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In this study, we examined inhibition of adipocyte differentiation associated with the administration
of camphor, a substance identified in extracts of the flowering plant Chrysanthemum indicum L. (CI).
No camphor-mediated cytotoxicity was observed over a period of 1-10 days in studies targeting cells
of the 3T3-L1 adipocyte-like line. Experiments that featured siRNA-mediated suppression of the trans-
membrane proteins Patched (PTCH) and Smoothened (SMO) resulted in inhibition and activation of
differentiation, respectively. Interestingly, inhibition of PTCH typically activates SMO protein targeting
and serves to activate hedgehog (HH)-mediated signaling. The results of our study suggest that acti-
vation of HH-mediated signaling can inhibit adipocyte differentiation. Furthermore, expression of glio-
ma-associated oncogene homologue 1 (Glil) was detected by flow cytometry in 62.7£1.5% of cells in
response to administration of Lactobacillus rhamnosus (KCTC 3237) and in 60.4£2.2% of cells in re-
sponse to camphor; these levels are higher than those detected in undifferentiated controls (24.913.1
%). No change in the state of fermented camphor was identified by gas chromatography-mass spec-
trometry (GC-MS), but a 15.41% quantitative increase was confirmed in KCTC 3237. Overall, we con-
clude that administration of camphor resulted in overexpression of SMO and modulated the differ-
ential expression of Glil. Animal studies focused on the impact of camphor as an agent to counteract
obesity might be considered in the future. Indeed, camphor and similar physiologically active com-
pounds from fermented CI might be developed as new and effective treatments for obesity.
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HdS F5351H, leptin® adiponectin 5 AW A4 FHAAE
o) Wels 2HIH1]. PPARyY A= &43tH AMP-acti-
vated protein kinase (AMPK)7} 2+-8-3t1L, A WFA 2 #3515
FEste AALAY] Bds 2EFo =N AYH LA L}
AGTFAZES] £35 dANTE A2 BAHATH30].
Hedgehog (HH) A5+ 2|7t=E %3] &A435H smoo-
thened (SMO)E #2314 patched (PTCH)E 9 #1Al# SMO
& A3 A711, o] & 53l glioma-associated oncogene ho-
mologue 1 (Glil)& # 0= o]F3te HH A5 E &A3td
B2 FrAI 4] olm ARAFAEE HH QS E 243
3 Az FAHG 835 T ALTAEE waEY
HH A3 & 2438 Je 2 WA 24 AFAE B35
A3 & 5 AEF 2HAN(11]. 53, Glil D] B
FHHYA PPARE =/ 2Aeta AWTFAHEE L37=
qZ& sk, Glilsh PPARS] 282 AP 741 £ 3T3-
L1 MEZFoA 943 BAYES Z1d bk k3]
SMO¥ HH 4139 %—H 24 B2 975304 HEK

23T M EF A SMOE HHA 7] & F&F21 E(plasmid) 7}
JAAE & 2 2HE T2/ S7HE AU L[22], SMOE =4
3= miR-370% E3) HH 4132 A8t Sz 434S
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[ete AF7F AFHATH12] AAEANAE FollA £
¥ A 3 243 (sulforaphene) ©] SMOE 243t 3T3-L1 Al 2
T AFAE B35 AAE A7 BH AT

Camphor+ ultraviolet (UV)ell &g vpg-2 271 A A2
4 9 sl ik AF7F BaE S0 H, reactive oxygen
species (ROS) w7} ®] EZE 2|0} apoptosis A S5 FH 38}t
FAZE AHEAI L FEEAE 2 A0 LA o
[25, 28]. ©]4 & camphore]l tg AT GAE A 2 A=
Ao A A7 APHJN L, AWFAE Z33H AT e
ol m) g Aol

A AT A = (Chrysanthemum indicum L) FEE S
117}A 7 (Lactobacillus delbrueckii subsp. lactis, Lactobacillus
acidophilus, Leuconostoc mesenteroides subsp. mesenteroides,
Lactobacillus rhamnosus, Lactococcus lactis subsp. lactis, Lactoba-
cillus paracasei subsp. tolerans, Lactobacillus casei, Lactobacillus
brevis, Lactobacillus kitasatonis, Lactobacillus reuteri, Lactobacillus
fermentum)Z WEE ANH LS, I F Lactococcus lactis subsp.
lactis KCTC 3115% & A HH A 55 ZAstHA AL7A
T E3tE A AT
ehA B AFoME dx FEEAA ARTAE £33
Astes dYEZSY camphord] &3} 9 AWFAHE £3lo] G
&S Fv HH A5 74 24 el viAYES A7ttt

o4 _12

9 g

M

HUI

FEyelA F8E + e EEL S
A3t camphorg 2138t 1, camphor (Sigma-Aldrich,
ST. Louis, MO, USA)E Tujste] & 3o o] &3t

U= 820 RUF U5

Fr4ket Lactococcus lactis subsp. lactis KCTC 3115, KCTC
3109, KCTC 3074, KCTC 3237 A &4 A B (KCTC, Jeong-
eup, Korea)o| Al % o} A g o] &3ttt AP AT oA
o] g3 TEH A= FE2<E ol &sAH]

Camphor Z&&E GC-MS &F

Camphor % camphor &&0] 2= po] & &lsty] 9
8 GC-MSA @& 218t th. Camphor %+ camphor'd & &
EE AE EEE 05 g 3% SRTF S mls Hol HoE ¥

fiberd 432 FFAI717] s 70°Cell A 20% <k A8k
ANEE AHESIAT 302 ¢ BE S AL solid-phase
microextraction (SPME) fiber (Pink: PDMS/DVB (StableFlex"))
& A83H . 292 gas chromatography (GC) columns
(DB-5, DB-5ms, DB-DIOXIN and Cp-Sil 88, 30 m x 250 ym
x0.25 ym)E ©| 83921, Agilent 7890 gas chromatogra-

phy/5977B mass spectrometer (GC/MS, Aglient Technologies
Inc., Santa Clara, CA, USA)E ©] &3t} Data #4212
retention time (RT) 524, oven% 50CE Z4 3% 2H, post
run 110CAA 2% 5CH 280C7HA €31, Z hold time&
5%7F 9t Mass parametere start time 164 F-E low
mass 35/high mass 4007+ 43St} Column # spec-
trum< Hlwste] TSN SHE AR 442 va 1
< 393 "HE YE HOoE % = At

o

NI 3 HESY 53
3T3-LIA EF& g5 A 523 (KCLB, Seoul, Korea)©l 4]
£ wol AL o] 54 E 2ECyto-X (LPS Solution, Daejeon,
Korea)A| ol o] 8314t 3T3-L1 M EFE 9 well plate (SPL
Life Science, Pocheon, Korea)®l 1x10* A Z 42 10% bovine
calf serum (BCS, Welgene Inc., Gyeongsan, Korea), 1% pen-
icillin streptomycin (Capricorn Scientific GmbH, Ebsdorfer-
grund, Germany)©] ¥-+¥ Dulbecco’s modified Eagle’s me-
dia (DMEM, Capricorn Scientific GmbH, Ebsdorfergrund,
Germany)E AH&-3te] 37T, 5% CO, 279 incubator (WS-
180CA, World Science, Bucheon, Korea)ell A} Hlj o3} 3T} 12
hr HH *a A camphor% 500 mMEE AL3 AW o T A
F 99 24 hr - 2 wello] 10% (v/) BER CytoX A%

% 7‘:.47} & SUdZ AR 4 hr TY ZHAA Hlg T 450
nm &35 (SpectraMax i3, Molecular Devices, San Jose, CA,

SA)l A 248 T,

MZ 235 & 231 MEFQ MESM

3T3-L1 M ZFE 32 well plate (SPL Life Science, Pocheon,
Korea)oll 35x10° A £ 210% BCS 1% penicillin streptomy-
cin7} &8 DMEMH|A| o v ¥ & 95% A Eufj o] s
%10 ug/ml insulin (Sigma-Aldrich, ST. Louis, MO, USA),
0.1 mM dexamethasone (DEX, Sigma-Aldrich, ST. Louis,
MO, USA), 0.5 mM 3-isobutyl-1-methylxanthin (IBMX,
Sigma-Aldrich, ST. Louis, MO, USA)7} £3%4¥ 10% fetal bo-
vine serum (FBS, Capricorn Scientific GmbH, Ebsdorfer-
grund, Germany) #3} #jA & w st} 293t wf Fak ATt
29ttt 10 pg/ml insulin®] £ 10% FBSHA| 2 2 35}
camphor< 150, 200 2 250 mME A g &t} 1097 wj %<
A3t Oil Red O (ORO, Sigma-Aldrich, ST. Louis, MO,
USA)EA & 3T3-L1A| £+ 5 ##3}1L isopropanol (Sigma-
Aldrich, St. Louis, MO, USA)E &ZAlA SpectraMax i3
(Molecular Devices, San Jose, CA, USA)°ll A ¥3= 510 nm
2 9% 5 4P FTESAL

Gli1 & FACS EM
T3 3T3-L1 A5 Glil 892 2d S $4387] 98]



15x10° A 2SR FH) & camphor< 150, 200 ¥ 250 mM&
A8t 49 35 ¥ pH 74 Dulbecco’s phosphate-buf-
fered saline (DPBS, Capricorn Scientific GmbH, Ebsdorfer-
grund, Germany)& 13] A& % DPBS, 0.5% bovine serum
albumin (BSA, Amresco, Solon, OH, USA), 0.1% sodium
azide (Sigma-Aldrich, ST. Louis, MO, USA)% WHE fluo-
rescence-activated cell sorting (FACS) buffer 500 pl°l 0.1%
(v/v) EZ Triton X-100 (Sigma-Aldrich, St. Louis, MO,
USA)S ZA5t9 1583 permeabilization A Th FACS
buffer® 13] A4 % Glil- fluorescein isothiocyanate (FITC)
antibody (Novus Biologicals, Littleton, CO, USA)E 1 hr @4
3t At} FACS buffer® 13] A4 % Attune ® FACS machine
(Life Technologies, Darmstadt, Germany)< ©| &3¢ 490
nm excitation, 520/20 nm emission Aol A E4 3190

siRNAE 0|88 RHX AR EM

3T3-L1 M EFE 60 mm A ZH] & HA(SPL Life Science,
Pocheon, Korea)®] 35x10° A ESZ 24 hr #1 %8 H serum
free DMEM®] Lipofectamine 2000 reagent (Invitrogen, Carls-
bad, CA, USA) 20 ul 9} 15 pmol PTCH siRNA(Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) ¥+ 15 pmol
SMO siRNA (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA) 6 I £%3}9] transfection 3t th. O| 2T & con-
trol siRNA (Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA)Z AH&3tgith 12 hr 3 10% FBS 7} 23t DMEM ¥ A
2 w3 H 48 hr §¢ F7F 3 FEoTh

12 hr W] %3t 5 camphors 150, 200 2 250 mME # ] gt}
MEE +3 35t RIPA lysis buffer (ATTO Corporation, Tokyo,
Japan)®ll phosphatase inhibitor cocktail (ATTO Corporation,
Tokyo, Japan)¥ protease inhibitor cocktail (ATTO Corpora-
tion, Tokyo, Japan)< 1 x 2 410} &l 1 hr &< lysis®
13,000 rpmol Al 2027t Y41 &2 7](Smart R17 Plus, Hanil,
Daejeon, Korea)oll Al A &8 & Attt d4l&e] & 4
+94& 3473} Bio-Rad protein assay (Bio-Rad Laborato-
ries, Hercules, CA, USA)E &8-3ll A& & 20 uge] 4 d-&
sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) gel method& ©]&3ta] 7] 4% 3%t Gel
transfersl @A -& 1x phosphate-buffered saline (PBS, LPS
Solution, Daejeon, Korea) buffer 1,000 ml# Tween20 (USB
Corp., Cleveland, OH, USA) 1 ml& 4}¢] THE PBS-TYl 5%
skim milk (KisanBio, Seoul, Korea)E 1 hr 5} blocking %
14 FAE 7 7 11,0009 FE2 12 hr 4T A
AelstAth. PBSTE 33] Al 5 224 &A1 S 742} 150009
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FEEZ A2oA A A A PBSTE 3 3] A4 £ Amer-
sham enhanced chemiluminescence (ECL) western blotting
detection reagent (GE Healthcare, Little Chalfont, UK)E ©|
g3to] BAE 24359t FA = anti-C/EBPa, anti-p-p38
MAPK, anti-p-AMPKa, anti-PPARy, (BioVision, Milpitas, CA,
USA), anti-SMO, anti-B-actin, anti-AMPK (Santa Cruz Bio-
technology, Inc., Dallas, TX, USA) 4 anti-Glil (Novus Bio-
logicals, Centennial, CO, USA)E ©| &3ttt

12 hr ¥ %8 5 camphorE 150, 200 2 250 mM& A €] g},
AZE $335t9 3T3-L1 MEFZHE FEasy-Blue reagent
(iNtRON Biotechnology Co., Seoul, Korea)< ©]4-3}9] total
RNAE FZ3At %9 RNAE M-MLV RTase (Promega,
Madison, WA, USA)Q} Random primer (Promega, Madison,
WA, USA)E ©]-&3ta cDNAE #4383 SYBR Green Real
time polymerase chain reaction (PCR) Master Mix (Roche,
Mannheim, Germany)<¢} LightCycler system (Roche, Mann-
heim, Germany)< A48t qPCRE 3ttt ZE 4
A 23 F =& glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)®] #dgho = HAS G

Primer sequencex PPARy (5-GGA AGA CCA CTC GCA
TTC CTT-3', 5-GTA ATC AGC AAC CAT TGG GTC-3'),
C/EBPa (5-GCA GCC ACT TGA GTT CTC AGG-3, 5-GAT
GTA GGC GGA GAG GTC GAT-3), FAS (5-AGA GAT
CCC GAG ACG CIT CT-3, 5-GCT TGG TCC TTIT GAA
GTC GAA GA-3), GAPDH (5-AGC TTC GGC ACA TAT
TTC ATC TG-3, 5-CGT TCA CTC CCA TGA CAA ACA-3),
Adiponectin (5-GAA GCC GCT TAT GTG TAT CGC, 5'-
GAA TGG GTA CAT TGG GAA CAG T-3), SMO (5'-CAG
CAA GAT CAA CGA GAC CA-3, 5-GCT GAA GGT GAT
GAG CAC AA-3), Glil (5-ACT GGG GTG AGT TCC CIT
CT-3, 5-TGG CAG GGC TCT GAC TAA CI-3)< o] &3}%it.

Foofm
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X
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1
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AEBH AR 38 B8 9L Fa SR,

two way analysis of variance (ANOVA)Z 41|
T3 p<0.050.2 AL AAHT. FAZZIHE Graph
Pad Prism 5 software (Graph Pad Software, Inc., La Jolla,
CA, USA)E ©] &35t
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Mitochondrial dehydrogenaseg} 3}9‘3}& WSTA €9 A oF
< ol &sto] A2 FHES ZA8h Camphord| 3T3-
L1 M zFo g xﬂE%*éf 1% ﬁJ 500 mMo| A & H.o]
A % 9kTh(Fig. 1A). B3, 3T3-LIMEF 9| £3& 79 o4
2857 WEd 1097149 ME5HS FAdd A3 250
mM ©|3te] FEoA AlEFA o] glAThFig 1A). w3 594
AZEYE dimethyl sulfoxide (DMSO) # ] € tf 2 o ¥
AZEAE HolA ¢9tth(Fig. 1B).
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Fig. 1. Camphor inhibits the differentiation of 3T3-L1 cells without inducing cytotoxicity. A. Cell viability at t=1 and t =10 days
in response to administration of varying concentrations of camphor; B. Methyl-isobutyl-xanthine, dexamethasone and in-
sulin (MDI)-induced differentiation of 3T3-L1 cells in the presence of camphor or dimethyl sulfoxide (DMSO); C. Oil Red
O (ORO) staining of undifferentiated cells (BSC), cells treated with Lactobacillus rhamnosus KCTC 3237 (3237) fermented
Chrysanthemum indicum L., and cells treated with camphor; D. Results of transfection (12 hr) with control siRNA (C-si), SMO
siRNA(S-si) or PTCH siRNA (P-si) 12 hr followed by MDI-mediated differentiation.



A= MEZAHE HolR ¢of 250 mMe Al ZA 7t A4 &
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Camphor2 SMO M &1} ¥ SMOQ| 23 =&
A ZE3 A A ZAL 5 ¥ camphorg A 2] d 3T3-
L1 A ZFo]A HH 415 5 SMO, PT H % GlilE 4354
. ORO gM& B3l = L& E 9 camphor A oA
AFAE E37h qAE A& FelstgthFig. 1C). mRAN
g g d oA SMO ¥ Glile] 7te & 2+ §<3 1 (Fig.
2A, Fig. 2B), #3} 494 camphorE A A3kl SMO siRNAZ
o] &3tef SMOE Al A £37F Al fr =5 U th(Fig. 1D,
Fig. 2C). PTCH % SMO siRNAE 77} 2] A PTCH ¢ A
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siRNAE &3l 578 SMOE 243td 23/ dd 9&<
H 2 E A FY5HA camphorE A Elstd £3p7]He] 4
< Fol BEYATF He AE FAT + YA

HH 4159 #4438 d7 & PTCHS w&43 A7]= HH
e Aol os) A& gads T PTCH E3)
7} = T24]. PTCHY &31& &3 SMO7} CSNK1Al
(CKla) ¥ G protein-coupled receptor (GPCR) kinase2
(GRK2)<}9] g B3l Q4tslrt &A3t5 31, B-arrestin
o dde T o AEHES AT, 6]. ﬁmi}ﬂ SMO
= GliE 24381711 HH 3 #d9 #1445 A5, sup-
pressor of fused (SUFU)Z# ¥ d2j& 35t &4J3t4 Gl
7hAIE S, AE, AT B A EAA L gl ™
9 AAE B T17). £, SMOE B2 848 =
= JAA7E WAUSS 3 HHASE 2dste A7)

T

ohokstAl A= A3, 12]. £3], 3T3-L1 A EF A& SMO
£ SA NI Z, FAEZANE SMOE A& A x9 A%
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Fig. 2. Evaluation of 3T3-L1 preadipocytes by qPCR and Western blot. A. Relative expression of mRNA in response to camphor
(Data are expressed as mean = SD. Significant difference from differentiation control by two-way ANOVA followed by the
Bonferroni’s test: ** p<0.01, *** p<0.001); B. Western blot of extracts from 3T3-L1 cells differentiated for 5 days in the presence
of Lactobacillus thamnosus KCTC 3237 (3237)-fermented Chrysanthemum indicum L., camphor or DMSO; C. Western blot analysis

targeting hedgehog pathway proteins.
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3 Aate AFEo] R o8]

£315 2dste 71dE& HH 43 o9 % cyclin D1,
phosphatidylinositol 3-kinase (PI3k)/Akt ¥ mitogen-acti-
vated protein kinase/extracellular signal-regulated kinase
(MAPK/Erk) o] A3t A% camphor®] A2 Al pro-
tein kinase B (Akt)= ZH %A o3k H(Fig. 2B), ol& 7]&
ATl A = -ir%” ol A Akt7} 2HH ]+ camphor©]
oof 4o tigh FFolet Helts].
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(lutteolin)o] °F2] 42 S v} YTH19, 27]. Akt 2H<I
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Fig. 3. Expression of Gli 1 (FITC) by 3T3-L1 cells in response to Chrysanthemum indicum L. extract (CI) alone, in response to each
of the bacterial mediators of fermentation, and to camphor. A. Undifferentiated cells (BSC); B. 3T3-L1 cells differentiated
in response to MDI; C. Cells treated with DMSO; Cells treated with D. Lactobacillus casei KCTC 3109 (3109)-fermented
Chrysanthemum indicum L.; E. Lactococcus lactis subsp. lactis KCTC 3115 (3115)-fermented Chrysanthemum indicum L.; F.
Lactobacillus rhamnosus KCTC 3237 (3237)-fermented Chrysanthemum indicum L.; G. Lactobacillus paracasei subsp. tolerans KCTC
3074 (3074)-fermented Chrysanthemum indicum L.; H. Chrysanthemum indicum L. extract (CI); and I. Camphor.
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Fig. 4. GC-MS analysis of chemical derivatives associated with the fermentation system used to produce camphor. A. A GC profile
of derivatives from Chrysanthemum indicum L. extract; B. A GC profile of derivatives from camphor; C. A GC profile of
derivatives from Lactococcus lactis subsp. lactis KCTC 3115-fermented camphor; D. A GC profile of derivatives from Lactobacillus
casei KCTC 3109-fermented camphor; E. A GC profile of derivatives from Lactococcus lactis subsp. lactis KCTC 3115
(3115)-fermented Chrysanthemum indicum L.; F. A GC profile of derivatives from Lactobacillus casei KCTC 3109 (3109)-fermented
Chrysanthemum indicum L; G. A GC profile of derivatives from Lactobacillus rhammosus KCTC 3237 (3237)-fermented
Chrysanthemum indicum L, H. A GC profile of derivatives from Lactobacillus paracasei subsp. tolerans KCTC 3074
(3074)-fermented Chrysanthemum indicum L..
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WAl 3T3-LIA EF9 Glil TdE 341+52%< WHH
238 A X= 249+3.1%, KCTC 3109 23.311.9% = W& o]
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%2 BAFAHE FEF AT W, KCTC 32372 62.7+1.5%,
camphor 604+22% % Glil9] @] FolA & A& &3t
%A Th(Fig. 3).
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B oA TCF4 9 B-catening Western blot 2 213k
A3} camphorel] 93 2HEH = A FAT 4§19 or(data
not shown), PIBK/AktE FelA A HE AF7F Bals
AATH31], & Al A camphorel 93l Akt7t 2 A &
.
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Mol 2 0|

Camphorg &AM Aol GC-MSeA 315 =
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o} (Fig. 4B). TiF, MSY A molecular weight Z}o] & H.o]A|
%%, camphord F2& W3 HA ¥ AYE AP
(Fig. 4C, Fig. 4D). o] 22 A= AR A camphor?]
TEHEE Qe AoR dddn.

s F2E] HaRA F camphor?] ¥ Aol & <3}
Ao 24 FEEANAMY camphor? areat 0.68%% KCTC
3109 24.82%, KCTC 3115 29.33%, KCTC 32372 1541% =
A= FEEEY camphord] ol $7HE A UL+ AN
T} (Fig. 4A, Fig. 4E, Fig. 4F, Fig4G).
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Fig. 5. Schematic representation of cam-
phor-mediated inhibition of adipo-
cyte differentiation by CI fermenta-
tion (CIF) products or camphor via
PTCH-SMO-Glil-mediated down-
regulation of lipogenesis.
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