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| ABSTRACT |

In Vitro Antibacterial Effects of Tunong-san and Kwaruwoobang-tang
Aqueous Extracts against Staphylococcus aureus

Se-Ran Jang, Young-Sun Park, Dong-Chul Kim
Dept. of Oriental Obstetrics & Gynecology, College of Oriental Medicine,
Daeguhaany University

Objectives: Recently Ciprofloxacin, used in the treatment of mastitis, showed
many serious side effects. The object of this study was to recognize whether TNS
and KWT can be used in the treatment of mastitis by observing the in vitro
antibacterial effects of TNS and KWT aqueous herbal extracts against S. aureus.

Methods: Antibacterial activities of TNS and KWT aqueous extracts against
S. aureus ATCC 25923 were detected using standard agar microdilution methods.
In addition, the effects on the bacterial growth curve were monitored at MIC
and MICx2 levels. The effects on the intracellular killing and bacterial invasion
of individual test materials were also observed using Raw 264.6 and MCF-7. The
results were compared with Ciprofloxacin, a second generation of quinolone antibiotics
in the present study.

Results: MIC of aqueous extracts of TNS and KWT against S. aureus were
detected as (0.313+0.107) and (0.137%0.053) mg/ml, respectively. MIC of Ciprofloxacin
was detected as (0.469+0.297) we/ml at same conditions. In addition, TNS, KWT
aqueous herbal extracts and Ciprofloxacin were also showed marked dosage-dependent
inhibition of bacterial growth, and dramatical inhibitions on the both intracellular
killing assays and bacterial invasion using Raw 264.6 and MCF-7 cells were detected.

Conclusions: The results obtained in this study suggest that TNS and KWT
aqueous herbal extracts showed antibacterial effects against S. aureus, and they
also showed dosage-dependent inhibitory effects on the bacterial growth. And they
showed the significant intracellular killing and bacterial invasion effects. It means,
KWT and TNS may show more potent anti-infectious effects against S. aureus
in vivo.

Key Words: Staphylococcus aureus, Antibacterial Effects, Mastitis Tunong-san,
Kwaruwoobang-tang, Ciprofloxacin
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w2 = Difco(MI, USA)oll A 22t 7
3l9l 2™, Fetal Bovine Serum(FBS)+
Invitrogen(NY, USA) el A F9)3h4 o,
% k=<l Ciprofloxacin hydrochloride
hydrates= Hangzhou Tacon Co.(China)
ANA FH4kA A AHEEkATh. =d
96 well-platex=  Greiner(Germany) °ll A
T8k, ole]  diREES Aok
Aldrich-Sigma(MO, USA)ell A 3] 3}
AR-8-8F ol

1. A1z9 &¥]

2 Ay AHE® TNS 2 KWT 14
o] 242 47 oh23 2o (Table
1. 2). TNS & KWTZ FAsE= oA

ar
Agstde. RE 52 Az

o

vy 2 83 =9,
Ciprofloxacine 25 wg/m7}A] vl % =+

S =t

Table 1. Composition of Tunong-san Used in This Study

Korean Herbs Scientific Name Amounts
name (g)
I Astragali Radix Astragalus membranaceus Bunge 16
w O Angelicae Gigantis Radix Angelica gigas Nakai 8
ZEIL Manitis Squama Manis pentadactyla Linn 4
24 i Gleditsiae Spina Gleditsia sinensis LAM 6
Total 4 types 34
Table 2. Composition of Kwaruwoobang-tang Used in This Study
Korean Herbs Scientific Name Amounts
Name (g)
B Trichosanthes Semen Trichosanthes kirilowil MAX 4
HEE A Arctii Fructus Arctium lappa L. 4
KIE¥ Trichosanthes Radix Trichosanthes kirilowii MAX 4
OB Scutellariae Radix Scutellaria baicalensis Georgi 4
e Gardeniae Fructus Gardenia jasminoides Ellis 4
EoOF Forsythiae Fructus Forsythia koreana NAKAI 4
1SR Gleditsiae Spina Gleditsia sinensis LAM 4
B ERAE Lonicerae Flos Lonicera japonica Thunb 4
H = Glycyrrhizae Radix Glycyrrhiza uralensis FISCH 4
;3 Citri Pericarpium Citrus unshiu Markovich 4
T F Citrl Reticulatae Viride Pericarpium  Citrus unshiu Markovich 2
e Bupleuri Radix Bupleurum falcatum L 2
Total 12 types 44

29



T4 Az A F9438 S aureus
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test® AlAIste] oAl A4H A5
MW testS AAske] 3k #-24
s Azsge 2E 54 Aelx SPSS
for Windows(Release 14.0K, SPSS Inc.,
USA)E o831 2™, p-value7} 0.05 ]
e A9 EAA SgALS AdAI}GT
FEE 2945 B 983 37 ¢35}
of Al vx] H 272 percent

changes oFf o] FA & o]&std FA

lo iy

EQUATION. Percentage Changes as
Compared Control (%)
= [((Data of test material treated

groups—Data of control)/Data of control)]
x 100

m 2 =

1. 7 A =(MIC)

TNS @ KWT & F&E9] S aureusel
ek MICE ZF 44 wA siMgo=z
Hr71g A3 MICE 727 0.313+0.107
(0.195~0.391) 2! 0.137+0.053 (0.098 ~0.195)
mg/m 2 FFE Q. A Ciprofloxacin
2] MICE 0.469+0.297(0.195~0.782) wg/ml
2 #2505 (Table 3).

Table 3. Minimal Inhibition Concentration
(MIC) against S. aureus ATCC 25923
Detected in This Study by Agar
Microdilution Method

Ma?ei%gls MIC Ranges
+
TNs  (031350.007) 1950391
+
kwr  (0-13720053) 0098~ 0.195

Ciprofloxacin (0-46920297) ¢ 195~ 0,782
TNS : Tunong-san

2 FAe w A& od ek

TNS & 2% MIC %%=(0.313 mg/ml)
Ao AF = wleF 24, 48, 72, 96
gl 120417F 3 ozl vls) Zh7 -27.69.
-27.19, -25.55, -25.34 ¥ -23.89%<] W3}
£ el

TNS & 325 MICx2 ¥5(0.626 mg/ml)
o] AT S ek 24, 48, 72, 96
212041z F dzTel uls 47
-36.98. -37.84, -32.01, -32.66 2 -30.62%
o] W35 veh

W oF 2447 FRE 2o wls]
oA sle A" §%F &ML AFE
o] a7k TNS & FE2E A TolA
77y Q1A = ek (p<0.01) (Fig. 1).

—

—e— Corfrol
—0— TNS agueous extracts MIC (0.313malmi) treated
180 1 —y— TNS agueous extracts MICK2 (0.626mgim) treated

e o @ oD = B @
5 8 &8 8 B & 2
f L L f L L L

Bacterial numbers (< 10° CFU/mI)
&

=)
L

Beflore thl 4‘8 7‘2 9‘6 1 Z‘D
Incubation imes (hrs)

Fig. 1. Effects of Tunong-san Aqueous
Extracts on the Growth of S. aureus
ATCC 25923 with Incubation Times.
* © p<0.01 as compared with control by
one-way ANOVA and post hoc LSD test
TNS : Tunong-san
KWT : Kwaruwoobang-tang
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2 120217 F =l Bl 22k -30.63.
-29.50. -26.89, -27.41 % -25.64%°] W3}
= vehiae.

KWT = F&& MICx2 ¥=(0.274
mg/ml) A2 A = vl 24, 48,
72, 96 9 120A17F ¥ o el Wl 247
-45.94, -43.60, -44.87, -40.77 % -41.33%
o] HaE e ol

Wi oF 24417 FHE w2l s
A4 e A &% EAL AT
o a7t KWT & F55 AzZelA
7zt ‘ﬂxéfil‘ii‘:}(p@.Ol)(Flg. 2).

4
N

—e— Caortrol
—0— KWT aqueous extracts MIC (0.137mg/ml) treated
180 4 —y— KWT aqueous extracts MICX2 (0.27 4mg'rmi) treated

= o m oS m = &
& 8 8 8 B & 3

Bacterial numbers (< 10° CFU/mMI)
]

o

Berlure Zld 4’8 7‘2 9‘5 1 éEl
Incubation times (hrs)

Fig. 2. Effects of Kwaruwoobang-tang
Aqueous Extracts on the Growth of S.
aureus ATCC 25923 with Incubation Times.
* ¢ p<0.01 as compared with control by
one-way ANOVA and post hoc LSD test
KWT : Kwaruwoobang-tang

3) Ciprofloxacin® Azt + A
Aol wx &= o3
Ciprofloxacin MIC 3 %=(0.469 wg/ml)

Ao A e wlF 24, 48, 72, 96
2120717 3 2ol wvlsl] 27 -41.73,
-46.35, -45.22, -42.15 % -38.10%°] w3}
£ dEb e

Ciprofloxacin MICx2 5 %(0.938 wg/ml)
Ao A = wieF 24, 48, 72, 96
9 120A17F F W 2ol wls] 27k -58.98,
-62.21, -63.33, -62.50 % -58.77%°] W3}
£ deEb ol

) oF 24A17F FRE o FZ Tl H]s
o ole Ag &% A<l
o] 747} Ciprofloxacin 3 2] 2ol A
7+ 1A = 9ok (p<0.01) (Fig. 3).

o
N A

—— Caontrol
—0— Ciprofloxacin extracts MIC (0.469pg/ml treated
T —¥ Ciprofloxacin extracts miCx2(0.938pg/m) tre ated

Bacterial numbers (< 10° CFU#mI)

T T T T T ‘
Befare 24 48 72 9% 120
Incubation times rs)

Fig. 3. Effects of Ciprofloxacin Aqueous
Extracts on the Growth of S. aureus
ATCC 25923 with Incubation Times.
* © p<0.01 as compared with control by
one-way ANOVA and post hoc LSD test

.AIE W A AE &3

Raw 264.7 cell W A4 4= MIC 1/2
=% 9] (Ciprofloxacin(0.235 weg/ml), TNS
(0.157 mg/m) W KWT(0.069 mg/ml) &
FEE Aol mA x| Bl
77+ -85.86, -57.02 2 -71.48%2] H3I =
el sl e
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KWT & F&&52 A Az dzd
vls] oA e B AE W AF S
o A5 27 epl Aok (p<0.01) (Fig.
4).

Bacterial numbers (CFU/mI)

1000 %
0 T T T T
Cortrol Cioro ™S KWT

Treated Groups

Fig. 4. Results of intracellular killing
assay against S. aureus ATCC 25923 on
murine macrophage Raw 264.7 cells.

* 0 p<0.01 as compared with control by
one-way ANOVA and post hoc LSD test

4. 43 Ax W A& AF A 23

MCF-7 cell | A+ = MIC 1/2
=%9] (Ciprofloxacin(0.235 weg/ml), TNS
(0.157 mg/ml) W KWT(0.069 mg/ml) =
FE= Aol wA x| Bl
Zhzy -79.27, -48.97 W -63.67%°] W3 &
vreb sl

MCF-7 cell& ol &3}, S. aureus 4
I Az RAFE A 234E Hrie A5
sub-MIC(MIC 1/2) =% TNS ¥
KWT & F&&52 i A= d =Ll
vlsl folAd sl ASAE W AE
ol ZaE A7 vehl v (p<0.01) (Fig.
5).
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Fig. 5. Results of Bacterial Invasion
Assay against S. aureus ATCC 25923
on Human Breast Carcinoma MCF-7
Cells.

* 0 p<0.01 as compared with control by
one-way ANOVA and post hoc LSD test
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