0195 + 0.120pg/mE ETo] RUFXE B.
subtilis ATCC 6633 T30 wiall ¥lwA zZtel e e LehlE=
Ao E BEEICE SHH RT13 RT2Fol A= 242t 0.235 + 0.148
7} 0.273 + 0.288ug/me = FHEE| o] RUFXTH E CE A1ol7t 9l
FHE A LUr}. MIC502 RUFXTOlAE 041 + 0.23pg/nls
Z%]9 0r RT1Y RT2Foll M= 242} 044 + 0273 0.75 + 0.63
rg/mE FaEEo] RUEXTO B3k tia E71E1 20 /a4

2 1AL X okl MIC90S RUFXZEOIAI= 0.75 + 0.38ug/ml
2 BEYEROm RT1H RT2F0)A1E 717} 0.83 + 0.492) 1.28 +

1.01pg/mE EEE| 0] RUFXEY FAGHA BEE IO (Fig. 9)
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Fig. 9. MIC, MIC50 and MIC90 against B. subtilis ATCC 6633 of
RUFX and their concomitant treatment with Eunkyo-san (Mean +
S. D., ug/mf). Group ID was listed n Table 3.
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213}t Quinolone] &A1= A TS DNA EAo] @A oZ &
5= DNA gyrase®} topoisomerase VIZ targetO.Z Sl Q1o
Ao BAl e &4 2ds] Alddle ACE gEA Y2
L 0lE DNA BA| §480] AlS 28t ZRFT EA
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VIERE ZI02 el Tk, &3 ofg ojo)
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o, ARG AFEM 22 ZEHA 54 A VRN
o} 2019t AR AE Hgo] 2714 HIIE By
RUEXZ 1980@tH ol 7l g fluoroquinolone 2 &
29 Zh M9} Staphylococcusol] IS §31E HO)
L}, Pseudomonas aeruginosaol = ¥ T2 §35 VERNA
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A o]g80] =ol @A 71& Bo| HEiE]E quinoloneZd EH44
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Quinolone] &HY

9] &30] FHol JHHS
ol wel Tikst et
dEes 2ES A9 2

19

O¥le
e

7t A= ek

ool MAks AHEH Ao, FEAE A2 dlelo]
A 6 FAUSHAU Aol tist AEHEe = 4R
TS BT 5 UG ALE Ym0 EEET RUFX 89
ATFE AAISHA HAck

SEHS (EmEsY) o Ae £39 AYOT EEY, £
HIE, TR, W, ’r’I% EHE, #IE REE, £EFoIH %
FREXR HAWES G828 R #amrsiAu 52
FHSH Aol #MEERESH TR R, MEESHL S5
o] #I5l1 HEI HE 2 #HESIH, k%o FES Sl 2
Q¥ Frhol £4R1ES EEIE WK RG] BERBAGHL
Eol HFES HEMABEAIIT §50] o] FES Xgcke B
ol Hal. W £EF= BEO| BAME HAlA HWEE B
Sh= #8 521711 #IFES REEE 1S ZiES 950
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ol BRRBAZ T ZE8E BA6le] EEo] TM, M Ik
7Y BEsle] AEA7| I BEILEASHL S MERE FHRAl
A EEZFESEA SIEE #Zo] H I HEE #EEs JASIEE
HFEO 2 B, obST 1§ mEElol MKk e
oA Bk,

AS ANE AEEH, 5714 1"
HFHS Al Mg 4o
pyogens, S. pneumoniae Type I, Type II & Type IIo] ti&h
RUFXQ] MIC, MIC50 & MIC0E Z4Al7l= AOE ahdo]
O|E AlTFFol tigt RUFXY shdd g E7HK17)= ASE &
59t I8} B. subtilis?}t E. faecalisol] thgr RUFXS] &htd
ol ¥ ThE FE2 n)XAl @ AOE BEFJ S, RUFXT

oll4]i= S. pneumoniaec] thalAE X St & LIERIA 21
SR} RUFXE YWEXEIT wollAle vy ghtedo] Z71
ASE VERITE /

whiebA SREES RUFX] 4ol Qe @5l ulgh &
g me E7R71e ACE 4] L B 4dslo Aug
2 ul] $#EES S5 Staphylococcus B! Streptococcus 22
Fatol thsl 2% MEldo] AS ASE AAFCL

ol4t9 AT Bu) SEHmS dE 47 55
3l RUFXS] g3 g S7IA 0159 A1 E8HE &
g ASE 7IErh 2% HEi ARG ehtdo
F3zojor & ACF BZPETh

H ol A RUFXS 86

S. aureus, S. epidermidis, S
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$E#ELO] quinoloneZdl BMUA & rufloxacin(RUFX)Q] in
vitro GEo] viXle HE8GNE U] sl §714 JF
9Z 9] TTRIE T thdl MIC, MIC50 & MIC90ES &H361%1
o Z, ol e B2 92 4 Jck
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SEEY Rufloxacin #H0) 5714 Gram(+) fHgtkol g REER g

BEETL RUFXS BHE0] S. aureus, S. aureus smith, S.

epidermidis, S. pyogens, S. pneumoniae Type [, Type I I
Type Mol thst RUFXS] MIC, MIC50 & MIC90E ZAAlF|E
ACE BEEO] ol AlEFol et RUFXY] ghidds S71]
7= RAOZ BEFACLL, B. subtilis®} E. faecalisoll tH3F RUFX
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