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Acne vulgaris is often associated with acne-related bacteria such as Cutibacterium acnes. In this study, we investigat-
ed the antibacterial effects of the methanol extract of the algae Ecklonia cava and its solvent-soluble extract against C.
acnes. Among five solvent fractions, the ethyl acetate (EtOAc) fraction exhibited the strongest antibacterial activity
against C. acnes. Furthermore, the EtOAc-soluble extract exhibited the highest total phenolic contents among the five
solvent fractions tested. The EtOAc subfraction 07 (Fr. 07) extract showed the highest antibacterial effect against C.
acnes and isolated C. acnes along with minimum inhibitory concentration (MIC) ranging from 32 to 64 pg/mL. Ad-
ditionally, MICs of antibiotics against antibiotic-resistant C. acnes strains were substantially reduced when antibiotics
were combined with Fr. 07, suggesting that Fr. 07 restore the antibacterial activity of the antibiotics. The fractional
inhibitory concentration indices clearly revealed an additive synergistic effect of Fr. 07 with antibiotics. The results
of the present study suggest a potential role for E. cava in the control of infections related to acne vulgaris.
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o] HekAQl aglef o5 WAsh= Aoz A A k(Ko et
al., 2018). T FAA - Fol|A] o] E2 GHF Q0] jHF o2 o
Z Cutibacterium acnest= 3] 5-2] ZAr ]7}—5—01] Z3)A)k, 1w
G oA TEsiA] 418 1] 2] 9] triglyceridesS 7F-3l

M OE

AEES 4, &, 7HS S 22 FofollA] HAshs 2
A4} Hsl(pilosebaceous disease) -2 X (papules), &3E

(pustules), F5(cysts), 24 (nodules)?t 22 theFgh w0l
LARITHWon et al., 2011). A =52 Qo 2= #4490 ¢
oL, Wme} AEEA, EER BRE, Edt 54 B, 1)1
Ao vl s, vl Ao $4 & TRt 89S

3 mut ofe} g AEE shaste] HEHoR Mo ¢

=g grgonn o=ge) el QA 2EFTHKo
etal., 2018). @A AEE x| 72of| AR E = HH2 AHZo|=
T g 9 ujektl A SEAZE ARSE T QlhKim et al.,
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294 ek - FEY - S50 &

2006). == benzyl peroxide, clindamycin doxycycline, eryth-
romycin 2! tetracycline®} -2 A7} Wol AMg-E 11 gl e
U, 95 A x2S, 5 A4, 154 95, Aol gt W
Al WAl Sap ke Hzkg o] B %3 QIt(Won et al., 2011).
whehA], YA O] 85 2L AR RS 2] 48tel7] fiske] o
A FAA A o 4= Q= A= el 22 FEo digt A
71 Qs A o|th(Lee et al., 2021). 3 2F+= THEES] X
HPAY, o 9 HjEk o] 3l {EF oL 2} phenol/tannin
F, terpeni, &2 75, alginate, fucoidan 52| thdF 7|54
A4S Foto] AR, b, b, 3 9 Fad
W S EE Aq7HA 71s sl e e m 2 Al
27 AFY 0 & FEuby 9t Athukorala and Jeon, 2005; Heo
and Jeon, 2005; Cha et al., 2006; Kim et al., 2006). 3] 25 5
ZYell(Ecklonia cava)y= 2% A& ThA|ulE(Laminariales) o]
ozo] A2 aA Selutat Eajea AR Tajo] da) A
3131 9JtH(Cho and Choi, 2010). @RJ712] 1315 Zhejol] ot
A2 = lipase A 3124 (Jung et al., 2011), tyrosinase #]3}&
A(Yoon et al., 2009), &AFsH Athukorala et al., 2006), &85
(Jung et al., 2009), &<HKong et al., 2009), et 2 gt
tr(Lee etal., 2009) 5] A 22/ o] HALE QAT o ==t
ot Q17 ob 4] wa)k AlAo|ch. 3, 2ol = methicillin-
resistant Staphylococcus aureus, Listeria monocytogenes -2
T8 atol el A= YA 2ol 23t synergistic
antibacterial effecto]] T3+ H117} Q)2 C acnes?] 7 0|9
ok S5 117} 5] SFckEom et al,, 2015).

whebA. 2 Aol A= o =F Al C. acnes®] T E) 22
ol et drEdS ERIsklar, 8A o gt W& 7HA]
=] sl tieh A 22 X7kl o3k Al

e
o] 98] 850 Tet A5 AT,
HE U Y

AJes

o Tto]] AFRH 2 A]9F0 & methanol (MeOH)S DAE-
JUNG Chemical & Metals Co., Ltd (Siheung, Korea) 2] Al &2
AR5 20, n-hexane (hexane), dichloromethane (DCM),
ethyl acetate (EtOAc), n-butanol (BuOH) SK Chemicals
Co., Ltd. (Gunpo, Korea)ollA] F-¢13}¢it}. Chlorampheni-
col, ciprofloxacin, nalidixic acid, oxacillin sodium, penicillin
G, tetracycline®} Sephadex LH-20+= Sigma-Aldrich Co. (St.
Louis, MO, USA)of| 4] £3}ic}. 3L, thin layer chroma-
tography~+= silica gel 60 F,_, (Merck, Darmstadt, Germany)&
ARglsict

METRF

254

k=] A= H 2 A E| (Korean Culture Center of Microorgan-

isms, KCCM,; Seoul, Korea)ol| 4| -2 3t 241 C. acnes
KCCM 417479} Z7distu e A3 (GNUH-
NCCP; Jinju, Korea)ol A &¢F ®F-2 25-9] A4t Eelo7(C.
acnes isolate P02875, P04697)5 & AA7Lo)| A ARE-51%iT). C.
acnes w5 M%< ¢J3ll GAM (Gifu Anaerobic Medium) Hlj %]
(KisanBio, Seoul, Korea)= ©]-8-5}%11L, CO, incubator (WS-
180CA; World Scicence, Bucheon, Korea)ol|A 37°C &7]%
02 24Xkt whepstelch. 2] 44 2AolA A A
EO| B 1AlE BA3] el C. acnes®] v A S GAM
agaro]| vl Fs}o] colony forming unit (CFU)9| <=5 AA3}%
TH(data not shown).

de =522 S22

2 Aol AREE A=Y AJH e AEI(E. cava)y= 44
#(Seoul, Korea)ol| A Fulistet. Az el 100 g 1 L
9] MeOH (DAEJUNG Chemical & Metals Co., Ltd)S 7}t
% heating mantle (MS-DM608; MISUNG Scientific Co., Ltd,
Seoul, Korea)= 65°Col|A 3A|17H] =&35}9itt o] A4S 3
3] ukE slo] &S ol 40°Cof|l A 78] HEE7](R-210;
Buchi, Flawil, Switzerland)E- o]-&-3}o] s=31%tt 555 1
e 3550 = 1 LE ¥ £927]|E o]&-stojhexane
(SK Chemicals Co., Ltd.; 1.0 Lx3), DCM (SK Chemicals
Co., Ltd.; 1.0 Lx3), EtOAc (SK Chemicals Co., Ltd.; 1.0
L x3), Z18]22 BuOH (SK Chemicals Co., Ltd.; 1.0 Lx3) &
oo SolRelS AXSATI(Fig 1). 220 SojRslE
2 45°Cof| A F3]A5=7](Eyela Co., Tokyo, Japan)E ©]
galo] 524171t
Ethyl acetate 2028 F g 229 22

714ttt Al o] =& 71e ] ethyl acetate fractions sepha-
dex LH-20 open column chromatography (10 % 120 cm)E- ©|
-8-5to] chromatography& A A| 5113, silica gel 60 F,, (Mer-
ck)E AE-3lo] 7709 AE- 8 (sub-fraction) 2.2 2FH 5}¢ T}, 7
709 fraction2 A7 159 E£24-5(C. acnes KCCM 41747)
@} 259] A|g -+ (isolated C. acnes P02875, P04697)% 3+t
2432 sholatgct

g2 Folin-Denis#-& 47 74 5ko] 24513
thLee etal., 2011). 3|4 ¥ &5 A& 0.1 mLo]| 0.5 N Folin-
Ciocalteu reagent (Sigma-Aldrich)E 0.5 mL-& 7|8t &3}
3 & 387} Al Lo uR2-A]F T T2 20% sodium carbonate
solution 0.4 mLE 7}5}o] &3t & AlLof 1A]7F W] gt o}
+ YA 228 AABFIEH1600 g, 8 min). AFSHE Foto]
Versamax microplate reader (Molecular Devices, Sunnyvale,
CA, USA)Z 760 nmof|A S =E 4515 a2E54=2
phloroglucinol (Sigma-Aldrich)®] ZTFHe24-S 21451
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Ecklonia cava (500 g)

| methanol (70°C reflux for 3 hr. 1 L x 3 times)
MeOH extract (78.15 g)

| n-hexane

Hex fr. water layer
3829 | dichloromethane
DCM fr. water layer
(3.15g) ethyl acetate
EtOAc fr.
water layer
(8.86 g)
| n-butanol
Sub-fr1 Sub-fr.2 Sub-fr.3 Sub-fr4 Sub-fr.5 Sub-fr.6 Sub-fr.7 BuOH fr. H,O fr.

(19.63 g) 49.92¢g)

Fig. 1. Isolation and purification procedure of antimicrobial substances from Ecklonia cava. MeOH, Methanol; Hex, n-hexane; DCM, Di-

chloromethane; EtOAc, Ethyl acetate; BuOH, n-butanol; H,O, Water.

FEEY T EYus dde A9AY AU AS AR
o] A 2™, mg phloroglucinol equivalent (PGE)/go.2
EALT L
Z|A XM s=(minimum inhibition concentration,
MIC) 2%

Egatol tigh s 27 FE=ol tiet 2|4 9A] 5% (mini-
mal inhibitory concentration, MIC) Z7J-2 clinical laboratory
standard institutes (CLSI, 2011; formerly national committee
for clinical laboratory standards)$] @4 A vl 2] 5] 4] ¥ o] u}e} A
Alet gt A7 Z-2F2] Al = Mueller-Hinton broth (Difco,
Detroit, MI, USA)ZE 3Al5t9a, Ald+9] 2= 1x10°
CFU/mMLY] ==& dEsle] 431%™, Mueller-Hinton
broth (Difco)E ©]-8-5}o] e144 0 & 21 3]4] (broth microdi-
lution method)}o] 512 ] 1912 Aakoic}. 37Col A 24417
ok ujoret B, 0] A4S BT 4 Gl HA RS MIC
= 2t

st Al X| E1Hantibacterial synergy effect) &8

C. acnes©]| tj 3t sub-fractions (Fr.1—-Fr.7)x} 3} #) 7k] &k
AU A] A3}= fractional inhibitory concentration (FIC) assay
(Hsieh et al., 1993)E ©]-8-3F checkerboard "' (Norden et al.,
1979)0.2 chg WA Alo] w2} Akt odet,

FIC index=FIC,+FIC,~(C,/MIC,)+(C/MIC,)

MIC, &} MIC, &= 7k7} A (A2 B (EtOAC sub-fi)9] o
£ MIC glo]f, C,9 C,= ASF BE 85158 o), b 75

of el 7HAIA B A} BS] -84l w2 oo]gict MIC,
oF MIC,E THi¥ste] A7 avke] WeIS vehd 4 9l
FIC indexE AX3It}. o]df FIC index <0.5+= synergistic,
>0.5 to <1.0- addictive synergy, >1.0 to <4+= indifferent ~1.2]
31 >4.0-2 antagonistic > 2 713 Lee et al., 2008).

SAXzE

BE ABE 38] o] 4 92 AAsom 1 ATk SPSS
2 130 (Statistics Package for the Social Science, Ver. 12.0 for
Window; SPSS Inc., Chicago, IL, USA) S 2 BE-A43}¢th Al &
749914 714-& one-way ANOVAS o] 8310 1-41319] 0 0]
P<0.05%]| 4] Duncan's multiple range testE A A5} 2 -9
SO A5 AT

Znt W DA
el MeOH %52 80 2829 & Z2/ns 83

A E L] HlmAd 42 gallic acid T+ ellagic acidZ2H-E
e shAIRt, s s 2572 #HlsA =42 phenolic acid} 2
Hegt EAHE phlorotannins 5 W9 EA45E -9 2 AF
F 7HA+= 3FE7HA] theFstH(Gupta and Abu-Ghannam,
2011; Lietal., 2011). 9= 3}5h=2 E4 4221 phenolic hy-
droxy”| & 7HA 2L 917] wiizoll A0 4 H ke A =310
+Ho] H= AR ol &4 v A] 4keREgo] A
AEHA Ak 9 S 7HIA He AR dEA gl
CHKim et al., 2005). el 55 9 ZF g0 23] A&
AEdES st flell & &= % Folin-Denist 2

flo do

it

o}or
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= Z75F3ick(Table 1). & Zo]#= TS 7 MeOH =
Z%o] 111.54 mg PGE/go|gl o, & B3l & EtOAc
£3l0] 698.95 mg PGE/go & 714 =4 Uehgon DCM
(322.61 mg PGE/g), BuOH (216.45 mg PGE/g), Hex (79.59
mg PGE/g), H,0 (8.45 mg PGE/g) 3] <=0 & uelyict. o]
23t A= Zhefo] B3] 2 EtOAc 230 714 & & &4
& S 7t 7129 A 2as YAshe Ao ®
Zholw| A th(Lee et al., 2014). whetA], EtOAc B8 oA 714 =
< ZPHlE S Hol= A& gelstelon, o] 544
of oJ3f) E&lH E3E F EtOAce] §all== vl 3HhEol

FE Q7] o 2 shobE

ZEf MeOH F=&22| f 28l22| C. acnesol ChHst
StASIAM

o220

2o MeOH 3227} $u) 22)22] o] =8370] gt 22
Aol ses =43 A1}= Table 29} At} 35 o5 C. acnes
KCCM 417478} 44 H2] 2%(isolated C. acnes P02875,

Table 1. Total polyphenolic (TP) contents in Ecklonia cava metha-
nolic extract and its solvent-soluble fractions

TP content
(mg PGE'/g dry weight)

111.5445.35¢

Ecklonia cava extract &
its fractions

MeOH extract?

Hex fr. 79.59+2.33°
DCM fr. 322.61+7.26°
EtOAc fr. 698.95+31.87°
BuOH fr. 216.15+3.75¢
H,O fr. 8.45+0.08"

'PGE, Phloroglucinol equivalents; MeOH, Methanol; Hex, n-
hexane; DCM, Dichloromethane; EtOAc, Ethyl acetate; BuOH,
n-butanol; H,O, Water.

Table 2. Antimicrobial activity of solvent fractions from Ecklonia
cava against Cutibacterium acnes and isolated C. acnes

MIC' (ug/mL)

E. cava extract &
its fractions KC% “7021‘9;47 Iso;it,‘,ags ¢ Iso;ecn:t:gsc.

P02875 P04697
MeOH extract? 256 512 256
Hex fr. 128 512 128
DCM fr. 64 256 128
EtOAc fr. 32 128 64
BuOH fr. 64 256 128
H,O fr. >1,024 >1,024 >1,024

MIC, Minimum inhibitory concentration; *MeOH, Methanol,
Hex, n-hexane; DCM, Eichloromethane; EtOAc, Ethyl acetate;
BuOH, n-butanol; H,0, Water.

o

CALE - AYE - gy

gl

P04697)] tigto] 3ate/dS 5743 41}, EtOAc +90]
32-128 pg/mLo] ol A S-S AAAIA 7P 745t gt e
< ®H9om DCM 9 BuOH (64256 pg/mL), Hex (128-512
pg/mL), H,0 (>1,024 pg/mL) 28 02 52 Ftee
ERRich 2 A-toll A e MeOH S5 25 8l o] S42}
o]l 2J3 Hex, DCM, EtOAc, BuOH, ¥ H,0 £ &2 ¢o] g}
w2dE S A3t HlmA el &8l = EtOAc 8
o] 7M=& g+t S Hol= A& ERIskITh o= 71
=0 gehi §HkS 714 EtOAc £3o| 714 =2 34t
OB M= 71E A Aifel Bk Ao SRlE et
(Lee etal., 2014).

i

ZER EtOAC BOHEE| &&= sub—fraction®l C. acnes
S SEA
o0
2 P2 S e EOAC 23
o =g ol et FaAd sk
cnes KCCM 417479

N
ol
f

flo ook
off
oy
1E ©
o ™
T
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o
“9
o
M
o
EN
N
)
o
=
<N
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o
o
)

acnes P02875, P04697)0]| T 3}o] sub-fr. 70] 22+ 128 pg/mL,
64 ng/mL O] F ol A 717 7k et gt el B lrh. whehA] 2
EtOAc €1 53] 225 sub-fr. 1-7 Zol|A] 7V =2 3}t
< 7H4 sub-fr. 072 C. acnesol| tieh W2 2= A2
AU A] A 1HE B|aL #A8ESI T

C. acnes 22|dF2| M| LA

Chloramphenicol, ciprofloxacin, nalidixic acid, oxacillin
sodium, penicillin G, tetracycline 2 3|5 B W o=
= x| 7of AME-FHth(Ravenscroft, 2005; Han et al., 2010). 3}
ARk, A o AREE AL Yl Aol tisl 1l R ato]
FAA WS T 9 202 85|71 QJrkPlaller et
al., 2006; Lee et al., 2014). o]o]] & Ao H= H& 45 C.

Table 3. Antibacterial activities of ethyl acetate sub-fractions from
Ecklonia cava methanol extracts

MIC' (ug/mL)

Ethyl acetate
sub¥ractions KC%I\?CZ%S 47 go;ifgs lcs.o;actr?gs

P02875 P04697
Fr. 1 256 256 512
Fr.2 128 256 256
Fr.3 64 128 128
Fr. 4 64 256 128
Fr.5 256 512 512
Fr.6 256 512 512
Fr.7 32 128 64

'MIC, Minimum inhibitory concentration.
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acnes KCCM 417472} YA+ B2 - 2% (isolated C. acnes
P02875, P04697)0ll that 652 S8A #d 2elstarat
31 tH(Table 4). YA WA profile Clinical and Laborato-
ry Standards Institute (CLSI, 2011)2} Sowmiya et al. (2011)E
H| 1 5}o] MIC breakpointS B| 5435139t} C. acnesol| o gt
g A 2] MIC breakpoints+= chloramphenicol (=32 pg/mL),
ciprofloxacin (>8 pg/mL), nalidixic acid (>2 pg/mL), oxacillin
sodium (>1 pg/mL), penicillin G (>2 pg/mL), ZL&] 1 tetracy-
cline (>16 pg/mL)Z &1 = ATHCLSI, 2011; Sowmiya et al.,
2011; Blaskovich et al., 2019). C. acnes®} isolated C. acnes
P02875, P04697¢] st gAA| 2] MICE 57435t A3, chlor-
amphenicol (24 pg/mL), ciprofloxacin (<0.25 pg/mL), tetra-
cycline (4-8 pg/mL) 2 Z+ gAY A| 2] MIC breakpointE 54|
AozA A e A 71 QA S A0 et
itk 1AL, C. acnes?} isolated C. acnes P02875, P04697
ol tfj$} nalidixic acid®] MIC break point+= 8-16 pug/mL, oxa-
cillin sodium-2 4-8 pg/mL, penicillin G2 4 pg/mLO = &
A A3 vrErsie A WA et Aleshr] SISk
A FAAE H-Esto] 7]E A9 FHBA S B EAT]
7] 993l, e EtOAc €183 2&5 sub-fi. 077} C. acnes
of thst WA zt= 3 A (nalidixic acid, oxacillin sodium,
penicillin G)2}2] H§-8-of] &J3t 3+t 2/ ©f A A] A}of| thgh
ALE 35t tH(Eom et al., 2013, 2016; Kim et al., 2015).

ZEf EtOAC SU12E FESsub—fr. 07 2t SA4K|eto]
AUX| &1

7V @t B/l =9td dEf EtOAc &1 2 sub-fi. 07

I} C. acnesll WA-S YERH 3 A (nalidixic acid, oxacillin
sodium, penicillin G)2}2] B-E- o) 2J3t Al A gt a vt
£ FIC assay= +415}9]t}. Table 504 Uebdl AAH 15
= C. acnes KCCM 41747+ 3%2] A A|(nalidixic acid,
oxacillin sodium, penicillin G)oil thgt A4S Lehfar Qlck,
3}A|ak, 7He) EtOAc |15-8] sub-fr. 07 (32 pg/mL, 64 pg/
mL)& B8 ARSI S ul, 34 C. acnes KCCM 41747
of o gt nalidixic acid®] 7k 8 pg/mLof| A 1 pug/mL, 0.25 g/
mLE 7}7) 8uff, 328 W& Feol A o] FA1 A 4= 3l
¢Jtt. Oxacillin sodium7-$-, Z1e] EtOAc &3] sub-fr. 07
(32 pg/mL, 64 pug/mL) S 54720 ]3] MICZE] § g/l
oA 1 ug/mL, 0.5 pg/mL= 8ul|, 168 W2 s=oflA o2 5
212 A5 T}, Penicillin G2 MICEF 4 pg/mLof|A] 1 pg/
mL, 0.5 pg/mLE 44}, 84} W oA 2] F4]2 ojAst
= Sl o gt A¥E uiEto 2 2} EtOAc 87122 sub-
fr. 07 (32 pg/mL)¥} nalidixic acid, oxacillin sodium 12|31
penicillin G2 FIC index& AlAFet 23}, %7 >1.0702 e
¢17] W&ol C. acnesd-ll T3l indifference”} e = A 02
grolw et ZEl EtOAc 4153 sub-fr. 079 =5 64 pg/
mLZ 3}o] FIC assayS A A51592 W], 3% 2] gAY All(nalidixic
acid, oxacillin sodium, penicillin G) &5 >0.5 to <1.09] #+=
UelY o] C. acnestoll t 3l additive synergy & 3}2 3ol sic},
o]t additive A= 415 C. acnes KCCM 417472} £
2]++F(isolated C. acnes P02875, P04697)0]| A E-olgk 4= 913}
o}, o] e] A=, | FE= A B8 AN A
Al e 7 o =Fwto] Aol thgt o] 2% Sl
i, ol= oM thE At A= YRSz A o= FRlE

Table 4. Minimum inhibitory concentrations (MICs) of chloramphenicol, ciprofloxacin, nalidixic acid, oxacillin sodium, penicillin G, and

tetracycline against Cutibacterium acnes and isolated C. acnes

Strains MIC (pg/mL)

Chloramphenicol  Ciprofloxacin ~ Nalidixic acid ~ Oxacillin sodium  Penicillin G Tetracycline
C. acnes KCCM 41747 4 <0.25 8 8 4 8
Isolated C. acnes P02875 4 <0.25 8 8 4 8
Isolated C. acnes P04697 2 <0.25 16 4 4 4

Table 5. Minimum inhibitory concentrations (MICs) and fractional inhibitory concentration (FIC) indices of ethyl acetate sub-fraction 07 in

combination with antibiotics against Cutibacterium acnes

Nalidixic acid Oxacillin sodium Penicillin G
Strains MIC (ug/mL) FIC index MIC (ug/mL) FIC index MIC (ug/mL) FIC index
A B C b c B C b c A B C b c
E'C?:CI\'A76431747 8 1 025 113 053 1 05 113 056 4 1 05 125 063
Isolated C. acnes P02875 8 05 025 1.06 0.53 05 025 1.06 0.53 4 1 05 125 0.63
Isolated C. acnes P04697 16 1 05 106 053 1 05 125 063 4 1 05 125 0.63

A, Without sub-fr. 07; B to C and b to c, sub-fr. 07 at 32 and 64 pg/mL, respectively. “The FIC index indicated synergism <0.5, additive >

0.5 to < 1.0, indifference>1.0 to<4, antagonism>4.0.
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tHKim et al., 2015; Nshimiyumukiza et al., 2015; Eom et
al,, 2016).

o) fof &3] YR ol =59 Ay Y12 HEskA 1+
=R Fotout, g Al Tl C. acnes7t AEF
W A #S 7Tk g A ik 2T 3A8A1 2 o
Sh g A Bag- 0 = Qlg vk o) ar Qg thA| 34y
A ke 4= Qe AAE fef E4o st A =rt S

ol theh &t a3 AT T Hf 222 v 2=
Zo|| A Z4eff EtOAc 8123 &5 sub-fi. 070] C. acnes &
Eeatol thgk MIC ko] 32-64 pg/mLE 71 F ol 3t
A8 YERYQIL) E3E C. acnes7t WAS UER = YA
nalidixic acid, oxacillin sodium, penicillin G2} 7]} EtOAc &
U} 222 sub-fr. 07310] g 2lo] elg g AlUA] &
= AT Nalidixic acidd-$-, MICHo] 8-32uf 4
=213 oxacillin sodium-2 8-164}], penicillin G2 484} W2
FroA = A 4= AUk AH EtOAc §viEe] ==
& sub-fi. 072} o] A3 AI2e] -84 24| FICEEe] >0.5 to
<1.09] g+ YE o] C. acnesytoll tial additive synergy &
312 e itk webd, 2 75 Be o =83 peiE Ay

o) i) A A ZH e 2E20] 7Fs AL SIS it
AL AL

B QT AR 4H REAIR)0] Yo FEHTA)
tho] X912 Hho} 223 @1 7L(No. 2018R1C1B504380613)0]
o, S HPAEA AT ATA (2022M00500)2] X 22 4t
of == QiU ool ZAL= Uk,
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