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ok B A= 2Ry U7ay 2 ko] £83 o2 AALEIA R 9l R5(Dryopteris crassirhizoma Nakal)& )&
&ted Propionibacterium acnes® 3 A7 EAH & Hristy, o8 EUR d5g A4 2 A5 FHH FFF LAE MLt
=d 2 BHof 3tk P. acnesol W& 2% crude FEF 2 FAEEHE9 minimum inhibitory concentration (MIC) 2 paper
disk diffusion assay® T ZHE A Her, 58 ta 25 % pH W3] mE IHPS Hristdch FEEE o8
& P acmesd] A3 MIC g2 #% crude 252 0008 mg/mL, 45552 0001 mg/mLE SAHJoH, o] fEFLE
A3 FAAQ triclosans] MIC #(0.004 mg/mL)# ¥ & o A&7 FF crude FEE R A4 FYEYS Lty o
2 @Al e Ao HiEHUY F5 29 tF paper disk diffusion assayS 3 A 2T E AL triclosan®
iy}, =& BA4E Yehe AR 2A4HYon, HaCaT AR tid 542 20 ug/mL ¢l3+e] FRoMs vepbA gkotel
HE22E0] 2% pH GALS Hrigk A, 25 70, 80, 90, 100, 121C 5 vhddh &% 273 pH 2 ~ pH 119 ¥l glojA
E I &%c] ¥eA 22 HE AHE fAHE ReE R

Abstract: Propionibacterium acnes have been recognized as pus—forming bacteria triggering an inflammation in acne. The
present study was conducted to evaluate antimicrobial activities of Dryopteris crassirhizoma Nakal against these etiologic
agents of acne vulgaris and application possibility as a cosmetic resource. D. crassirhizoma crude extract and hexane
fraction was prepared and its anti-acne effect against Propionibacterium acnes was investigated with minimum inhibitory
concentration (MIC) and paper disk diffusion method. The MIC of D. crassirhizoma crude extract and hexane fraction was
0.008 mg/mL and 0.001 mg/mL, respectively. This implies that D. crassirhizoma extract may be an efficient anti-acne
ingredient for cosmetics, as a crude extract. The paper disk diffusion assay showed that its anti-acne effect was similar to
that of triclosan. The cytotoxic effect of D. crassirhizoma extract was determined by a colorimetric MTT assay using
HaCaT cell line and D. crassirhizoma extract exhibited lower cytotoxic effects. Finally, we examine the stahility of D.
crassirhizoma extract to temperature and pH. The D. crassirhizoma extract was very stable to high temperatures (25 ~ 121
C) and to wide pH range (pH 2 ~ 11), suggesting its utilization for cosmetics.

Keywords: dryopteris crassirhizoma nakai, antibacterial, MIC, propionibacterium acnes, cosmetics
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=g TheRs 5 v 3 wydRld o3 B
1 x| M(pilosebaceous follicle)?] HFEA Aoz I,
B 59 oA dAdc g A dReRE
9z &89 7k gAde vASHQ 7 s 1
nibacterium acnes® tF F4 2 A5 Fol gtk
(1. ,

Aru] 59l pilosebaceous unitoll= ITHYA, coagulase
24, 3714 AT Staphylococci, Micrococci®t lipo-
philic yeastE<l Pityrosporum ovale 2 Pityrosporum
orbiculare (°}€ Pityrosporum speciesi= Malassezia fufure
2 Malassezia species® AEF), 74 w#F P

acnes, P. granulosum 5o} ZA3H, o|& ¥#5E59 &
Aol ol oJ=geoz WAsHA Hed, 53 ¥4
Fol P oaesol g3 AAH 2 Fge] dAFdbso] #

ZHE2].
g9 vjAgdA] ZAgel o3 sx Agel FIt
A H¥ P acnes?t colonyE 484 H1 2248
acnesc lipaseZ HH[3ld] EWux]AMofA FAA|H
Aoz Eafiste 43S do
leukocyte chemotactic 1AMEE A4 B3t ol&
Aol o8] REHAHoE2 Eol€ leukocytedl &30
Axzt A8z, EHow Ny dFWEE &
Al @t Staphylococcus epidermidis 2L 3714 T
< dF9 o) HA= FAT FFo] A =
8oz gl A=Es o 4N
W2 P ames7t HEA A=g 9

A9 aEs g
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A7 71 Bol AMEHT gle Aot dxA F2
AHEEE BAAE-S benzoyl peroxide, retinoid, triclosan,
tetracycline, clindamycin, erythromycin %°] X%k, o]
E A digh Ty Edoly 22, 37 &4
quks 53 22 Rage] 2 EAZ UFHI e 4
AoltH4-6]. olgld EAHE FE] ko HZde

EshtEas A, A 32d Al 3 F, 2006
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of oigk A4
Wz A, 5 U SxE
AFAE o3 73 3
oJtH7-11]. AAEL
P acmesoll W3l A Fd8HE 23 d&
vl 9lem[12], o] d¥o] X¥dd q=F #H FF
gk Aol AFY Fo 9ok

AZ(Dryopteris crassirhizoma Nakai)& DAL E ¥
nlib(Aspidiaceae)dl] £33t ThdA T4 FAFEA
g, dE, T 59 AAY Aoy s ¢ %
Az o HARY AR ALEEHY 2 AF
Fa AR 9 39 filmaroneS FEEIHA} g A
o= g on plavaspidic acid AB9} plavaspidic acid
PBE X 9ol o &7=8o] 739, wogonin,
baicalin %5 flavonoidAle] A&E°] R U[13],
T3 #Fo d522EA9 & Herpes simplex virus
type-19 digt &5(14] 2 its g5(15]o] LA
Y #AFAE 54 2 AT FF FEo] o] k9o
U 499 33 9 JARGAE Husix] g Ao

2 RuEa JoH16].
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2 A7AE 9% AT o $5E BT 55
230 9 ASR WHZ BF crude $EF0] J=F o
A B e SPE YR AL & 9dEAe Abs
He zAaA o o=E A4 Fadxd P
amesol e G B B5L ARAon, o5 F%
go] P, amesol 93] A4E o=@ AN $58

21. AN = .

A=A TEAFLY] I AEFEE2 Y (http//extract.
pdrcrekr)ol A 95% ethanol& A}&3td FE3 &%
crude extract® T3t Ago] AH&3IH T

2.2 M=ZF I ujjet

A £ (Korean cell line bank, http://cellbank.
snuackr)olAd U human Kkeratinocyte-like cell
line®] HaCaT AHXEE 109% fetal bovine serum (FBS,
Hyclone, USA)e] 3#% DMEM (Dulbecco's modified
Eagle’s medium, GibcoBRL, USA)& ¢] &3t 37T, 5%
CO; =2l A B st
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#Z(Dryopteris crassirhizoma Nakai) &%

2.3. ABTF 9 ol

Propionibacterium acnes KCTC3314E $=A) =28t
AThe FA2 28 (Korean collection for type cultures,
http/kctc kribb.rekr)oll A Eoditol A28k P ames
= reinforced clostridial (RC)®¥IA](Merck. Germany)©ll A}
wlokalg o™, P acnesE master plate® TS| 4T
BasHA AR 3¢ E4FAHT. TS RC wlA|9
HZE3 % anaerobic jarolA Gaspack system (Merck.
Anaerocult® Gaspack system, Germany)g ©]-&3te] o
B33 37T incubatorell A 3 &<t @14 kst

rotary vacuum evaporatorol A ‘xZ3}
2 ARt} ol T2 v =

A ZF HolA fHs] LAA FELEES TE ohE, o
A Fzdrld ¥u F#H9 FiHn-hexane)E #H

bt F £ul Alojoll emulsiono] A7)E AL Fol
7] 95te] g AGFE dolFm, dalze Bdo] F
3 F2E F I=F T EEY F3h o5 43 W
Ealo A4S £, 353 oy H Y FEE
olgste] &rjs &3] AAstE EEFHE IF3n
DMSOe] =9l & dagl Ay Abgstqnt

37} paper disk diffusion 8BS A&s9th P acnes
TFE RC dAujAlol A 37 viekste] EAEA2 T
7 PSS dAF FE620 nmolA optical density
05)2 xdstq 34 ¢ & n|g Haste FH[g RCHY
A 45 mLe] 4% FX 05 mLE #7138kl RC agar
plated] AZs] FAch Fdo] XgH RC #jA7} plate
EAGNA F& & paper disk (¢ 8 mm, Adeventec,
USA)E 7F2 FZF plate B9 o 28Eex, 7 A
58 DMSOE ol&3td w22 g4ty disk & HF
FEE 1565 ~ 500 um/disk® EFAATE ZF A8 A
2% RC agar plate® anaerobic jarolA Gaspack system
< o] g3l 3UF MY T, disk FHY AK A
9 AR FAEHE SHYY F UxTeEe 4
A A=E wo g FAAR AFEE T JE triclosandl

)

o] Propionibacterium acnes®) W3 &F 7 203

2.6. F29HzE(Minimum Inhibitory Concentra-
tion: MIC) H7}

MIC H7l= 9%6-well plate® ©]-&3F broth dilution®d<
dE AFsle YA P acmes dFE RC A
AeA 34zt wlgste #AFs A7l ¥ McFarland
standard 059 Fto2 zdste] ¢ 15 X 10° bacterial
cells/mLe] HEE sl A& o]&3te] A sstt. 3
A5 FAL Wk wiA 160 ugZt B dE %-well
plate®] Zt wellel 20 pL¥ HE3 FAch DMSOd =
A #F crude FEE 2 @4 E¥E(20 mg/mL)S RC
HA wjA] & o]-§3t] 2ufeH 3] M (two—fold serial dilu-
tion)dtd FTEHEZ T MK/ EoldE %6-well
plated] 20 puL¥ Hol Fi & Mol FUo SFANET
o2 AN87F B9 A %& DMSOE AHg3dted A5&
S8gtE AFS DMSOY Ad&S A Hrte) Fe
B, FAYRTOEZE triclosanS AHEsHTh 4 o
O 9 ARE AEI B-well plateE Anaerocult® Gaspack
systems ©]-&38ta] 397 37C incubatorol A s Fdh
T 9 A&l JehA e H4 FEE MICE Z
78t

2.7. o|dEo Mg Ax| HIt

nAE AL oA ALE killing curve assay: IF
Hyste) Fasdh PoacesE RC A HjAE AL&
gte] 3U7F A kst 249384171 ¥, McFarland stan-
dard 059 o= ZAEstd 15 x 10° bacterial cells/mL
2 g wjAE o83ty gAEH) g4t FHE 15
mL conical tubeo] 05 mL HZ3d i 4 mLe RC dA
HAE FoFAt ddo] HEH 7t tubed] SAANHET
o2 AE7F AEA %2 DMSOE WojFx AlgT
ol = DMSO°| A% #5 crude FE2E % 4 23
B9 % T=7F 19~ 156 pyg/mle] HEE At F
don FHPRTLOZE triclosand AMEE AT H7)A
s fske Anaerocult® Gaspack systemg o83}
37C incubatorel A wjksl®A 12 h 7408 &% &
2Rkl wj% A7 A mE Frd F AR oA
ALE F459c

2.8. M= =M "7}

96-Well plateol]l well & 2 X 10° cells/mLe} HaCaT
AEE 24 h WG & wIXE AAGE HAEE T2 §
A5 #%F crude FEE°] FHE serum-free WIXE H
7bete] 24 howlgEAh wlg T MTT Aok 7Zh well
of H7Ista 4 h W% ¥ #F crude FEETF MIT
A ko] gi-d HX|E AASIL acid iso-propanolS 7
7Fste wkS-AlZl & 570 nmoll A &% 3 S48tk
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2.9 FEE9 2 ¥ pH AFY grt

2.9.1. 2

BF crude FEES 10 mg/mLe FEE DMSOo =
9l & 15 mL microfuge tube o ¥ 1, 25 70, 80,
90, 100Ce 34z d A 70 minZt, autoclave (1217C)el
A 15 mingt XS F, o]F AEE |88t paper
disk diffusion method® 48st%ith

2.9.2. pH

AF crude FEEL 10 mg/mLe =2 DMSO° =
¢l & 15 mL conical tubed] WolFi pHE 2 ~ 119
HAZ 2H39 30 mint AAT T A o] A=
o] pHS! 542 HE=Y AL AlZ2 1], paper disk dif-
fusion methodE 3t}

Paper disk diffusion L2 #F crude FE& ¥
i BEES 434 d=g AAC oA M Fa
5 A8 3= P oacnesdll HEAA FF AL H}
slgon, FAAETLRZE triclosang AHEETh P
acnesoll thet #F crude FEE(Table 1) 2 A4 23
E(Table 2)9] & &AL 7Z3tA velten 53] it
BYEL FAUYxTLE ALET triclosan (Table 3)3
A9l vjsg &Ao] S-S AT 4 U

AREL Agzo] U & &% Hruld o3 ME
27} £ oaTo) S EusPufi2], old o
3 FEHAG0E M2 E JEREE FEF F o FF
& olgdle gy BIEEL du oF o83l 7
B35 gt sad S Alkghl gitkdata not shown).
Motz FEE Ug A4 FR2IE oM HE
4 2ug 23S sAHoR de T g7 5 S Wt
3 A3, @it 2850 /M e 2t de AE
FJE 4 Ao, Hanll7] 59 ATAAE 4 £9
B &3t &

|

H88o] 156 pg/disk FE=ANAE FAHZT2 triclosan
o] Hl&g g GAL RgoH FrogEFos T o)
F7kshe S AT & g AN EFYEY g &
7t 5 AL Fqd A4S s FE AEEC] 1A
B8 &ufel itz BE £EHYY] WE] A=
AARY, FE2XE T 23 £F LrdAE o9 A4t
Zoll A dife]l §EHAY] Wi I &Fol %
RAog FAE & drt

ebdEet A, A 32E A 3 F, 2006

CHAE - EF

N

Table 1. The Size of Inhibition Zone of P. acnes by D.
crassirhizoma Crude Extract

Compound Concent.ration Inhibition zone
(ug/disk) (mm)
15.625 20
31.25 2
Drvopteris 625 ”
crassirhizoma

crude extract 125 2
20 3
500 40

Table 2. The Size of Inhibition Zone of P. acnes by
Hexane Extract

Compound Concent.ration Inhibition zone
(ug/disk) (mm)
15.625 20
31.25 31
Dryép{eris 605 -
crassirhizoma

hexane fraction 125 36
250 0
900 43

- Table 3. The Size of Inhibition Zone of P. acnes by
Triclosan

Compound Concent‘ration Inhibition zone
(ug/disk) (mm)
15.625 31
31.25 33
Triclosan 625 5
125 37
250 40
500 42

3.2, 329X sZ(MIC) "ot

P acnesel el 2% & €45 velE 35 caude
F2E 9 dARE g3 295 gAY g% A%
AAF=MIC)E H7tetd oy, FANET L triclosans
AHgstget. Table 4914 2E AXNE 7+ ARE°] P
acnes?] A& AA¥E HasgiEr TR triclo-
sane 4 pg/mL, #F crude FEES 8 pug/ml, 22
ik FEEL 09 pg/mLo g SAHY e, wetA olE
FEEo] Z AREY MIC (ICxn)YS &9t

#% crude FEE 2 A BHFE P ames 7ol o
& FHirdA TR HrloA 58 TFo] IH5S & F



@2 (Dryopteris crassirhizoma Nakai) 522} Propionibacterium acneso] Wt 3d &% 205

Table 4. Minimum Inhibitory Concentration (MIC) of
Triclosan and D. crassirhizoma Extract

MIC (Cs ® pg/mL)

Triclosan 4

Compounds

Dryopteris crassirhizoma
Crude extract 8
Hexane fraction 09

A, FANETLE AHEE triclosanyt 7€) H]*ﬁ*?.
A &7} 2}3% gostget. gM AT viep #
e Aol HFo] AAsta ded 1T §7V
A8 A w59 T8 FFA StaphylococciEL AEF
‘3_ dogl=d oA Tt TS X
g AoH18] A g E.L[19]°ﬂ
taphylococci =9 3714 HJ%
i"ﬁ%—&%g dog|A] FE3pA| T 34-‘%01] P. acnes

_4

oL

g
ON

Q2.0
< =

.Qﬂ
rlr Ju:) rlr

oo 2 jo o v o
fu oL

4e GeiAE AR gEA ok #F crude FE=
2 A BEEL TV FFEAE A BY I
AL YehlE Ao® vuHm g7 gEA(17], o1& F
ZE 9 FHES 9EE 9A 2 XEE A% BAHOE
ALESHA HE P oamesol 93 9% 94 &7 %
Staphylococcioll @3+ oz 7+ oA A= 7|3

4 e Acs Azdd.

3.3. P. acnesol| thst UEFEFE| 34 AH|
P acnes®) W3t triclosan, #% crude F&& 2 At

2350 =24 x4 E3E Killing curve assayZ ©&3}
of #8stdrh Triclosan 2 #%5 crude 55 % &t
BEES A4 (19 ~ 156 ug/mL)E RC 8+l
A7V, P oames ©& HFsre] 3937 wjdstAA 12
h t2o=w g3 A4 Aeg 2As S triclosan, #F

a

glat BB P gmesoll e A &

. SAYETFCREE P oacnesd 3, /\]E
A3 DMSOSH P. acnesT2 494 &

g, o]& U=+ EF v 10 h FHEE wo] 7]
402 F2387] A&siHon, o 40 h #jdaa
71(log phase)oll =23t A& Jrl’élﬂ U} &
AdZEEY triclosang A28l BW 4 pg/ml o]
AT M o 60 h Wiy Fo= o] FAsAAT 7
pg/mL ol FEoME Fo Falo] ¢ AA=HE
AL @AsttHFigure 1). #%F crude $EES ABE

Tzl

2
5
4
o
it

X
32
o

o ]

A

B rfr % oB
{ ot
R
-

a2 Ob ol i L

Py omy o

N pose

FEdE xelstd B9 ¢ 15 ug/mLe AqXE T
o] Faol A= on(Figure 2), IIEFANE 2
ug/mLel AFZAME o] Age] dA=EE AE

g & I} HFigure 3).

08

E Concentration (1g/mL)
g % —~ 0.00
3 L - 1.95
5 0.4 —— 391
5 = 7381
< 02t - 1563
<

0 E— ——a

0 20 40 60 80

Incubation time (h)

Figure 1. Effect of triclosan on the growth of P. acnes.

T 08 )
= Concentration {ug/mL)
)

2 o ~ 00

E - (.24

'n; 0.4 - 195

Z = 391

< 02 . 1563

00 ®

Incubation time (h)
Figure 2. Effect of D. crassirhizoma crude extract on the
growth of P. acnes.

g 08 .
= Concentration {pg/mL)
v
2 o6 ~ 000
E = 049
£ 04 —— 098
H
‘é‘ = 195
g 0.2 e 391

0 e

0 20 40 60 80

Incubation time (h)

Figure 3. Effect of hexane fraction the growth of P.
acnes.

o2 M A3 dFoz god H
A'® Z(microcomedos) 7t AAH 7] AlEEE & 7R @
Zo 2203 WA e gAE Holth o=
O

!
R

Bl

X,

g9 Azd de FAAR F9 syt d=F &
ARE A&HHoR vt FUSA HUE AL sHsAol
=7] & A&HA g 9 #Aest gasA goh o
ZE9 ¥y B 89 F9 U9l P oacnesE
APEAZIAY FAE AAE] HeA SAAIE AEF
N qAZA 7P Bol AMESt e AR AU
o2 FYAZ AL wE oy Jpx] BAFEE] &
ARoz hFE 9th E3] henzoyl peroxide, azelaic

J. Soc. Cosmet. Scientists Korea, Vol. 32, No. 3, 2006



206 A@F - 484

120 ¢
100
80 |
60
40 t

Cell viability (% of control)

20

0 10 20 30 40 50 60
Extract concentration (jig/mL)

Figure 4. Effect of D. crassirhizoma crude extract on the
viability of HaCaT cell line.

acid 2 sodium sulfacetamide ¢ =4 =¥AE It
AARE o AAAZRF, AF 234, 124 149 2
Fuigkg So] Bzx8o| Yehtial erythromycin, tetra~
cycline @ doxycycline 59 ZA7& ZAAE 9_%‘1%0}
E%o}ﬂl g9 YA T 243 2 24 5 s|ge] &4
52 dehlle Aoz nuHm Joi4-6]. A WA
e &3 erythromycin®l ¢ 54%, clindamycino] <F
46% oxytetracyclino] oF 24%, 18li o|g FAAAE B
gRoz AT A o 63%7F AT RE HEHT 9l
= Aoz Busz Il olF s AHA 9=
AFZA olix HxHolm A&HoR AMESte] P
acnesol 23 AAQE= A=ES A A HAE
2 So] tFstA A= vk IR AT 95y, o
2 F9] Ao i it A% L 2 HFE A&He
B Ao RN =g #YE IR ATy F4& o
Astd JuE Ag 2 4FE dibste a3 d&el
B 21l

B A7 Ader Be AAH #F crude FEECIY
A REEL2 e % HYQ ~ 152 pg/mL) HlAE
ZA7t P acnes ;1‘«1 AAE JAse Ae B3I F
AR} Wk olE& AMEEt d=E A A € o
el BEXog 4%3}71 A% JAE 5 ohEd AFe

e2a2

A8 2 ARSSHH, dut @.‘?l gAA Q] Aol o LA
HE dradEyg o £2 95 498 F Ug HLe=
Zlth et}
3.4. HaCaT M=of.chgt 25 Crude F&=9 =4
ot
A% crude F2Z g =A4%7HE human kera-

tinocyte-like cell line] HaCaT MEFE Al&3dte] MTT
assayZ T3} Figure 4914 R upe} Zo] A&
57l AEEQ 10 pg/mL ol3e] FEoME AY &
AE HolA gsteyt 20 pg/mLe FEelAE oF 5~
10% BEo AEAALES Holr] Aztalyion 30 ug/

uisgEets]Al, A 324 Al 3 &, 2006

CHAE £

2

Table 5. Temperature Stability of D. crassirhizoma Extract
Temperature
(C)
Inhibition
zone (mm)

YA 70 80 90 100 121

37 33 3 39 38 3B

Table 6. pH Stability of D. crassirhizoma Extract
pH 2 3 4 5 6 7 8 9 10 1
Inhibition
zone (mm)

34 36 3 ¥ B B B H ¥ B

mLolA 30%, 40 pg/mLoAlA 50%<] AALES HoH
50 pug/mLe] FEAAE A o AEEo] AHdsle
A& & F ANUTh Triclosan®] A S-oll€ % 5 pg/mLo]
A 50%e AAEe Bgon 10 yg/mLe) FEANE
ZE AXEo] Al AL 8 ]3}03‘:}(data not shown).

#ZF crude FEE|U &4 1} REEE] P acnesl Wl
o A g S 72 97 “Hv‘f—] qd=g ANEE
3t therapeitic agent®l ’“%% F AT MRS #3
NLS AFsIA e, o] 5L therapeutic agent=ZA] Q1A
i HLde o FHF AHEY AL YR Zo}
oF 3 Aolt} wbA #F crude FEEOIL} A £E
BEo] Aztfe) IR Ao EAo JEsE B
B Az 94 sEoAE A48 A4S "}EN%E A
& s
d

o, 4o

ARt F 2k 0 pg/mL ©lFHY FTAAAME
YERA] Zoted, 2 %‘301]’\3«] P. acnesd] W@
g4 9A 70‘5* Aoz A7 wWE BF
crude 2504 I BIES QA FHRsE de=
< Zifl Az B BF crude
IR, 2 triclosanA ¥ 3T EHE Z
JAE 5o 5% actlve ingradient2X% A}-&%
£ cE2 g 29 Y9AE $3 topical
therapeutic agents®4] A-&£3 -’F 2 7luEeh
ok o} oj5d g HHA Zﬂ%% =R
g SEAA F7] Hside o2 F
5 Ugs Ago] A% %

N

o [
9,

T

g

>

e

ot
m{n

o 3o
2
kY
. X 10

~—

100, 121C)Y pH 2 ~ 112 “4-5}/‘174*1 NEE 8hgA

71 ¥, paper disk diffusion ¥l & FF&AHL A3

A3} olE FEHEL 25 (Table 5) ¥ pH (Table 6)9]
3

dde B FEEol FHF %Eiﬂ %*9,1:3:3&
o2 A
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