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ABSTRACT: Acne is known as the most common skin disease. It commmonly occurs during adolescents, but it is also present in children
and adults because of air pollution, drug abuse and so on. In addition to the hormonal, genetic and environmental factors,
Propionibacterium acnes (P. acnes) have also critical roles in outbreak of acne by inducing inflammatory mediators. Increase of sebum
production provides an ideal environment for £ acnes that induce inflammation on the skin by activation of monocytic cells and
stimulation of inflammatory cytokines. In this study, natural extracts were investigated for anti-inflammatory effects against
inflammatory acne by 2. acnes infection in terms of reducing cytokine production. Eucalyptus globulus extracts effectively suppressed
mMRNA synthesis of inflammatory mediators such as TNF-q, IL-103, IL-2, and NLRP3 in 2 acnes-activated macrophages. Moreover,
Eucalyptus globulus extracts inhibit activation of transcription factors, NF-kB and NFAT, which are known as key regulators of
inflammatory cytokine production. This study suggests the potential of using £ucalyptus globulus extracts as alternative agents for the
treatment of acne.
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AEE2 X, FF, Wi, 1 2HE FAdstar Aot fatty acid = -alj5}H, o]ufj AY /g free fatty acid+= 2] -0 4

FHE WA A 9EA R ARe R 2R A1 o AFS Fol M ¥e st wye|) Ao 9%
A& A Zof A UERdrtHKorean Dermatological Association 2 o 7IcK(Sohn et al., 2006).
Textbook Compilation Committee, 2008). o] =5-2] A &5t oo WA o] Aoy RA £AO R HE] Q8] Bo W
Q12 A A QA o A A, G4, o 8 5 TRkt B8k o] 714 F shuto] ARk ' ouk-g-o] Z51HA] dojubH
2.9150] Tofshiz Ao oAk A8 S50 FAE o4 B IS gl

Propionibacterium acnes (P. acnes)+= 5% €714 13 oF oju] o] H=ukgo] AP E o, o] WA o= A=A Alo|E7}

ORI EES F Q5 AR O 2 UTHA Yo TR & ?_l(pro-inﬂammatory cytokine) T} 21 &2}ulE(inflammasome)
FHSHL L2 et TSP, acnes+ T X & triglyceride 2} free = t}ofst 22l o] Toddtth(Lee er al., 2015). =4 AJo|E7}
Q101 IL-1B3= NK M T 4| E2] S atol B Asz.] 4ol
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A&t A 220l A T B = T S| =4,
ofl A}l ka2 So] Aol o] v
% /95}o] B4o] Yojley. tjIEA .02 NLRPI,
NLRP37} §] 2 caspase-11} AgH5}o] pro-IL-135 &4
O 2 ASAA A2 RE IL-1B9] £H] S feshe Ao=
&4 A thLee, 2013).

Q1% 4Hg o] ol 20,2 U NF-kB AARIAR Al
=704 oA ] [kBe} Asto] WA F o= 27
ahAl g, 2=l €13 Tk-Bae] QARSI } A5 ¥4 NF-kB &
) wolA Lhoh 287k dojui Bick. 246297 NF-«B
= W O2 0|53 COX-2,iINOS Y Ato] E714Q1 5] HAE
=3t HChae, 2005). £ t}2 HARRIZQI NFAT+= A|23
ol A pIATeE o B/ 3} el = EA SRR =8 2] =}
=ofl Sfsf Al W) s o] 7R Aol 243t
£]0] NFAT®] 2HelAks7} dlof i}, Bl b} NFAT = 8
g3} of o= o] F5fo] TA|3Eof|A] IL-2 ZE2EE of EA)
3= antigen receptor response elementol] AgE 24 IL-2
9 of e Afo] £}l G AAFE S| S G HTHLee or
al., 2003).
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P. acnes ZH|

A5 3t Q1 Propionibacterium acnes (KCTC3314)+=
&
o=

KCTCAVE A AN ] 2(Korea) % ] .9 o} AL§ 5191tk &
@ "R 31 3= reinforced clostridial medium (Merck Millipore)
" z]of| 37°C, &7 24 0 2 ujeFstAth P. acnes 2] membrane

fractionS- E2]5}7] £J3H FOCUS™ Membrane Proteins extraction
kit (G Biosciences)& A3} T

MIEZHHQY

Raw264.7 M|3E3= ATCCO| A F+Y3HE 21 10% fetal
bovine serum (FBS), penicillin®} streptomycing- 473 DMEM
v 2| & ARR-3}o] 37°C, 5% CO; incubatorol A] v <ka}3ich

Reporter gene assay

NF-kB2} NFAT9] reporter gene2 Raw264.7 AJ| 320
transfections}al 24 A|1 7 5, A HEA 2258350 ug/ml #]
2]3tch 302 F P. acnes 2] membrane fraction2- 50 pg/ml
2| 5}od 6 A 7F F-2t w3ttt AL lysisdt & luminometer

£ 0|83} luciferase activityS =43}

RNA 22| % RT-PCR

gt A 2z of| 4] v el A| A 3FaL RiboEx (GeneAll) 1 ml
2 0]-&35}o] RNAE EE|gtcl. M-MLV reverse transcriptase
(Promega)E- ©|-8-3}9] cDNAE §H4J3%t & PCRES 4=3)stc}.
A5k primer+= ThS- 3} 2t} B-actin forward: 5'-CATGTTT
GAGACCTTCAACACCCC-3', 3-actin reverse: 5'-GCCATC
TCTTGCTCGAAGTCTAG-3"; IL-13 forward: 5'-ACGTGTT
CTTTGAGGCTGAC-3', IL-18 reverse: 5'-CTTCTTTGGGT
ATTGTTTGG-3"; IL-2 forward: 5'-CCCAAGAAGGCCACACT
-3', IL-2 reverse: 5'-TGCTGATTAAGTCCCTGGGTCTTA
-3'; NLRP3 forward: 5'-ATGGTATGCCAGGAGGACAG-3',
NLRP3 reverse: 5'-ATGCTCCTTGACCAGTTGGA-3'; TNF-a
forward: 5'-TAGCCCACGTCGTAGCAAAC-3', TNF-a reverse:
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5'-GGAGGGTGACTTTCTCCTGG-3'. PCR AF=-2- 1% agarose
gelol]l 7195 T UVE o|-&3ato] U S gelstqlct

Cell viability assay

Raw264.7 A5 24 A 7F vl kst & o] & A3 E 25, 50,
100,200, 500 pg/ml s E0] 7= A 22 50) 2 7bE vk
oMol A 12417k vl k319 Tk Trypan blue dye & A 322 G M5k
3 hemocytometerE ©]-83}0] AbolQl= H|EZ4E du|F o
2 24sjo] gl Rl 4 25E Adtel

MTT assay

Raw264.7 N5 2447t viF 5 o5 A|ZF 25, 50,
100,200, 500 pg/ml 5= 0] FZHFA FEE0] H7H vk
Hof| A 12A| 71 vl ek}l ZHzEo] welloll MTT stock solution
(5 mg/ml)& 25 ml&A ¥ 31 37°C, 5% CO; incubatorof| 4] 1 A]7+
o}tk Bof| DMSO-Z 200 plwell Wo] 105-7FHF]5}o]
formazan-2- 8318}tk ©] 3 Microplate Reader& ©]-8-35}¢]
585 570 nmof| A S73H3Tk

Western blot

Raw264.7 A|ZZ0]| Q22 EA 225 50 1o/ml-S 3057}
=] 2] 3350 pg/ml2) P. acnes 2] membrane fraction-& % 2]
3t 6 A)7F & lysis buffer (20 mM Tris-Cl; pH 7.9, 150 mM
NaCl, 10% glycerol, 1% Nonidet P-40, 10 mM NaF, 1 mM
EGTA, 1 mM Na3;VO,, 1 pg/ml leupeptin, 1 pg/ml aprotinin,
and 0.2 mM phenylmethylsulfonyl fluoride) & ©]-8-5}¢] A|3Z
£ lysis3lt}. Cell lysates+= SDS-PAGE S =345t & GAPDH
(Santa Cruz Biotechnology)2} IL-13/IL-1F2 (R&D Systems)
O A& o]-&-5to] Tl WrE A =5 Q1

SAHXE

S A9 ATHE 38 v Aol ool 5 Hmean)- E
ZHSD) & F A5} 1L, unpaired Student’s #-testS A| 35| P

<0.059] A< ool A o2 WA T
Z o
SQZIREA XE20| o5t NEEM =X
2 Are] ohA ASRES 8 2 A2 AN 2] &
AYPFEL FE550] 548 Uetll=A] gobEr] 98 cell

viability assay & 5333} T A Z o) 28-S SA3517] Y3t
AFulHo g Trypan blue dye exclusion % o] 2]} A= A

=21 o
E4E 251 25, 50, 100, 200, 500 pg/ml =9 S-7+
YR 22T AT ekl npes AR s

Raw264.7 M| 2255 12A]17F 52t vl oF gt & M| 2 &8 é =
Hoteie. fAUEL 2 2B A ela AL 7925 ugml
] 12 0| 4] 87%, 50 pg/ml©] 1= 0] 4] 87%, 100 pg/mle] &
o) A 65.6%, 200 pg/ml 2] E1E ol 4] 27.2%, 500 pg/ml o]
Tol| A 8.2%% LERGTHFig. 1). Trypan blue dye exclusion
o] oRh Al ZZAEE SR A= 200 pg/mlo] FEE
A 2|5t w, Al A EE0] 50% nRES = A 5HA haxst
L A9 slolEt 2= gl git)

MTT assay & &3 Al 2 &8 54 A3 fadHFE L 55
.9 25 pg/ml @] o)A 72.5%, 50 pg/ml 2] S04 50.9%,
100 pg/ml®] o 4] 18.2%, 200 pg/ml 2] = o] A] 18.4%,
500 pg/ml o] oA 5.7% = LEFHTHFig. 2). MTT assay S
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Fig. 1. Trypan blue dye exclusion measuring cytotoxicity of Eucalyptus
globulus extract. Raw264.7 cells were treated with E. globulus extract for
the indicated concentrations. After 12 h of incubation, the viability of cells
was estimated by counting with trypan blue dye. The results are represented
as the means +SD of three independent experiments. *P < 0.005 versus
control.
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Fig. 2. MTT analysis measuring cytotoxicity of Eucalyptus globulus
extract. Raw264.7 cells were treated with E. globulus extract for the
indicated concentrations. After 12 h of incubation, the viability of cells
was estimated by MTT assay. The results are represented as the means +
SD of three independent experiments. *P < 0.005 versus control.
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S5 EAEE 2NN E SAYEA 2229 50 pg/ml
o) prrh A A5 AL £0] 50% v]gke
= F2s) asiar
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) AR e AEAEE SAES B3 40YE
£ 22EO| HEELS B ADE B2 $AYEA 2
Z2o] of 3 NS A S X ASISLL Q2N oA e 2
15} 517] 918 AlTAIE & 0] 50% OJAHS Rl i 2 A}
28l 514} sloAek. whakA ol %] Ao ML SLUEA 2%

5250 pg/mlo) == AR5 T

P, acnes7t CHAIMIZZFOM SEE AOIEFI212] mRNA g

12 ©
S R

P. acnes7} Y AA| ZF0l| A HE-Z 4= Q= A
3}7] 9]5}o] Raw264.7 A 3E520]| P. acnes 2] membrane fraction
= 10,20, 50 pg/ml 9] 5= 2 2 2] 5}aL 6A|7F 59k vl et 5,
RT-PCRS 53l 4573 Al E711S] mRNA TS
SFlTh 71 A3} Raw264.7 Al| Lol A H5A Abo] =7}
2 oA TNF-q, IL-13, IL-2 2] mRNA BH& gFo] P. acnes
= o) 0.2 /1o 318 4= A SIThFig. 3A). Eat S
efulz BgA 2 oo 2 NLRP3S| UHl 3l 5 o]
2 27188 BIE 5 UckFig 3A).

NFATS}NF-cB= HARIALR Q5 8HTH 28 A2
of| oJsf M|z def A B = o]F, &/ 3tE] o] NFAT= IL-2,
NF-kBi= IL-132} TNF-at-2 |54 Aol E7119] HdS
5= Ao 2 &4 A QltiLiu and Malik, 2006). P. acnes
o) Hel7} olel ek A4S ui) RIS TS ZAIAY 4
9]z slolat7] <] Raw264.7 A 3EZ=0] NF-kB2} NFAT-
luciferase reporter vectorS- Z}Z} transfectiondt = P. acnesE
50 pg/ml #2)3}a1 6 A7 F luciferase B4 A =& 2131
t}t. 1 A 2o} ¥ 5)] P. acnesE #| 2] 514} luciferase
2do] dAI8] S7HE& &elskSIth(Fig. 3B and C).

webA P acnes=2 FZ0] S5 Raw264.7 A 3EFo] A
NFATE}NF-kB AAFI S 0] EAJ3}E] o] IL-103, IL-2, TNF-
09} e %A Ao E7Fel B QlE et} Bk o] wHo]

S7H= & A3tk
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A -] Aot

o e o |o o

(o)

i)

FUEUEA FEE0|| 2fst BBUE ANl S0t
P. acnesol| o8} = ¥]= A5

Alofg o= U=A] 2157 ] 918l Raw264.7 M| =0l 4 - T

2 =280 3087 AR 7] 519tk o] 3 P. acnes 2] membrane

fraction2-50 pg/ml9] 5= 2 A 2|3} 6 A1 7t 5, A=A Alo]

&3l A Als2d Al4%

E7}219] IL-1B, IL-2, NLRP3 2 TNF-a¢] mRNA %Fg
RT-PCRE 53l &lslet. 1 A% 2T FE522 4
23t Aol A= P. acnesell 28l S71319 IL-16, IL-2,
TNF-a 9 NLRP3 o] mRNA & gFo] 2A] sk S 8
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Fig. 3. P. acnes induce inflammatory responses in macrophages. (A)
Raw264.7 cells were treated with membrane fractions of P. acnes (10, 20,
and 50 pg/ml) for 6 h. The mRNA levels of TNF-a, IL-13, IL-2, NLRP3,
and Bactin were measured by RT-PCR. (B and C) Raw264.7 cells were
transfected with either NF-kB or NFAT-luciferase reporter vectors. After
24 h, cells were pretreated with the indicated Eucalyptus globulus extract
for 30 min followed by the treatment with membrane fractions of P. acnes
(50 pg/ml) for 6 h and cell lysates were analyzed for luciferase activity.
The results are represented as the means + SD of three independent
experiments. *P < 0.005 versus control.
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IS = AUNTH(Fig. 4A). WehA] A T4 2550 954

FUHES AT 4 9182 Btk
[ex]
=

NF-cB 2| AR T} Thelo] Q)ian) Shelsat sk, o) &
213l Raw264.7 A 3Z£Fof] NF-kB2} NFAT-luciferase reporter
vectorE Z}Z} transfectiond}th. 24 A7t H, -4 HEA -
Z52 3087 AA T3t & P. acnes 2] membrane fraction2

50 pg/mle] FE== A 2SIATh 6413t F, AEE lysissto]

(A) P acnes - +  +
Eucalyptus - -+
1.0 03
1.0 02
1.0 0
1.0 0.5
(©) 350 - NFAT-luc
*
300 A
Z_ 250
£2
< ; 200
Q2
S E 150
&S
S< 00
S|
50 A
0 A
P. acnes - + + -
Eucalyptus - - + +

luciferase 4] A= & &1ttt 71 23} P. acnesol) 28l =
7190 NF-kBL} NFAT reporter gene E440| FLAHEA
Z=o) oall sk A 2RI 4= U SIth(Fig. 4B and C).

TR o] 23t 7ra A7 AA| S A W gl FEke v
A =A] 2QIskaA} 51T Raw264.7 Al 5=l FaHF2L
=259 3087F AA 2] 3}aL P. acnes2] membrane fraction
= 50 pg/ml 9] F== A 25T 6417 F A 2E lysisstod
Western blot-& <=3§5}o] IL-139] Tl 2] e -3 21215}
TH(Fig. 4D). 71 23} P. acnes© 9J3]] Z7130H IL-132] Tl

A o] RUYRA 5B o) Sals] gasioit

(B) NF-kB-luc

400 |
350 1

N I [
0 -
+ + -

P. acnes -

W
S
S

—_
W
(=]

Luciferase Activity
(Arbitrary unit)
—_ %)
(= (=]
(=] (=]

Eucalyptus - - + +

D)

1
+
+

P. acnes

1
1
+

Eucalyptus

IL-1B » -— -

Fig. 4. Eucalyptus globulus extracts prevent P. acnes-induced inflammation signaling pathways. (A) Raw264.7 cells were pretreated with the indicated E.
globulus extract for 30 min followed by the treatment with membrane fractions of P. acnes (50 pg/ml) for 6 h. The mRNA levels of TNF-q, IL-1(3, IL-2,
NLRP3, and S-actin were measured by RT-PCR. (B and C) Raw264.7 cells were transfected with either NF-kB or NFAT-luciferase reporter vectors. After
24 h, cells were pretreated with the indicated Eucalyptus globulus extract for 30 min followed by the treatment with membrane fractions of P. acnes (50
ng/ml) for 6 h. Cell lysates were analyzed by luciferase assay. The results are represented as the means + SD of three independent experiments. *P < 0.005.
(D) Western blot analysis was carried out under the equivalent conditions of (A). The protein levels of IL-1[3 and GAPDH were measured by anti-IL-1(3 and

anti-GAPDH antibodies.
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%%%ﬂ%ﬁ%?iié O] NF-kB} NFATS} -2 A
o] o

ZH A APl BRI

LS,

P.acnes 2| N|3EH A2 Th o W 4R} ol tef] 7
FEIAE 7P T 912 Boi S g o] ol g
ST Al S 0] 454 Aol £71ele] e F7HI 7 Ao
= o] 4 9]tH Antiga et al., 2015). 7L ZIL-8, IL-132} TNF-
a= 3R F5/d Aol E7RI .2 T A A 2] Sof
T B FAANA IS4 A AT = Ao e &
A QltH(Seo and Kim, 2010). E3F 0] o17Lof| o5k Al
o) e+l AL A|3E0]| P. acnesE X 2|5} 9S uf ol &ctulE Egh
A7k BB E o] IL-162] BH]E ZHAHO =K oj=ge)
gznroo OEEH:}L B Eu} 9)rHQin ef al., 2014),

5 FAA Fofol sl BSol A
g L= 9lo 011: = 2 7of F2 o]&E+= clindamycin,
erythromycin, tetracycline- 7] 7F ARESF 74 O A S 2
3} chokst HAkgo] LERE 4= Qlth(Nam et al., 2009). o] 25t
FAYAIE o]-83F A =0 TAIHE QA 8ol Zoll= M=

= o83 FASA ol thet A7 o= = o] Fof | aL
Slek. 7]£9] A ke A HH o] 253K Yoo and Seo,
2007), 5-%HLee and Seo, 2007) 2 A Z=AKChoi and Seo,
2007) o] o =& frkatol] ofsf LAY OPL R o= B kel
= Uth= Zlo] Bare vl Q. shAvE A FA
o]-gsto], 53] A EF fitol o3t AFHRS Ao ¥

o A= A e Aotk

E A= A=E é FES= Y19t P. acnesE O
AN 20| ﬂlﬂé

o2 ©
lNF

>
rO

=
g ojmge
o

O

B opo) AF A0S FU B W) YRS F2
=2 Raw264.7 Al ZF 2 NF-kB2} NFAT AARIAE 2 &4
2 TN P. acnesol) 3l UE AEA Aol £}
o WS FaAIT webA] ol £ o] ofs) e 9%
2 ghahAl7IE Aol 91 A0 R oHr

vl g EEE A As2A A4

o] dtol W= W FAYFEL F5E0| P acnesS E3
3 chobe olA] FERAS Uehils Ao Bag b
) TH(Ertiirk, 2006; Athikomkulchai ef al., 2008). 5}, -9
£ 900 g gEe] 93} 2xute] 0.9 Sof gol
36 w]of 9= A K.l 1.8-cineole 2] SF A T} S A] HAlE H}
2)ti(Sadlon and Lamson, 2010). 3F2 1.8-cineole®] P. acnes
off ofaf SUElE PENS T B eulE TS Alojer
S QAo g AT-E 2o Aaste] £

F

%

Propionibacterium acnes (P. acnes)+= 9] =
O 2 B Y of] AJFEste] w9 SAAE
AHARE FA ] g ) 58 i) wheba w)%] <

a1

[}
A ZTV= P, acnes ©) A Feol| 22 TS

ZHFS-2 G-9H5}H=monocytic cell &] &
7}el(pro-inflammatory cytokine) 2] 5715 -F-1gtc}. whatk
O EF ARE HSA= P acnes 9] T4 oA A ASH=
243t} Ao] F Rk

& =ollde T2 Eucalyptus globules) 5+Z=°]
P. acnesol oI% AZHg o] b= AR SelslnA) o)
At SAYEA 2B A2 =P acnes7} S EdH= 4Z )
MAFE &# A TNF-a, IL-1B, IL-29} 1S aju}E Batgel
NLRP3 | F- 312 &S a3pA 0 2 A7) = AS eels)
e, ek olueh @54 Aol E7elo) 477 Be] Fa
shokar &2l AR I A K transcription factors) NF-kB} NFAT

o Y AN RAYRL FEBE HUBAS 1) oot
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o] =R 2014 st shadx/du|(TeEH
A

3 120140375), 2016 AFsHa 2 A =t SHLINC) 44K,
20164 AIIEARIIE 1A ALAIIRGWI6006),
ATLATHNRF-2015R1ID1A1A09057991) 2] 2| Y-S Hro} 2=
3y =95
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