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Antibacterial and Antioxidative Activities of Epimedium koreanum Nakai Extracts. Won, Doo Hyun', Hyun A Gu', Hye
Jin Kim', Saet Byeol Han', Jino Park?, and Soo Nam Park'*. "Department of Fine Chemistry, Nanobiocosmetic Laboratory,
and Cosmetic R&D Center, Seoul National University of Science and Technology, Seoul 139-743, Korea, 2DAEBONG LS,
Incheon, Korea

In this study, the antibacterial and antioxidative activities of Epimedium koreanum Nakai were investigated for applications as
cosmetic ingredients. Minimum inhibitory concentrations (MICs) of fraction-bacterium, that showed high antibacterial activity
from disc diffusion assay on human skin pathogens, were tested. The ethyl acetate fraction on Staphylococcus aureus, Bacillus
subtilis, Propionibacterium acnes and 50% ethanol extract on S. aureus exhibited higher antibacterial activities than methyl
paraben, well known as a preservative. The DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging activities of 3 fractions of E.
koreanum Nakai were lower than (+)-a-tocopherol, known as a typical antioxidant. From the results of the scavenging activities
of various ROS generated in Fe**-EDTA/H,0, systems (OSCsp), 50% ethanol extract (OSCsp = 2.46 + 0.06 ug/ml) and agly-
cone fraction (OSCsg = 1.45 £ 0.02 ug/ml) showed high activities similar to L-ascorbic acid (OSCsp = 1.50 + 0.85 ug/ml), used
as reference. The cellular protective effects (t50) on photohemolysis by 'O, generated by photosensitization reaction were
tested. The cellular protective effect of 50% ethanol extract (150 = 37.0 + 0.3 min) was similar to (+)-o-tocopherol (t50 = 38.0 +
1.8 min), used as reference. In particular, the t5q of aglycone fraction results were 165.9 £ 7.2 min. This is a high cellular protec-
tive effect, more than 4 times that of (+)-c-tocopherol. These results indicate that E. koreanum Nakai extract, and its fractions,
could be utilized as a cosmetic ingredient possessing antibacterial and antioxidative activities.
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5}o] Escherichia coli, S. aureus, B. subtilis, Pseudomonas
aeruginosa 5°| Utt. o] H T W RS oo A
< BN AT A AHE o)) g FFE &
ot A= o 7] 13 methyl parabend} 22 WEA| 7}
AREEAL QlTh. SHAIRE | paraben {& Zsh= A W
FA 9 kAol gt A7 HFEHA o]E HAZ = QL
© AA IEA A7F 48] A= QITh3, 4, 14, 21].

A E o= Ao Fafje w o 4ety AEHA
£ sttt 535 Aol o3t Atsty AEY AE R
3to] =4 aQlojth. 7L AA o S EHH BT
(reactive oxygen species, ROS)o] A E o] 8 22L& &
A7 AR o g FET ZE =35 oF7|sHA €t
[2, 8, 18, 20]. ROST -3} 3t AkA % © & hydroxyl radical
(‘OH), superoxide anion radical (Og7), singlet oxygen
(*Oy), hydrogen peroxide (H20,), peroxyl radical (ROO-),
hydroperoxide (ROOH) So| E£3tHT} o]EL & A3
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*ﬂi 48, A4 #4sh 95 2 fA o 2
A, dekad 6ol A9 5L 4o =otE
7]._,_§} /\]711:}[13 15, 16].

olfg &40 2 RE HEE B35 3 Adole
superoxide dismutase (SOD), glutathione peroxide (GPx),
catalase (CAT)S} 22 &4 7 FAslA ¢}, vgrql C, v g}
Wl Bop 22 vlEAd s Se] EAah A FHakst
AT N2 AERGH 02 2goto] Farsh ozt 3
A5k ik, kAR %) ROSTH B4R A AW
AFgE dholuke RUAA Eo o)A B FAEA =
olgiat gHksl MEYAS BEeT SEANT GaA 3
FE Ao E LW 717 FASA o TR A7t I H
o] tth6, 7, 10]. F4SHA] Aol A T FArsHA o
Al ABAZE i, Aol A PRAS FU o]
FE HAES o] &3 FAtsHA o et B2 A7 I3y
et
ot Ay A AMESE AR FEZ(E. koreanum Nakai)=
A48, oo A HE AR Aot 4N FH
of Tt FAitst 84 d+= 4 EJ_EI 7} Qlont, g
gtz 24 A JF5H A ATE F& 4
4557l W2l & %EEH 54 L BHolE=
B2kl SUoitHp, 17]. webA oW Aol At Thape
<, 58 21& o] &35te, gRoA P == o2 ROS
FAH Fash 4yt 7o) R FEo o
Eﬂ% RIFozn AAFE2Y HFE 4EE
g oz FAusT

=

7171 & Al

Varian (Australia)Al2] Cary 502 UV-VIS spectro-
photometer®, Milton Roy Co. (USA)2] Spectronic 20D+=
AT B8 Aglol AT, ST Aglo] AgT
6-channel LB9505 LT+ Berthold (Germany)Al] A &S
ALl 2, pH meter+= Hanna (Korea)Al Al &S AM&-3}
et

B R EZAZ AR3 (4)-0-EFHE, L-ascorbic acid, 33+
Bk A3 o] AFR3F EDTA, luminol, &8 2438 A3
A FZA 2 AFEE rose-bengal, free radical &7 &4
AF&3F DPPH radicalZ Sigma (USA)o|A £ste] ARR-S
St FeCls - 6Hy0= Junsei Chemical Co. (Japan) A&,
H;05= Dae Jung Chemical & Metals (Korea)A} A Z<&
A2tk NagHPO, - 12H,0, NaH,PO, - 2H,0, NaCl, o]
e, HghE, o dotAE o] E, n-8l4t T 24+ &= Al

EF AkS gt

MRmEEel 28l W 55
Aol AGE AN TARE AFAG FYALE B3 o
M2 Brhels Qs YN 100 g9 A2 A
FERE 419 50% N o] 24 hEL FHA F
of3} Az 3}k ol P Pojxl B ARL Ao] A3}
93, AFE o FotAElol= Hale wELy) Agatch
COlEepElolS Balg W) Ao, 5o e i
S B FHFAL. T F 04 A 50% oSS F
22 Wl gAHoR BEY wee 4o & gt
chlorophyll& A7 34k, o ¥ oPobigol= 232 7

e BT 2 F A AH8S

opAgro 2 o 28 ¢V H;Pocl 01130}/\1]151]0]‘5
YA d BT dRE ARSI o EotAEI0|E &
g2 A7t whee B8 T AAANA o2 E £
S AU AL 7RSS AI717] S oot ol E £
“"Oﬂ H,S0, % oMl E 895 ¥, ;w‘“? =083 4h T
¢t T 7hEstit. 87 A7l 89S 5% KOH/MeOH &
doz Fo} HH 5 thA] oot l o|EE Hol AR
o 27 oAl E S& A - FH3 oA &
TS Fol AAE o2 BLE A A&t

oje} o] doj HAFHEx 50% L FEE, oot
AEo]E B3 9 o}ZaE 23S o] L3} 6]--7]- ol A}

z}:é:%% AREet, ARHoE H4E U AE duei
1

(#)oll £3l= S. aureus, B. subtilis, Gram ( o] £3}+= E.
coli, P. aeruginosa, YEAZS do7|= P ovale, P
acnes®] 3t FH+SA-S disc diffusion assayz S5+
. A AEE 6% FFE BF AR HEAE

Table 1. List of strains and cultivation condition used for anti-
microbial experiment.

Strains Media Temperature Time
S. aureus ATCC6538 MH? 37°C 24 h
B. subtilis ATCC19659 MH 37°C 24 h
E. coli ATCC23736 MH 37°C 24 h
P, aeruginosa ATCC29336 MH 37°C 24 h
P. ovale ATCC12078 Pityrosporum 30°C 72 h

medium®

P. acnes ATCC6919 RC® 37°C (COy) 72h

aMueller-Hinton medium.

®Malt extract agar 6%, oxbile 2%, tween 40 1%, glycerol
monooleate 0.25%.

®Reinforced clostridial medium.
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(KCCM)of| A BEoFkoitt, Bl #3F+= 1% 107 CFU/mLS
2 245, s A 242 Table 19 A3} $it}. Paper
disc (diameter 8 mm, Roshi Kaisha. Ltd., Tokyo, Japan)
o 0.5, 2.5 mge] RS F4, AZAAG WFE 2+ 25
£ 100 WA A o] SUT 7, ARE Fo paper
disc® EUe BEA Sof YRAA weFstelch 1 F
disc?] clear zoneZ &34 3te] FA4LAS H| WS}t

ZAXSH=E(minimum inhibitory concentration,
MIC) &3 Paper disc @A 22 5E(0.5 mg)o A=
Tt DA Hel £ 9 A3 i) o A S 5
Asl7] Y3l A A )%= (minimum inhibitory concentration,
MIC)E #2134ttt AL Castillo et al. [1]0] A3
agar-dilution method2 Z113}e] A3t 2+z+o] #+5
£ 1x10" CFU/mlZ2 243 & AMg-3tynt d27#oz 3t
&) A& E= t&F HEA Q] methyl parabens AH§-
3 Hlustth 2 F=9 AE 1 mlE FH3 HiA 10 ml
€ petri disho] $UsIRL, & 100 pul¥ =g T vk
SHATt. Sotom BASNAL W), 27ke) FEo| FAHA o
L =52 MICE At

MxmEE £E20| M8 51t 53

DPPHHE 0|85t Free Radical &7{ &4: DPPH 4
e e 27 5L FAT 4+ Y PR 4
do g vy kA gzl DPPH| tigh MAtgoa
T}(electron donating ability)E E35lo] e A3}
AgLe vetgo] &3A171 0.2mM DPPH 1ml, ofgh&
1ml 98 5% FEE 1 mlE vortexingdh th& A2
A 10 min 5 WA AT A7 5 gL A7
%, spectrophotometer2 517 nmo| A DPPHS T34 =&
=454t ol o] A& o §3te] DPPH 474 B4E A4
stlom iR (contro)> ARE WA A, FAY
(blank) DPPHE ¥7] 31 A|22] Jake R4aioc}. o)
o|HE DPPHY $%7} 50% #AEEd Badt Az 5
%= (free radical scavenging activity concentration, FSCs,
ug/ml)Z ®7|35FH .

Inhibition (%): 1- |:(AE«c eriment BBlan/e)j|>< 100
control

Luminol LZHE 0|83t Fe**—EDTA/H 070 U0
A EHMA AN M (ESEALASES): AN ST
o] 93] luminole] Y= Y& spehdg7| 2 FHEd}ho
Aotgch SH4 1.78 mlo] AIRE FEEE A7 3,
2.5 mM EDTA 40 pl, 5 mM FeCl; - 6H;0 10 ul, 35 mM
luminol 80 ulE ¥l hand-mixingd}t}. 5 min 5% T2
A1 & Fenton ¥FS-& Ao 7]7] €84 150 mM Hy0, 40

A
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WIS Y3 25 min 5o SeHA W AEE St o
Z - (contro) &2 FEE Al F s 3
(blank)2 Hy0:9t FeCls-6H,0 Al SF7+E A7l &
Ao, A7 BAL g A ol g8 AR, dol
Elols 4% 844ta a7 B4 9 ashdgo] A7) 7t
50% ZAE+=d ZRst AJR9 FI:(reactive oxygen
species scavenging activity concentration, OSCsg, ug/ml)

Z2A 27130

TP _(Control®] cpm—Sample2] cpm)
hibition (%)= 100
inhibition (%) (Control 2 cpm—Blank?) cpm) 8

PhotohemolysisiiZ 0|t MZ B S1t M

My el FME: HEFe AT A HHERE
AESHRIL, ZA| heparino] F7Hel ATl Wit 3,000
rpm 2 5 min ¢ G4 Bejst HEret L &
st A, 23 @3 0.9% saline phosphate buffered
saline (pH 7.4, NagHPO, - 12H;0 9.6 mM, NaHyPO, -
2H,0 1.6 mM)© 2 33] whstel 4%, Helshoict. Lol
QYT £09 B0 RBSEA AEHGL, BE A
He A 7 12 ool BarATk. Aol AHEE HET
HEHL 700 nmo] 4] O.D.7} 0.60]Hew ojwf HE 4=
L oF 1.5% 107 cells/mlo]t}.

HXFEE FEE9 E8E oM &1k HET A
H 35 mlof FEES FEEE 747 50 WY HUME ¥
30 min 5¢F pre-incubation A/t 1 & FETAZ ARE
1

A

ALslo] B&7F WS do o). 15 ming FRAP BY &
ARES Azt W E HE 1Y $EAHEE 15 min (HH O R
700 nmo| A F3F % (transmittance, %)E ZA3FH . ©]
700 nme| BN BT Aetele] BB Zhe HET
o] $EH = vt BE AP 20°C F2& A5
o A3Pst At o8 HE+9 50%7F e H=d 2
£ A7kl 1500 2 ey st

o) 2 (control) T50°] 31 min®ZE 22H 9] £ 1 min 9]
HE ZE ZF9Y AFA Af@Fo] FEoHA Vet
Rose-bengalS 715} FZRALE 3R] e H-22) rose-
bengals H7FshA] ¢Fal FRANE P& A= BF AvHE
120 min7} A= §&o] A Y FojuhA] Gt ZE AP
33] HHEslo] Ftstqit.

50% ofg& & 4 Lofl 100 g9 A=xd A FE2E &
A &zt 24 het YHAZ F A5 ZYsHe] 50% e
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FEE BT A9t 50% oghe 289 $EEL 4.11%
olqitt. oEHolA g o] E 32 50% N2 FEEA
n- ?‘WWE 3 EF4E AAT F dEotAgo]E £
ZE3t] Y FF3AL 58] L71%= A=A
OHQOWIEHOL 3 £ 0.2 g& o]&3) A 7HEH A A
< AAS o}ZEE £FE Attt Lot g0l E £
S 2HE Aol ofFEE B £5E2 13.40%%}. ©]
A dolZ 50% NHE FEE, JEoAH O E £, o}
2T 288 o] &3l HPS IPseint.

11

TS AR SHFEA

Disc diffusion assayO| 2|8t &F&Hd: 2Z9] Gram
() MF(S. aureus, B. subtilis), 2% ] Gram (-) Al F(E.
coli, P. aeruginosa), 2 2] )| F 22l I EAAF(P. ovale,
P. acnes), & 622] Alatol tiste ARTE2 2EE9] disc
SAL A% AE Table 20 LRSItk A4 T42] 50%
qetE FEET oA Ho|E £ 2T Gram (+) w(S.
aureus, B. subtilis)o| A B] 02 ARE3t methyl paraben E
O BE FFUAHL YeRc. o] ATz = 2
3] BT Gram (-) #(E. coli, P. aeruginosa)o] thjAl= 3
B B Aoz et gz dois ¢
3 mF HE5HFS P ovaled] Hiet FFEA o] gli, A=
S P. acnes°ﬂ dsiA e Fadol A= ﬁﬂi LHEf
Wk o] F oHotAEHolE B8 P. acneso] WA
methyl paraben®t} ¢ £ JH4SAHL UEd A2 B
o = NS BHE URZA SE7FA0) 8L
ket 3 P. acnes= Gram (+) w0]7] wj&of 42|
Q2 2FEL Gram (+) 2o o) HeA FREAS et
He ALz 9.
Z|AXSHsE(minimum inhibitory concentration, MIC)
H: Disc diffusion assaylA] A8 5= F F2 =4
0.5 mg/discol A E 948 FREIE Lehdl ALK 7
2370 g3} H 27HA 02 MIC 49S AT

Fl

e e I

287

MR TR B 242 50% AHE &
E F3-S. aureus, 9|2 otAH|

]__ 238 subtlhs, Oﬂgo}}‘ﬂ Ho|E EZ.P. acnes, F 47}
Ao z7Aolth ZzFe] MICE: Table 39 YeSiTh S.
aureus, B. subtilis, P. acnes A|7}A] o] T3t o oAl |
O|E B39 MIC 2 ZZ 625 pg/ml, 625 pg/ml, 1250
ug/mlOz2 R H|WFO 2 A3t methyl parabenk T =
2 FA B HAFT 50% oehE =289 S. aureus
o] tigt MIC: 1250 ug/mlOZ methyl parabeni}t Z+-2
2AFEE UEHY .

MXITHE RESO| Sila 2y

DPPHHE O|ESt Free Radical A7 EHd: gj&o Z}
Aol =EH S o A== ROS|= -OH, ROO-9F 2
o gtz Fo| EFEo] Yk olHT BT L AL A
A e & AAE AT Q7] B v S 2 uhgy
Ehiict. St ze] BOHRAS W5 B §AAAS
£ 279 FeH, dekad HHS ABHIA £42 7
53 A9l By TS fASHA RohA @t o
A2 929 w3t HEEY) gRel, B £A%L 3
B £4S ol F0% adlelt B2 F o=, 10,3
22 ROSE HMZE FA8) AZoelA AQ size 34
ARG oA FAE AA 2 AApitet d4uts

N2

}"T e o rUlO

H
3t

hal

E

Table 3. Minimum inhibitory concentration (MIC, ug/ml) of E.
koreanum Nakai against various bacteria.

MIC (mg/ml)
. Control Fraction
Strain
pmso  Metl - piaee B
paraben acetate
S. aureus - 1250 1250 625
B. subtilis - 2500 625
P. acnes - 2500 1250

Table 2. Antibacterial activities of E. koreanum Nakai fractions against bacteria.

Size of clear zone (diameter, mm)

. . Control conc. (mg/disc)
Bacterial strains

Fraction conc. (mg/disc)

Methly paraben Extract Ethyl acetate
DMSO

0.5 2.5 0.5 2.5 0.5 2.5
S. aureus - - 12 10 16 15 19
B. subtilis - - 11 - 12 10 13
E. coli - 10 18 - - - -
P. aeruginosa - 10 18 - - - -
P. ovale - 18 24 - - - -
P. acnes - - 14 - 13 11 18
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100 -

S <)) [+
o o o
L

N
o
1

Free radical scavenging activity
(FSCso, pg/mL)

50% EtOH EtOAc Aglycone (+)-a-
extract fraction fraction Tocopherol

Fig. 1. Free radical scavenging activities of extracts of E.
koreanum Nakai and (+)-a-Tocopherol.

= MAAA AA oz 25 AT ol 23t &445
t-’¥7l A3l BA WolAe (H-a-EZHE 59 FASHA 7}
srize] o 72 BEole] AL FAN, o
o} o] Bz 27 S Yoluy] 3| A FRR
&2 DPPHS} HHSA| A Hokth ojgf HZE2d 2+ (+)-
o-EFHES ARSI

37HA] 289 AATFEE FEEL H)-0-EZHEY free
radical 24 A (FSCso)2 Fig. 19 e ATt 50% o et
& FEEY FSCs2 75.25 £3.75 ug/ml, o 2otA o] E
B30 4940+ 1.80 ug/ml, o}Z 2 E B3 44.95+0.45
ug/mlz SHRIE et W o] Al2uhg B3 sh= 783t 7
LA gAsHA ¢l (H)-0-EZHE 9] FSCse2 8.98 £2.93 ug/
mle 2 AT HE FEE v AP =2 g &4
Yol = ALz AT webA HATFAEY 50%
e FE55, ddotEH0|E £, of2d & 28 2F &
Oz 274 5892 JAT H)-a-EZHERTE= Z40] Eo
Ae Aoz S

Luminol LZHES 0|88 Fe**~EDTA/H,07|0l U0
M ML A7 SH(EEUEES): gRE7F YA =
29 AU A= kst ROSEC] AAE7| wj&o] o
ROS| thgt FA412 el 24 B85 Fste AL 8T 9
o E et o “fmﬂfﬁ“ thFgt ROSE A/4A1717] $
3 A Fenton ¥H-2< o] £3}9t}. Fe’-EDTA/H,0,4 & ©|

23}l Fenton Hl’—°—ﬁ] 9§ zZ+& ROS (0, -OH 181
Hy00)7t A== 245 vk & ot 0137'“ A/4E ROS

+ luminol& ASA|7| 11 FFE 4o

o) shehdg =8 SN T2
AA=EL 3o g} 9t} E3

7] #13iA EDTAS ARE-5}7] 'THv‘E'.—
Atebsol 9% lelﬂl HE}
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3.5 4
3.0
z 25
2
° =
® ¢ 20
a0 ~~
2%,
©
28 14
o X
(@]
o
0.5
0.0 - : .
50% EtOH EtOAc Aglycone L-Ascorbic
extract fraction fraction acid

Fig. 2. ROS scavenging activities of E. koreanum Nakai
extracts and L-Ascorbic acid by luminol-dependent chemilu-
minescence assay.

A8t 58 SAE = A Edh v EdEE AW
Hol FASHA| 2 & A L-ascorbic acidES AHE-3515th.
HATEE FEEY ROS 274 B4 F FAtets, 0SCso)
< Fig. 29] YU 50% olEhE :&E2] 0SCs
9.46 £ 0.06 ug/ml, o] oA E|o]E B L 311+0.12 pg/
ml, ofZgE EFL 145+0.02 ug/mlE e L-
Ascorbic acid®] 0SCsp2 1.50 £ 0.85 ug/ml S 2 3215} ¥ o
E]'E]'/‘J] Z F4s Y2 of=2EE £ > 50% AgE S
£ > o EotAH 0| E £ A E YT o dotAlH
OIE H3)2 L-ascorbic acid2t} ¥ & A A1S U
B o, 50% oeE FE5ET o222 £82 L-ascorbic
acid9] & YA L83} SASE Ao 2 Hol A3 ROS
27 o] 88 shsrc

'0,02 REE Al Mol mtujof st MEZ 25

PhotohemolysisH-& 0|83t AEL Alge] FYLE o]
st7] o] £ o A2 55 F9% 5 A A
Aol W& 2SI 10,0] 2 PR HIL R7HH o2 T
& ROS7 A H ). o] 23t ROSSS A ZE £4M47|3 1t
YA 7|, A27F FEH = dee AE SR
HAANTER FE2E AZ B3 598 ST 5 A
Adole ¥ FSadAEe] A=, o= s LA
Ste F54 vhe-E Aol frste dubAl ROS A4
o vla] o {1 waA ROSS AT wetd AxT74E

]_
EZE AEZ B35 838 S5 A2 A ZH
x

?ﬁ

oy ol

o3

1274421 rose-bengalZ $H3-3t AEF FENO 15 min
% 2Asle] 10,02 $EH 427 $2o] 4eE 4
S35t A8 94 g2 dE22Y F JEF A



Antibacterial and Antioxidative Activities of E. koreanum Nakai 289

200 +

=
wu
o

50 4

10N

50% EtOH EtOAc
extract fraction

Relative protective effect for erythrocyte
(tso, Min)
i
o
o

B

Aglycone (+)-a-
fraction Tocopherol

Control

Fig. 3. Cell protective effects of extracts from E. koreanum
Nakai and (+)-o-Tocopherol at 10 ug/ml on the rose-bengal
sensitized photohemolysis of human erythrocytes.

27} 50% T ==t Al A7) ¢ 3141 min® &
UElgth A2 NE BS a7t E42 150 A e
Ut vz EAZLE AZ RS 537} Qotn g8 A 9=
A& FAEA Rl (H)-0-EZH EF AHESHATH A AT E
Z 50% o&E FEF, 2ot H o E &8, o} F & &
gL 5 ug/ml, 10 ug/ml, 25 pug/ml, 50 pug/mle] = Yol
A % &AL 15 FE RAFHUHEE BAA]). 10 ug/
ml FEE 7|F22 3l AR TFz A 7HA] BT} (+)-
-EFHF 15 Fb= H LS TH(Fig. 3).

HATAZR FE2E T AdEoMAHOIE £EY 1502
31.6+0.5 min® 2 X2 v w3 S ust fx B
aE Yef A gttt ¥ 50% A®E FEE3 of=
g2 BY2 AZ BT 517} Yl AL 2 FRIE . 50%
NetE FEE9] 1502 37.0+0.3 minC E B ZEAZ A&
e (H-0-EZH ETH (5 = 38.0 + 1.8 min) H]T /S U
Rt ol 222 289 1502 16591 7.2 minO 2 HE &
g9 H-o-ERZHEL B usgE o 5T AEZ BT
5 FRlstgt. YRt o R o] AAH ot £F¢
AEEol Fol ZFH odotAlHolE € 50% TS 5

A&l vls) vSAE g7] g 2o, vlS4% A2t
F22rgo] AT Ao R AAJHT. gabA ofFE 2
Slo] YFe AEZ BT s vetd A2 o3t v =
21 Aow 253 & 4 Ut

ok Hr oN mv 1o foh

do

2, o & o
1o
o
[

]
et

o QTN S AATEE 25B G £t 2
A BHS ZHTO

& St ANTIR 50% o F2E, oot
AEjoE B2, olZe|2 88, F AZHE 88 20 o

St A AHS APsigict.

M oR 4 TY2 22E0| FT FHS 2 of
BE otz Y3 S. aureus, B. subtilis, E. coli, P.
aeruginosa, P. ovale, P. acnes, & 67}A T FAA g0 i3]
disc diffusion assayS X135}t o dolA|H o] E H3F o]
M| 7}A] Gram (+)4F(S. aureus, B. subtilis, P. acnes), 50%
NetE FEE0] S. aureusol] ite] w2 Fo AAE 7
© AL Gkt 53] oHoAH| 0| E £8o] qEF +F
(P. acnes)d} olEHE YO 7= ETLEAFLA(S. aureus)ol
o =& 3+t ANE UE Yled ol & S8 AAFdE=
7 AA BRA oot EF, otE Y MG E
224 & 5 AZ Aol qdE

2o 2= gRoA WS thget ROSO| gt g4t
3t adE S Holtr} vlw 3 QHAgt 2t Zel DPPHS
o] &5t grFd &7 B4S AW ESIT o2 E £89
gz 27 AL HEEL R AME (H-0-ERHERET
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