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ABSTRACT

Background: The objective of this study were to determine the antibacterial activity and antibiotic activity-enhancing effect of 70%
ethanol extract of the root of Rumex japonicus Houtt. and its fractions when used in combination with gentamicin against aerobic
skin flora.

Methods and Results: The antibacterial activity and antibiotic (gentamicin) activity enhancing effect against aerobic skin flora
were determined using the disc diffusion assay. Chloroform fraction (CF) and ethyl acetate fraction (EF) showed higher activities
against Staphylococcus aureus and Staphylococcus epidermidis than those shown by other fractions. Regarding the antibiotic (genta-
micin) activity-enhancing effect against aerobic skin flora, the n-hexane fraction (HF) and CF showed strong activity. The combina-
tion of HF and CF with gentamicin was evaluated using the broth dilution assay to determine the inhibitory effect on the growth of
aerobic skin flora. The combination of CF with gentamicin exhibited the highest inhibitory effect on the growth of S. aureus and S.
epdermidis. MTT assay performed to determine the viability of L929 cells revealed that EF treatment resulted in viability of 33.96 -
116.76% at the tested concentration. The combination of 70% ethanol extract and its other fractions with gentamicin showed low
cell toxicity.

Conclusions: Appropriate use of antimicrobial agents is important prior to the development of new antibiotics. The 70% ethanol
extract of the root of R. japonicus Houtt. and its fractions showed significant synergism with gentamicin when used in combination
against S. aureus and S. epdermidis. Thus, R. japonicus Houtt. could be used as a functional materials in antimicrobial-related fields.
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penicillin-streptomycin ~ (Gibco BRL, Gaithersburg, MD,
USA)S E%3% Dulbecco's modified Eagle medium
(DMEM, WelGENE Inc., Gyeongsan, Korea)2 ©]&3}o] 2
el AREstATh 2 ¢ Adel AREE AFE2 Sigma-
Aldrich (St. Louis, MO, USA)IX F43le] Aol Alg-&}
ATt
4. Disc diffusion assay0ll oJst ekt EA
FHag|Ao] BiE 97} gentamicin®] R W&

F2E 3

S35 RIS $18ke] disc diffusion assayS ©|-8-3f] Z+
7475 e R JHads St 2 475 A Hf
ek v 100 L & FFAIRE HahiA] o] gk & o
o W52 o] &3l mwated FHISIRAL, A7 6 mne] paper

discoll o8] s=o] AEE M FFAR H &us I
A71E xS AA A flell 2Rl e 37C
oM iFetATt. 24 A1ZF wiF & disc Tl AE AR
A3 (clear zone, mm)°] A S-S ZA4sto] ey 2 WL
2= Flsi

5. Broth dilution assay0ll 2|st M= Kol 24 =3

Disc diffusion assayS 53l ¢ &AA HE& 5945
Erl A ST} S epidermidis®t S. aureus®] A37gel ojwgh g
kS X =A] ZAFE7] 98l broth dilution assayS ©]-8-51q
GaAS =43t (Mulyaningsih er al., 2010).

2 8] FAHE 0|83t o8] FEE AZ% gentamicinT}
0.1 mgml o] F=7} F=F p-hexane 8 (HF)3} CHCL; #
g (CHS ZH7t 30 i A2k & #4830 ¥ H7hsted]

3
37CeIA 24 A7k HjeFalRlT. ol 200 L E H)ed 96

well plated] &7 600 nmollX F3=2S =43t A8 U
21 PBSE AMESH 84 tixde] §3EE 7IEoE A4S A
3 84S A=sitt

6. M H== =4

ool

=



Eaapgo| s2lo| &
& AEEA Ao 8ol o &= AF ] AfEAEe] o
3 L929 AIZFE ©]&3t] MTT assay= &<1s3itt
(Shin ez al., 2003).

1% 10*cells/welle] E|=2 96 well plated] 1929 XS
EFE F 37C, 5% CO, A 24 A7+ Bk Qg3 Bl
1 A F, R 343 AlRS AEste] 24 AL
sttt PBSel| S mgmee] FE2 A2 MTT §
A 2 wellol 718k, MTT7) SE == 4 A7
<t 37C, 5% CO, 27X WAIZ. wAE AAZ £,
100 £ 2] DMSOZ A7F51o] ZF welle]l AAE formazan 2
AL BHAIZ T TFEE 540l M E FH5I9eH, AR
4l PBSE 71 welld] Hvt 855 ol&sto] AE A

=& =St

ot o ot 1z
— 2
S

7. SNEA

BE A 3 3] o) whEale] APs Axe] gkt
ETHAF (means+ SD)E #7110, 7t Add 7he] FA
52 F24L windowsS SPSS (Statistical Pakage for Social
Science, version 12.0, SPSS Inc., Chicago. IL, USA)E ©]
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7V e E89ES Ui, HE CF, EtOAc ¥
(EF), BuOH #3 BF)2 Z+Z} 3.56%, 2.45%, 10.54%,
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Table 1. Yields of 70% ethanol extract and its fractions from the
root of Rumex japonicus.

Sample Yield (%)
ER 34.64
HF 3.56
CF 2.45
EF 10.54
BF 25.33
AF 58.13

ER; 70% Ethanol extract of Rumex japonicus, HF; n-Hexane fraction,
CF; Chloroform fraction, EF; Ethyl acetate fraction, BF; n-Butanol
fraction, AF; Aqueous fraction.

Table 2. Antibacterial activities of 70% ethanol extract and its
fractions from the root of Rumex japonicus.

Diameter of clear zone (mm)

Sample Concentyation
(mg/disc) S. aureus S. epdermidis
R 3.0 8.83+0.75% 8.43+0.319*
1.0 8.13+0.31° 7.40+0.26%
HE 3.0 9.33+0.49¢ 8.33+0.06%
1.0 7.97+0.81¢ 7.57+0.12¢
F 3.0 11.20=£0.60°  10.00+0.44°
1.0 9.87+0.35¢ 8.73+0.32¢
- 3.0 11.40+0.20° 9.63+0.93¢
1.0 9.20+0.46¢ 9.07+0.55%
+ € —
BF ?:g 7.83__(1)).12 5
3.0 - -
AF 1.0 - -
oM 1 ug/disc 22.33+1.19°  16.43+0.35"
0.5 ug/disc 19.13£0.40°  14.37+0.45°

ER; 70% Ethanol extract of Rumex japonicus, HF; n-Hexane fraction,
CF; Chloroform fraction, EF; Ethyl acetate fraction, BF; n-Butanol
fraction, AF; Aqueous fraction, GM; Gentamicin. "no inhibition.
Means values = SD form triplicate separated experiments are shown.
Means within a column followed by the same letter are not significant
based on the DMRT (*p < 0.05).

FEE2 8.83me] ASAHIS FsIoH, CF EF
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sampleZ &% 9|&ZX 4 BAFAULL
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A 7118 ARl Ao g detwo] Zt} (Lee er al, 20115
Yoo et al, 2012). S. aureus®l] S A§ F=E 4L E3I9]
Faed e A AEE 3mgdiscE A S W 8.85-
13.67mm o] A3 S-S FA3IATH=E B (Seo er dl,
2016)2F S. aureus} S. epidermidis®| THF APRUE 71A] S
5 9 239 S S8 A 1 mydiscE A5
< W S aweusIA = 837-10.08mm 9] LA TS S
epidermidisd| A= 8.25-9.78 mm &] AJA IS HoFT}
£ W3 (Yang ef al., 2016)¢} Hl&le] 2 o dgEd 2]
g87sAel TEsitia FEFH AL

3. Disc diffusion assaydll 2lst F== X 22lo| S|
&2 gt
Fage] e FEE 9 B3 48 AT skl

gentamicing Waste] A2sAS W Idta o] ¥skE M|
3 A3 S aureus®] 79 gentamicing 0.5 pg/disc®] T
2 9= AYsiS w 19.13mm &) BEA TS AR
1}, gentamicin 0.5 12/disc®} HFS} CFE 1 mg/disce] F==
W3 H23llS W zHzk 30.37 mm, 35.70 mn 9] AYEA L
Fete] gentamicing TEOE X2|EFS wHT; oF 1.5-
2] A% ¥ =2 S UERNITE (Table 3). FARE

Table 3. Enhancing antibiotic effect of 70% ethanol extract and its
fractions from the root of Rumex japonicus.

Diameter of clear zone (mm)

Sample Concentration
S.aureus  S.epdermidis
R 10 me/disc+1.0 pg/dlisc 19‘304_#0.61?" 15.00+0.53%
1.0 mg/disc+0.5 pg/disc 16.83+0.67"  11.83%0.658
HE+om 10 mg/disc+1.0 pg/disc 32.03+0.76° 25.0010.26?
1.0 mg/disc+0.5 pg/disc 30.37+0.42¢ 23.70%0.66°
crrcm 1O mg/disc+1.0 pg/disc 37.90+0.95* 26.70+0.61°
1.0 mg/disc+0.5 pg/disc 35.70+0.30° 24.93+0.15°
EF+CM 1.0 mg/disc+1.0 pg/disc 19.9310.74.fg 14.07+0.60"
1.0 mg/disc+0.5 pg/disc 15.07+0.06 11.73+0.358
BF4+CM 1.0 mg/disc+1.0 pg/disc 20.70¢0.50_f 14.00+0.53f
1.0 mg/disc+0.5 pg/disc 16.60+0.46' 12.03%0.218
AFrCm 1O mg/disc+1.0 pg/disc 19.57+0.558" 17.20+1.01¢
1.0 mg/disc+0.5 pg/disc 18.70+0.36" 13.73+0.25'
1.0 pg/disc 22.33+1.19°  16.43=0.35¢
GM 0.5 ug/disc 19.13+0.408" 14.37+0.45%

ER; 70% Ethanol extract of Rumex japonicus, HF; n-Hexane fraction,
CF; Chloroform fraction, EF; Ethyl acetate fraction, BF; n-Butanol
fraction, AF; Aqueous fraction, GM; Gentamicin. Means values = SD
form triplicate separated experiments are shown. Means within a
column followed by the same letter are not significant based on the
DMRT (*p < 0.05).
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S aureus®] =& FFTAHL HIEYW EFe AL
gentamicin}2] 5282 UERIA] AT S epidermidisl

gentamicing 1 zg/disc®] F5 2 A23AS W 16.43 mne] A
SA NS AR CH, S aureusd] Ao} mRZIA =
gentamicin 0.5 #g/disc2} HFS} CFS 1 mg/discZ W35S
o 25.00 mm, 26.70 nme] AN SE FAJHA FSAES
HoFQIt} (Table 3).
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o, ol2g Av= &uje] S0l Qg A= ZF
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o] 7Fsd Ao AZE A
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4. Broth dilution assaydll 2|st F=l9]

Disc diffusion assayS 53l ¢ &AA W& 595
Erl A ST} S epidermidis®t S. aureus®] A37gel ojwgh g
S nX=A] ZAR] 913 broth dilution assayS ©]-8-314
FHES ST AHE Fig. 19 JeRSITH

S. aureus® A7 A FAHAE HHEU oAM=
gentamicing Y502 Mg AP0l 2 AllsS Ho
FAARE AsEole 48] Ao] wolAl= Zlog il
Hem™ CF9} gentamicine H3Yse] A2 gk A& FolA =
AsmoAME F 60%2] A3l &9 JERAT (Fig. la).
HFE W3 Azlgh 49 ssdre= CF W3 M+u =
S A S RAAT AFEdME F 15%2 AHEdS
YUEPH O EA gentamicing 502 A2|dt AP HThe =
UAAT CFel e AEgh AT e S48 HoF
ATt S epidermidis®] A7 A3 S. aureus®] Az}t
nR7 IR 2 AFE CF9F gentamicing W3] *2]810S o
F 70%2] AIAEAFS HAFOZHN 1.19%2] As&de
ERd gentamicin B AHIFHRT 22 A4S RAFI
(Fig. 1b).
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Fig. 1. Inhibitory effect of 70% ethanol extract and its
fractions from the root of Rumex japonicus on
growth of S. aureus and S. epdermidis. CM;
Gentamicin, HF; n-Hexane fraction of Rumex
japonicus, CF; Chloroform fraction. Values are
means + SD (n = 3).
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10 mg/mé F=2] EFS gentamicin 1 mg/mé3} WeY3te] ]t
AT AE AEEC] 33.96%= XSGl IS FRIT
A~

T ATk A S A ST HFS 2 mg/md o]
st FEE gentamicin 1 mg/ml 2 WaPste] HsiiS o,
100.84 - 112.89%2] A2 AEES YEPIOZH gentamicinS:
9= A2 AR 52 AE AEES HAFozH A

e Fxske 294E 1 & Uitk =g CFS
2 mg/ml ©]3}e] FEZ gentamicin 1 mg/mlz} WaPste] 225}
RS wl, 76.44 - 99.56%2] AIE LS YepioEn -
g ghel 548 e = &dth sHAITE CFE 10 mg/md 2]
L E gentamicin 1 mgmb 3} WaPste] HEsiS o,
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71e o= RIS

hvA
fn

g Age] e 70% EtOH F=2E 2 #33 48 A4
Al gentamicin®] A F7F BIHE 27 24 Al S
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from the root of Rumex japonicus HOUTT and
gentamicin by MTT assay. CM; Gentamicin, ER;
70% Ethanol extract of Rumex japonicus HOUTT,
HF; n-Hexane fraction, CF; Chloroform fraction,
EF; Ethyl acetate fraction, BF; n-Butanol fraction,
AF; Aqueous fraction. Means values = SD form
triplicate separated experiments are shown.
Means within a column followed by the same
letter are not significant based on the DMRT (*p
< 0.05).

aureus®}t S. epidermidisol <] disc diffusion assayS ©]-&-3}o]
I A3}, 7 o BT FEEH w8S dE0E A
S Wole CF3# EFol 2 F484S HAFUAA,
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@ FroME o] AFE o R AT =
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