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| ABSTRACT |

In Vitro Antibacterial Effects of Yeonkyokeumpae-jeon against Escherichia coli

Sang-Kyum Han, Dong-Chul Kim
Dept. of Korean Obstetric & Gynecology, College of Korean Medicine,
Deagu Haany University

Objectives: The object of this study was to observe the in vitro antibacterial effects
of Yeonkyokeumpae-jeon (YKKPJ) have been used for treating various gynecological
diseases 1ncluding mastitis in Korea, and individual six kinds of herbal composition
aqueous extracts - Forsythiae Fructus (FF), Millettiae Caulis (MC), Lonicerae Flos
(LF), Fritillaria Thunbergii Bulb (FT), Taraxci Herba (TH) and Prunellae Spica
(PS) against E. coli.

Methods: Antibacterial activities against E. coli of YKKPJ, FF, MC., LF, FT.
TH and PS aqueous extracts were detected using standard agar microdilution methods.
In addition, the effects on the bacterial growth curve were also monitored at MIC
and MICx2 levels. The effects on the intracellular killing and bacterial invasion
of individual test materials were also observed using Raw 264.7 and MCF-7. The
results were compared with ciprofloxacin, a second generation of quinolone antibiotics
in the present study.

Results: MIC of YKKPJ, FF, MC, LF, FT, TH, PS aqueous extracts against
E. coli were detected as 0.039+0.013 mg/ml, 0.064£0.033 mg/ml, 0.108£0.053 mg/ml,
0.078+0.027 mg/ml, 16.250£8.385 mg/ml. 15.625£9.375 mg/ml. 0.254+0.131 mg/ml,
repectively. YKKPJ, FF, MC, LF, FT. TH. PS aqueous extracts showed antibacterial
effects against to E. coli. except for FT and TH. which were showed negligible
antibacterial effects, respectively. In addition, ciprofloxacin with YKKPJ, FF, MC,
LF and PS aqueous extracts also showed marked dosage-dependent inhibition of bacterial
growth, and favorable inhibitory effects on the both bacterial invasion and intracellular
killing assays using MCF-7 and Raw 264.7 cells were detected in this experiment.

Conclusions: The results obtained in this study suggest that traditional polyherbal
formula YKKPJ aqueous extracts showed more favorable antibacterial activities
as compared to individual six kinds of herbal composition aqueous extracts. The
antibacterial effects of YKKPJ agalnst E. coli considered as results of complicated
synergic effects of their six kinds of herbal components rather than simple antibacterial
effects of single herbal components. It means, YKKPJ aqueous extracts may show
potent anti-infectious effects against E. coil for mastitis.

Key Words: Yeonkyokeumpae-jeon, Escherichia coli, Mastitis, Ciprofloxacin,
Raw 264.7, MCF-7
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Type Culture Collection Center(Manassas,
VA, USA)AM FZ27x Az 743t
o] AF-g-3Fsi .

2) AleF 2 717]

2] 9l Ajefo 2 AH8-% Brain-heart
Infusion(BHI), Muller Hinton(MH) agar
2 broth, Dulbecco’s modified Eagle's
medium(DMEM)/F12 medium, & &4
(heat inactivated horse serum), RPMI
1640 ¥l 21 3= Difco(Detroit, MI, USA)¢l
A, agar= Junsei(Tokyo, Japan)el Al 7t
7t F98t9g 2, Hx2eFE<l ciprofloxacin
hydrochloride hydrates= Hangzhou Tacon
Co.(Hangzhou, China)ellA F+3sled A}
L3tk =3 96 well-platet= Greiner
(Frickenhausen, Germany)olA +<13t4
omn, o] Aok Aldrich-Sigma(St. Louise,
MO, USA)dlA F3)sted A&-3tsdo

2. % H

D AgY Az

B A AR EEe B 13
o] 242 va3 Ze(Table 1). A
okl (.53 EH(56.25 g)= F 3ty AA
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=(FF) 6.27 g(5~&: 1253%) | ZEA o)
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&1 1016%), A2 xF] &
=(TH) 6.36 g(5~&: 12.72%) % A
stz B FEE(PS) 5.03 g(+
1 10.06%)F Aol Al ARg-3ldt
FH]8k YKKPJ, FF, MC, LF, FT. TH
2 PSE 20T Ao BAs & A
ol AFEE o™, F913F ciprofloxacin
2 4T YA EAs F AMEsE L
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Table 1. Composition of Yeonkyokeumpae-jeon Used in This Study

Korean Herbs

Scientific names Amounts (g)

P | Forsythiae Fructus

Forsythia suspensa (Thunb.) Vahl 37.50

KL R Millettiae Caulis Millettia reticulata Benth. 30.00
SR Lonicerae Flos Lonicera japonica Thunb. 11.25
B # Fritillaria Thunbergii Bulb Fritillaria thunbergii Miq. 11.25
b AN Taraxci Herba Taraxacum platycarpum H. Dahlsi 11.25
R Prunellae Spica Prunella vulgaris var. lilacina Nakai 11.25

Total 6 types 112.50
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100 31 A skdet. 22 MIC ® MICx2
F59 YKKPJ(0.039 % 0.078 mg/ml),
FF(0.064 % 0.128 mg/ml), MC(0.108 %
0.216 mg/ml), LF(0.078 % 0.156 mg/ml),
FT(16.250 % 32.500 mg/ml), TH(15.625
2 31.250 mg/ml) ¥ PS(0.254 2 0.508
mg/ml) ¢} ciprofloxacin(0.01 2 0.02 pg/ml)
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7}aked. =, 24-well platedl Raw 264.7
A Z(106 cells/well) & v F3F 4%2] heat-
inactivated adult horse serum¥ *3%H3t
DMEM/F12 wi#] 1 ml& #53 Y+
2x10" CFUS E. coli® #7}etal, 37°C,
5% COp Z713}el] 30%-7F wioksle]
A& ERAFH. o] F 1/2 MIC F=°
YKKPJ(0.020 mg/ml), FF(0.032 mg/ml).
MC(0.054 mg/ml), LF(0.039 mg/ml),
FT(8.125 mg/ml), TH(7.813 mg/ml) ¥
PS(0.127 mg/mD ¢}t ciprofloxacin(0.007
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E. coli¥] M E W AFANEHE
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AE FHe MCF-7 Al£E o] 83} 7}
st} &, 24-well platee] MCF-7 M =&
37C, 5% CO; =73}l 5%% FBS %
1% 3+ <A (penicillin, streptomycin ¥
amphotericin B)7} 3% DMEM/F12
vl 2ol ARE- A 20A17F FF vl kI, A
£ A wloFgt MCF-7 A E(2x10" cells) 2
dF PBSZ 33 whE A" o 2x10]
CFU/ml®] E. coli’} 235 DMEM/F12
A 1 ml& A7t 1/2 MIC 5x2
YKKPJ(0.020 mg/ml), FF(0.032 mg/ml),
MC(0.054 mg/ml), LF(0.039 mg/ml), FT
(8.125 mg/ml), TH(7.813 mg/ml) % PS
(0.127 mg/ml) 2} ciprofloxacin(0.007 pg/ml)
< A7 A7ksE o2, 37C. 5% CO. =71
shof| Al 1A ZF Wi Fatar ASH S A A3t
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AFEA ] E ol v ¢ thFH| Table 2. MIC against E. coli Detected
AzS o)Ll EANTS AA YT, in This Study by Agar Microdilution
_ Method

FAH5 A4S Levene testS A A ghe] 7 ,
. % = o Test materials MIC Ranges
Z3lAck”, S84 7% one way ANOVA Ciprofloxacin
fost= AAE e LSD testE ALE 7 T ™ 00130011 0.004~0031
SE ANEE = 28 FAA S S YRRPIE 0 039+0.013 0.025~0.049
Qe wERArY A4S wmy Az “anhfin”
Kruskal-Wallis H test® AlA]s}e] o (mg/mp) ~ 0-06420.033 0.025~0.098
Aol ARH A9 MW test® AA MC' 10850053 0,049 ~0.195
el 2 ] #o04E& WA BE (me/ml) =
EAHEE SPSS for Windows(Release (ampy 007820.027 0.049~0.098
14.0K, SPSS Inc., Chicago, IL, USA)E FT!
16.250+8. .250 ~ 25.
o] &3}l o™, p-value7} 0.05 ©]3}el A% (mg/ml) 6-200£8.385 6,290 ~25.00
1
BAH $o4e Q. FuEa <m£§m1> 15.625+9.375 3.125 ~ 25.00
o moE e Al el sieed PS™ 0254+0.131 0.008~0.391
23 v 229 percent change (mg/ml) e ) )

2 oldle] AL ol gste] Sqssn

EQUATION. Percentage changes as
compared control(%) =((Data of test
material treated groups-Data of control)
/Data of control)x100

m 2 =

1. FFFA=(MIC)

YKKPJ, FF, MC, LF, FT. TH ¥ PS
2] E. coliel Wit MICE ZF Al %] 3]
Aoz ot A3 MICE 27 0.039+
0.013(0.025~0.049), 0.064+0.033(0.025 ~0.098),
0.108+0.053(0.049 ~0.195), 0.078+0.027(0.049
~0.098), 16.250+8.385(6.250 ~25.000), 15.625+
9.375(3.125~25.000) = 0.254+0.131(0.098 ~
0.391) mg/ml& 2= 3L, ciprofloxacin
2] MICE 0.013+0.011¢0.004 ~0.031) pg/ml
2 #2505 (Table 2).

© Yeonkyokeumpae-jeon aqueous extracts
: Forsythiae Fructus aqueous extracts
: Millettiae Caulis aqueous extracts
: Lonicerae Flos aqueous extracts
. Fritillaria Thunbergii Bulb aqueous extracts
: Taraxci Herba aqueous extracts

: Prunellae Spica aqueous extracts

* =M = won < b %

%

2. AZAE E. coli®] AAFA6
A e 33

1) Ciprofloxacin®] &3}

vl oF 24A17F 3R o 7o vl &
oA AE(p<0.01) &3F A + 5
o] Ztart JdAHA S (Fig. 1).

Ciprofloxacin MIC ¥ =(0.01 pg/ml)
A8 AFSE Wik 24, 48, 72, 96
2 120717 F 2l vl 27 -57.14,
-59.84, -59.14, -42.26 % -36.80%°] w3}
£ vEbd .

Ciprofloxacin MICx2 “§%=(0.02 pg/ml)
Ao Adae ek 24, 48, 72, 96
2120412 F 2ol sl Zh2 -76.57,
-79.52, -79.64, -74.45 2 -66.17%°] W3}
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2 v e,

—8— Control
—4— Ciprofioxacin MIC (0.01ug/mi) reated

207 —g— Ciprofioracin MICX2 (0.02ugim) reated

Bacterial numbers (x10° CFU/mI)

Before 24 48 7 % 120
Incubation times (hrs)

Fig. 1. Effects of ciprofloxacin on the
growth of E. coli with incubation times.

* ¢ p<0.01 as compared with control by
LSD test.

2) YKKPJ9 &3}

W oF 24417 FRE W27 vls
oA AdE(p0.01) S EHQ A
9] ZFa7E JAA = A (Fig. 2).

YKKPJ2 MIC % %(0.039 mg/ml) =]
2o A ok 24, 48, 72, 96 E
120/ 7 F dzFol usl 47 -36.17,
-36.76, -32.28, -34.33 ¥ -32.76%<] W3}
£ e o

YKKPJ2] MICx2 %=(0.078 mg/ml)
Ao AFSeE woF 24, 48, 72, 96
gl 120A17F 3 g z2Fel wls] Zh7 -58.14,
-58.01, -52.94, -48.88 = -41.64%2] "3}
£ et ok

——— Control
—8— YKKPJ aqueous extract MIC (0.039mgiml) treated
207 —g— YKKRJ aqueous extract MICX2 (0.078mg/ml) treated

Bacterial numbers (x10° CFU/mI)

T T T T T v
Before 24 48 72 96 120
Incubation times (hrs)

Fig. 2. Effects of Yeonkyokeumpae-jeon
aqueous extracts on the growth of E. coli
with incubation times.

* ¢ p<0.01 as compared with control by
LSD test

3) FFe =3

vl oF 24A17F 3R o 7o vl &
oA = (p<0.01) &F ojEHA A+
2] Aot dAH A (Fig. 3).

FF¢] MIC % =(0.064 mg/ml) A &|2]
AFSE vl ok 24, 48, 72, 96 2 12041 2¢
Z izl vlsl ZH7t -41.90, -46.69, -43.35,
-44.30 2 -33.26%° W3E JeER

FFe] MICx2 %¥%(0.128 mg/ml) ]
O A= wieF 24, 48, 72, 96 ¥
120712 3 djz==oll w8l Zhzh -51.40.
-55.68, -55.26, -51.82 2 -44.87%<] W3}
£ deEb .
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—%— Control
—8— FF aqueous extract MIC (0.064mg/ml) treated
2001 —y— FF aqueous exract MICX2 (0.128mgimi) treated

Bacterial numbers (x10° CFU/mI)

o

Be;me 1;-1 -tls ?'2 96 1:”0
Incubation times (hrs)
Fig. 3. Effects of Forsythiae Fructus aqueous
extracts on the growth of E. coli with
incubation times.

* 1 p<0.01 as compared with control by LSD
test

4) MC2 ifJJr

wloF 24417 FRE 2o vls
A AE=(p<0.01) &=F «1 Al At
49 227k A=A (Fig. 4).

MC2 MIC % %(0.108 mg/ml) 2]
o AFeE wleF 24, 48, 72, 96
12072t & el vls] Z7h -47.19,
-48.06, -49.26, -48.18 ¥ -39.35%<) 3}
= Ve sl

MCe MICx2 %%(0.216 mg/ml)
2o At ik 24, 48, 72, 96 ¥
120712t & dhzoll vls] Z7h -54.87,
-55.52, -55.06, -52.41 % -49.33%<) 3}
£ veh o

R

—8— Control
—8— MC aqueous extract MIC {0.108mg/mi) treated
2007 —w— MC aqueous extract MICX2 (0.216mgiml) treated

o
=

=
=

o
=

Bacterial numbers (x10° CFU/mI)

=

Before 24 48 72 96 120
Incubation times (hrs)

Fig. 4. Effects of Millettiae Caulis aqueous
extracts on the growth of E. coli with
incubation times.

* 1 p<0.01 as compared with control by LSD
test

5 LFe =%

wj ek 24A17F EXE] Y FFel B3
oA Ad=(p<0.01) &= =A< A
T2 FHart dA=H A (Fig. 5).

LF2] MIC %%(0.078 mg/ml) *]<]
A vl ok 24, 48, 72, 96 2 120412
Z ol vl 27 -44.00, -44.62, -44.22,
-39.93 ¥ -34.89%°] W3E el

LF¢ MICx2 =(0.156 mg/ml) A=
O A ok 24, 48, 72, 96 X 1204]
7F F dj 2ol ws 77t -59.45, -57.75,
-59.01, -55.07 ¥ -51.73%<] ¥ 3}E el
At

f o
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—8— Control
—&— LF aqueous extract MIC (0.078mg/mi) reated
20071 —— LF aqueous extract MICX2 (0,156mgiml) treated

o
=

=]
=

@
=1

Bacterial numbers (x10° CFU/m1)

=

Be!lore 2I-1 48 72 % 150
Incubation times (hrs)
Fig. 5. Effects of Lonicerae Flos aqueous
extracts on the growth of E. coli with
incubation times.

* 1 p<0.01 as compared with control by LSD
test

6) FTe =3}

W)o} 242170 B 48N 7 Fol T o).
gzzol W o4 2lE (.01 A

F4ol Barh A7 AgHRo W
72, 96 I 120A]| Ztell M &= W=l w3

$o14 ole Awsel WHE A4HA
ek okeh(Fig. 6).

FTe MIC ¥ X(16.250 mg/ml) 2]
-9 AHdFE H°‘: 24, 48, 72. 96 %
]HH 7y -24.29,
-22.80, -15.75, -4.96 ! -2.83%<] W3 =
Jep 5,

FT9 MICx2 %%(32.500 mg/ml) *
22 AFSE eF 24 48, 72 96 2
12007 ¥ dhzzel vla) 27 2467,
-24.37, -14.67, -7.50 % -4.19%°] H3}E
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Fig. 6. Effects of Fritillaria Thunbergii
Bulb aqueous extracts on the growth of
E. coli with incubation times.

* 1 p<0.01 as compared with control by LSD
test
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—8— Control
—8— TH aqueous extract MIC (15.625mgiml) treated
—— TH aqueous extract MICX2 (31 250mg/ml) treated
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Fig. 7. Effects of Taraxci Herba aqueous
extracts on the growth of E. coli with
incubation times.

(* : p<0.01, T : p<0.05) as compared with
control by LSD test

(¥ : p<0.01, § : p<0.05) as compared with
control by MW test

8) PSel &3

Wi F 24417 FHE d el W &
A A= (p0.01) &F gEH A
G2 Zart 247 AA = AH (Fig. 8).

PSe] MIC 5%(0.254 mg/ml) 2|2
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T dizol vlsl A -44.44, -47.39, -43.79,
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100 4
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Before 24 48 72 ] 120
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Fig. 8. Effects of Prunellae Spica aqueous
extracts on the growth of E. coli with
incubation times.

* 1 p<0.01 as compared with control by LSD
test
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Fig. 9. Results of intracellular killing
assay against K. coli on murine macrophage
Raw 264.7 cells.

* 1 p<0.01 as compared with control by LSD
test

CP : Ciprofloxacin

YKKPJ : Yeonkyokeumpae—jeon aqueous extracts
FF . Forsythiae Fructus aqueous extracts
MC : Millettiae Caulis aqueous extracts
LF : Lonicerae Flos aqueous extracts

FT : Fritillaria Thunbergii Bulb aqueous extracts
TH : Taraxci Herba aqueous extracts

PS : Prunellae Spica aqueous extracts
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A FAM T 2ol BlE FolA e
AAE W A5 FAaE vEgle
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W TH(7.813 mg/mD+ wHEFel ¥]s3)
A e A E W AT FAa
£ dEbi A dskeH(Fig. 10).
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Fig. 10. Results of bacterial invasion
assay against E. coli on human breast
carcinoma MCF-7 cells.

* 1 p<0.01 as compared with control by MW
test

CP : Ciprofloxacin

YKKPJ : Yeonkyokeumpae-jeon aqueous extracts
FF : Forsythiae Fructus aqueous extracts
MC : Millettiae Caulis aqueous extracts
LF : Lonicerae Flos aqueous extracts

FT : Fritillaria Thunbergii Bulb aqueous extracts
TH : Taraxci Herba aqueous extracts

PS : Prunellae Spica aqueous extracts
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