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Abstract: To develop natural therapeutic agents for acne vulgaris, we investigated antibacterial and anti-in-
flammatory effects of various medicinal plant extracts. Among candidate extracts, we selected Psoralea coryiifolia
L. extract (AC-1) and Magnoliae officinalis extract (AC-2) which showed the relatively high antibacterial effects, and
Inula helenium L. extract (ACF-1) and Chrysanthemum zawadskii var. latilobum extract (ACF-2) which showed
the relatively high anti-inflammatory effects for further investigations. All of them did not show cytotoxic effects
below the concentration of 50 yg/mL. The antibacterial effects of AC-1, AC-2 and extract complex (AC) against
P. acnes were 2.8, 25 and 3.2 times higher than that of 10 % salicylic acid respectively. And the antibacterial effect
of AC-2 and extract complex against S. aureus were 14 and 1.5 times higher than that of 10 % methylparaben
respectively. Also, it was shown that ACF-1, ACF-2 and extract complex had anti-inflammatory effects. Al of them
exhibited inhibitory effects for the secretion of IL-8 and TNF-a from THP-1 cells activated by heat-killed P. acnes.
They reduced about 27 %, 38 %, 44 % of IL-8 secretion and 90 %, 88 %, 90 % of TNF- @ secretion at concen-
tration of 50 ug/mL respectively. These results showed that the complex of medicinal plant extracts, AC-1, AC-2,
ACF-1, and ACF-2, had therapeutic effects to acne vulgaris through antibacterial and anti-inflammatory effects.
Therefore, we suggest that extract complex of AC-1, AC-2, ACF-1 and ACF-2 may be used as a useful agent for
development of natural cosmetics which have therapeutic effects to acne vulgaris,
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1. M =

AEFE thFet Aol &) 23 3 XX (Piloseba-
ceous follicle) ol HAsH= I54d Aoz d= & 7}
&, 58 22 oA F2 2T Fo g Al
o2& AU Z2E EFgo] 9T 9% #u|9 7} 9
A9 u]784A A ZrA 8} o =8+ ( Propionibacterium
acnes, P, acnes)® 52 9 E5HHS 5ol QUtH1,2].

P, acnest 954 AEF 349 F2 dez 4o
A/ A colonyE B3 lipaseZ EHIFF &
AN FAAEE AFAte 2 B 43S
T d2%5 veE 4ot FAY leukocyte chemo-
tatic factorsE ¥HI3FY leukocyteE E'd FAHOZ
FES 2 AX o] 94 45 S doith T3
Staphylococcus aureus (S, aureus) & &2 3714 oF
5222 9% Q1o ® FALdte] 4F5S A= ¥
& FTH3-5]. o]y st AF WS S BAE inter-
leukin-1 e (IL-1 @), IL-18, IL-8, tumor necrosis fac-
tor alpha (TNF-a)$ 22 AJEFRIE Ed A3
ARk (delayed-type hypersensitivity) 14 G5 vk-%
otztel o AAE 2AL-3d(6,7].

go] 47 J=F AZAZ triclosan, benzoyl per-
oxide, azelaic acid, retinoid, tetracycline, erythromycin,
roxithromycin, clindamycin® 22 A7 dAqt g
A WA 22 EA7F AZ1=E 2 Qo8 9],

BER(Psoralea corylifolia L.)E F1AZ1E 39
MEES Il g 2d Zoltk, 1 a5 2e2 |9 75 A
A, AEH 71 A3 a9 4 €923 A, #H73
ST A T3 22 ke o] FA4o] BaEar 9]
I FQ AJEOZ = psoralen, isoprosalen, psoralidin®
2& coumarins, corylifolin, corylin® 22 flavones,
BHT, bakuchiol, psoracorylifols 5% Z< dl&4d B3
ol EuHYTH10,11].

¥ Magnoliae officinalis) & U532 A& 89
TE dE25E 7] 97X gdo] WA A A
o AHEHo gk 2 AECEZE magnolol, iso-
magnolol, honokiol, machiol®] 1.2 ©] F honokiol<-
T2 1 A, A7 M, dF 55 vehie
=24E deA JvH12,13].

5% (lnula helenium L)< =33 ohdA 2E<Q
Saussurea lappa Clarke] Td B2 &M T E,
AL 3F7) AR A5 AMEEH T 9l Aotk 1

AR 2 sesquiterpene, sesquiterpene lactone, poly-
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ene alcohol, triterpene, lignan, amino acid-sesquiterpene
adduct, alkaloid, tannin F°] I 7 &= FAY,
A5, o A IA, & HAE T A 2V I
€ = 1o{14-161.

T A Z(Chrysanthemum zawadskii var. latilobum)<
F3l3le] ojgjade] E2 £V S T AR AL
f3ta A2RE HH 7BAG, 7], 23] A 1
ool X g3 AMEE Stk F8 AR EE sesqui-
terpene lactone® luteolin, acacetin® &< flavonoid”7}
B TH17,18].
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1. AlEiE % 77|

B Ao AMEE BEFA(Psoralea corylifolia L), &
S8 Magnolize officinalis), =% (Inula helenium L.),
THZ(Chrysanthemum zawadskii var. latilobum) < =
W kAR AEAIEANA T8 3-(4,5-dime-
thythiazol-2-y1) -2,5-diphenyltetrazo-lium bromide (MTT)
Aok} 4-(2-hydroxyethyl) -1-piperazineethanesulfonic
acid (HEPES) buffer solution< Sigma (USA)Al A&
o2 ARSI, Dulbecco's Modified Eagle Medium
(DMEM), RPMI-1640, fetal bovine serum (FBS), pen-
icillin streptomycine Lonza (Switzerland) A&& AHE
sttt IL-8, TNF- @ ELISA kit OptEIATM Human
IL-8, TNF-a ELISA set (BD, USA)E AH8-sIith &
Ao 8" 7171 A4 Y FF71(EYELA,
Japan), 2 7%7](OPERON, Korea), PlolZ 2%
o|E #(Bio-Rad, Japan), +% F=4(HP, USA)E
AHg-3HSlTt,

22. N2 FEE9| M=

1 AR REXA T B FEx 42 kes
HEerE 5 Lo Yol 70 T= 4 h¥ 33| 24 7135t
oA (ADVANTEC, USA)E AF313ith oztd F
EES AN AL FEFVIE o)RE wEH T 5E A
2712 AF AxsY ma2g SA3] AAT oF 155
g 65¢g 86 g 61 g8 FEES A BY &A= B
A, FFut B PRz 47 AGH[ 1111112 F
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2.3.1. MZHyQt

At frell ZAAE HaCaTAIZE ATCC (USA)o
A FJste] Abgskelom Al uoke] AHEE DMEM
HiA]= 10 % FBS, 1 % penicillin streptomycins 33}
o ARE3IAL, 37 C, 5 % COp ¥l wjekatdt

232 M=E MEg =3

AZ A digk A8 AH Aeses AR5
A3 3-(4,5-dimethythiazol-2-y1) -2,5-diphenyltetrazo-
lium bromide (MTT, Sigma, USA) assays AR
o}, o] B4 =39 =84 7149 MTTS AR A
9] HlEA ¥uptoz WA Aolgls A X
mitochondria dehydrogenase &8& ©]&3% "ot}
e Fupzke] ok Aol AlE o) n)¥sic)

HaCaT MEE 5 x 10° cells/wellZ 96-well platedl] &
FE ATl FEHE ABE A8l 5 9% CO, Bl
o4 37 T& 72 h M3t MTT $4(5 mg/mL)
20 uLE A7FskA 4 h wijekst & s AlASkT 200
L dimethyl sulfoxide (DMSO, sigma, USA)E %7}t
of mlo] AR EH0|E B2 505 nmolA EFEE &4
3Tt

%

24 &0 23t @it

241, o5 Hfk

St &3 G AMEE #F2 Poacnes, S, aureuss
S Y TEATA APALAE oA Fokuto} ALE-3)
T P acnest 37 C, 8714 7, Difco™ Reinforced
Clostridial Medium (BD, USA)°llA #i= et #7114
$732 GasPak EZ Anaerobic Container System (BD,
USA) = o1& 714 el 2AFUT. S aureus=
37 C, Bacto™ Tryptic Soy Broth (BD, USA) A wiek
=k

ol

ol tg e o T

ofi

7 59

2.4.2. BO| C|az ELHHol| offt & g Lot

Fo] A A (paper-disk diffusion assay) & £
3 FE2E g e HUkEnh 74 75 A4 )
&Rl HES F- BF FTAE o) 8% FIE =4
Al 600 nm®l| A1 optical density (O.D.) 057} & w7}
HieksFATE 17100 34 vk 100 uL & $HA A< o]
E¥51 8 mmé Ha® Fol Y2aE uix] o 21
5 TR IAE AAE 27 20 uL A Asiit P
acnes®] 7-¢- 71/ wWell Wof 37 CellA] 347t wiks}
2, S aureust 37 T vF7]ol|A] 143t wedste] o)
A 59 FE3e AES Y Y (mm)

B (mm) = FEE

1o

A% - Fol tlaag A%

1

2.4.3. 2|2 AH s=(Minimum inhibitory concentration,
MIC) 7}

F2E9 3 9L Frkstyl 98 MIC 58S &+
Bkt 7+ 75 AA vk vixlo) HES = 24 F
SAE o] &3 FF= 574 Al 600 nmellA optical den-
sity (0.D.) 057F & ®7bA] wieFskdet. wieF w160
uL7t E91903= 96-well plate®] 2 wellell 1/1002 34
& oujFE 20 L AT FEHE FMH 7}
A2AE 20 uLA A=l ¥, P acnes® A5 @714 ol
wlo] 37 CollM 33t wiestal, S aureusw 37 C %
71l 147 wfieFstaitt ol %, 7o o] Yehix]
*e= Ha FEE MICE A3
Fod

=

2.5,
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ol
fol
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el
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25.1. M= b2t

A el BieAbelE THP-1 MEs St E5-24
off Al ®EeFutol AT 37 C, 5 % CO, 7oA 10
% FBS, 25 mM HEPES7} 3H7F8 RPMI-1640 Wi &
AL-gato] v skt

25.2. NO|EFIC] Wed AR A

1 x 10° cells/well® 24-well plate®ll *2]€ THP-1l
heat-killed P, acnes 100 yL/mL¥} A& FEEE 3
Yatdch dell &l APEAZ P oacnest A wheks
P acnes® 95 T, 5%83 7I€3tal A4 552 PRSE
3| A438to] ARESIGITE 2 & 4SS ¥ IL-8, TNF-
a ELISA kitZ Z} Alo]E7I1e) U A=2 £3589
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Figure 1. Cell viability of medicinal plant extracts on
HaCaT cells by MTT assay. The cells were treated with
various concentrations of samples for 72 h. The results
were expressed as the average of ftriplicate samples:
(AC-1): Psoralea corviifolia L. extract: (AC-2): Magnoliae
officinalis extract: (ACF-1): Jnula helenium L. extract:
(ACF-2): Chrysanthemum zawadskil var. latilobum ex-
tract; (AC): extract complex.

o AAES T Al wet Abskgi

AAE(%) =
(1-NE A7H2e F3E/d22 §9E) x 100

0, 2
e
=
ok
1o
=
e

N
fu
=
S
(o

Fu

=
AN, AHEXL
22 ~ 354, B 27AI T A, HE F9Ql Auke
70 % NEEE AHT T AFEHC] FHLE finn
chamberE AlgHE9ol FE3FTE HEE=48h B¢ =
Z3, HEE AAT Tl vAZ AERAS 724
3t 30 min, 24 h, 48 holl A= T {58 F718k3
H7}71e2 The Cosmetic, Toiletry, and Fragrance
Association (CTFA) 7FolE2RleA AAg #3712
of Wgkom FRNLEEe] FrHe the Ak o2 R E
Axe HFgoz st

HREESE(%) = 5 (7FA x 4-EA95)/
4 (H7EEAD) x n (AAJALS) x 100 x 05

(==
3 #2992 Student’s t-test= 3t31.2, p Ftel 0,05 ¥
T o EARACR &9ttty dasiain

HtelgEstax) A 36 Al 1 &, 2010

Table 1. Antibacterial Activities of Medicinal Plants

Clear zone (mm)

Extract

P. acnes S. aureus

Psoralea corylifolia L. 19 + 04 6+02

Magnoliae officinalis 20 + 0.6 7+05

Vitis vinifera L. root 15+ 02 5+02

Glycyrrhiza glabra L. 15 £ 04 5+ 04

Lithospermum Erythrorhizon 11 + 04 5£02
10 % Salicylic acid” 701 -

10 % Methylparaben® - 5+ 03

? Positive control
3. #at 9l nE

31 ME =Y ot

BIER 2F5ut B8 FAR 2E2E EFLA9 Al
¥ EA 37 gEo] A8 442 75 HY FA8ES
A MTT assays A1F3HATE HaCaT A Eol oigh
AE 548 548 A3 50 ug/mL ©l8te 52 7
A A Al AE BEF0] 85 % ol oE YERT
(Figure 1).

32 & &3 Wit

T AFE e 2AE BFs] d8 Fol ta=a
sabge ol 8% A4 HH S APSUL 5% FF F
B 2AE R8T o] F, P acnes, S. aureus 750
3] 353 0E w2 v A4S Zdv A, g5y
245 ForE HAAstn F AFE AFSUTH
(Table 1).

P, acnes Tl dsix REA, 3FE FE2E EF
WA ETOZ AHEE 10 % salicylic acid HHH] T4
FEolA oF 284l <k 25819 &4t EHE e AR
vebgth(Figure 2). T3 S, aureus Tl A= <&
A Nzt ez AFEE 10 % methylparaben tH] L
FRoA BREX S FAME £, FFEY B¢
ok 1499 o AHE Ze= AOE JEFHTHFigure
3). BgaAe AL P acnes 5ol g 44 dix
T9) 10 % salicylic acidB.tF ¢F 3240, S, aureus Tl
sl ok tlZ2T<! 10 % methylparaben®.th &F 1 54)
B2 352 B 5 10 %9049 F FFol g 3t
37 Al FARE Ao el AAAQl a5 U
¥g AoF HalY

4 A FE(Minimum inhibitory concentration,
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Figure 2. Paper disk-agar diffusion assay of medicinal
plant extracts against P. acnes. Results were expressed as
the average of triplicate samples. "p < 0.05 and ~ “p < 0.01
compared with control: (PC): 10 % salicylic acid:
(AC-1): Psoralea corylifolia L. extract: (AC-2): Magno-
liae officinalis extract; (AC): extract complex,

MIC) F7HE F@slol R34, 959 252 2 Balx
A9 &yt BAE F7F B P oacnes 5
& REA, F5E 53449 MIcE 242 0,003, 0.003,

4

ST 1,
0.001 %= & tjzT<l salicylic acid¥] 0.25 %l vlaj
A58 A A5 YL, S aureus T UlgE B

A, g B3aA)2] MICE 2+ 0,006, 0,006, 0.003
%E ¥’ 279 methylparaben®] 025 %l B]&] €
<% 9 AFHE YERATH(Table 2).
33 EHE g3 Wy}

TES EAHE 4 £AE F287] g8 Dol o)
AFEAIZL P oacnesell &3 24 ﬁ}ﬂ THP—l cell Z5-¢

.‘?_-Croﬂ o

Z1 AT Table 3).
?’:}i AL A Fref 9

%S HAT 50 ug/mlL F

61

C

PC AC

Figure 3. Paper disk-agar diffusion assay of medicinal
plant extracts against S. aureus. Results were expressed as
the average of triplicate samples. “p < 0.05 and " "p < 0.01
compared with control: (PC): 10 % methylparaben;
(AC-1): Psoralea corylifolia L. extract: (AC-2): Magno-
liae officinalis extract: (AC): extract complex.

Table 3. Anti-inflammatory Activities of Medicinal Plants

Inhibition (%)

Extract

IL-8 TNF-«a
Inula helenium L. 283 90=x2
Chrysanthemum zawadskii var, latilobum 35 +3 89 = 2
Valeriana faurier B. bt6 591
Siegesbeckia glabrescens M. 16 £ 4 32 +4

Piper longum L. 23 +£3 -
Magnoliae officinalis - 5 =5

T2 A Al Z7F 27 %, 38 %, 44 %S AHES KA
o =3 TNF-e o 395 vk IEHd 4 3¢S
BT 50 pg/mL 52 AE Al 7242 90 %, 88 %, 90
%] F& T AleS EHFigure 4).

3.4. LRX= "It

@zt 109 el thate] IS A HE AJF
Aol ZABI] 48 h B 72 h FH SRS ]
on, o]F 7IFELR st I ARE WP A9,

o
A, FFE 5 78E 25 U 5L 1 %ol o
) =]

=

=t}
=

£

=1 TEE
S5 (Means) &= 002 273 vl7R 2

&

H

T

T

Table 2. MIC (Minimum Inhibitory Concentration) of Medicinal Plant Extracts Against P, acnes and S, aureus

. MIC (%)
Strains ) )
AC-1 AC-2 AC Salicylic acid® Methylparaben®
P, acnes 0.003 = 0.00 0,003 + 0.00 0.001 = 0.00 025 = 0.02 -
S. aureus 0.006 = 0.00 0.006 + 0.00 0.003 £ 0.00 - 0.25 + 0.01

 Positive control
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Figure 4. (A) The inhibitory effects of medicinal plant
extracts on IL-8 secretion in THP-1 cells. (B) The in-
hibitory effects of medicinal plant extracts on TNF- @ se-
cretion in THP-1 cells. Results were expressed as the
average of triplicate samples. "p € 0.05 and " "p < 001
compared with control: (ACF-1): Inula helenium L. ex-
tract; (ACF-2): Chrysanthemum zawadskii var. lat-
ilobum extract; (AC): extract complex.

FAFoE AU ol ATEA Ael go) F
el & o, 5401 A EA5HA] G T 2A4YE
o U
4, & =

2 dFoME AqEF &3 298 e 2AE ek
T FEES WO E Ay BFER T+ &7
£ 2= 559 FH &A F P oacnes, S, aureus®l T3l
FTEHOE & g AL Holve BEXA, 95 &
ANE Y 2AZ AAste] HEE APsSint =3 &
BT EFHE 2= 6% FH &4 FIL-8, TNF-a 2
HE TR Ashe B, FHx 248 Ut &
Az Agste] APE AW FH 24 T 42T

(Valeriana fauriei B)9 A% IL-8 A3l& 36 %,
TNF-a A& 59 %29 52 95 & BQAL
24 559 A FH= A8 F3AE d8EY sho]
oHE Ao W] AAAHT =g FF A} &
AR A9 Fuke] B9 TNF-o A& 56 %S Kol

tsaE e, Al363A A 1 F, 2010

ju—y
—

E3te] dopr ity BIA|, FF
FZ2EY E5E2AE 50 ug/mL WY
YERA] ekektt, Fol tAa &
AHE B3 SFAGoA, BIX|, FF FE2ER &
ACE YAA o E IHA P acnes, S. aureus
o tial A R oiv] B2 I £98 A Fe=R
UERGTH P, acnes: 10 % salicylic acid®] 2.84l, 2,54,
3280 &% / S aureus: 10 % methylparaben] FAME
5, 144, 158 5%), A4 A FE(MIC) B7HIME
P acnes, S, aureus®l th3ll &g iz dv] €58 &
ZEIHE 2= A& FAT F JATHP, acnesel tlst
MIC: 0.003, 0.003, 0.001 % / S, aureus®] ©idt MIC:
0.006, 0.006, 0.003 %). =&, FLF &% 2= Ag=
& PHAx FE2EY ERAAE heat-killed P acnes
o tigt THP-1 AE2] IL-8, TNF-a HdE A A3}
3He Ao Z YERGTH(IL-8: 50 ug/mL SENX 27 %,
38 %, 44 % A / TNF-a: 50 yg/mL EEA 90 %,
88 %, 90 % A3l). WA BEA, T FE2ES o
TE 829 2o dF i3S doA A A=
o2 A3A)7|ed ZA Bshs Aoz 4zl §Y)
g 2lo} P acnes$t S, aureus®] A5E JAS L, &
L TAZ FEELS AR 45 S dAS o=
&3} 232 Uehd Aoz relt o9} 22
F FEE B &A1Y A4S o, FEF AN
g 2ART F71E 258 JERISY o) 2¥d
2A7] dsage] Qg Aoz BT = U
olide] ARz w|Fo| B uf RIFXA FFH,

Az FZ2E 5 A ¥

Alo Yepd oz o=F 43 adE
229 o]f 7t A& RoE HRlrh FF o]
et 713 Qo AE-e 1t FE 434
3 5% F7E 2P oFoln}
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