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Ethanol extract of Plantago asiatica L. controls intracellular fat accumulation and
lipid metabolism in 3T3—L1 Adipocytes
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ABSTRACT

Objectives : The effects of ethanol extract of Plantago asiatica L, were investgated on adipocyte differentiation,
lipopogenesis, lipolysis and apoptosis using differnentiated 3T3—L1 adipocytes,

Methods : Plantago asiatica L, was extracted with ethanol (CCE). We carried on MTT assay for cell
proliferation, Oil Red O staining for determination of cell differentiation and intracelluar adipogenesis, TUNEL
staining assay for cell apoptosis, and Western blot analysis for measurement of pAMPK and pACC, C/EBPe,
PPARy protein expressions were performed,

Results : The addition of CCE up to 0.2 mg/ml into cell culture media showed no cytotoxicity, Treatment of
0.2 mg/ml CCE significantly inhibited differentiation in 3T3—L1 preadipocytes. Lipid accumulation of the CCE
treated cells was decreased compared with that of control, Induction of cell apoptosis was increased in CCE
treated cells compared with that of control, AMPK and ACC levels of the cells with 0.2 mg/ml CCE were led to
phosphorylation and also expressions of C/EBPa and PPARy, as adipogenic transcription factors, were
suppressed compared with those of control,

Conclusions : Taken together, these results provide evidence that CCE has a regulatory role in lipid metabolism
that is related to differentiation into adipocytes, adipogenesis and apoptosis,

Key words : Plantago asiatica L, differentation, adipogenesis, apoptosis, anti—obesity.
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27)7|= Fht}, olzgt HIRE Y] Ao 2= M= AH
Az 23t F7F oA AR a7y E4E, AsE
As# 4§47 2907 So] k. AARAZTHWHO)E
dlEo s ojd 2609 ol ARFsiE shed 20159 AMA
ML 159 o Fkstel Az AURAIG A
Roleka Busla gich,

HITHATO in vitro NJE RAE @Wo] AMEE 3T3-L1
A= A AfmAEelA feiE AR Z(preadipocyte)
24 E37F JPIFE APAZ AT HdE= ok A
ARIZFE o8l AHEH Bofdls BAE0] B 7HA
A =, I 23 AFAZENG FHE ZFA =Ho A2y
AE SH3ich ol dt AP ZF 4 (adipogenesis) T
= Az FH, f32 9@ o] wd, s22 1A
A3l So] U U5n AuyEEPAe B 7|He=
peroxisome proliferator —activated receptor (PPARy) &
cytidine —cytidine—adenosine—adenosine—thymidine
(CCAAT)/enhancer binding proteins (C/EBPa, C/EBPS,
C/EBPS) &1} 722 A AR 5ol a3 4=
24 #wolVsl= Aoz 4A Utk C/EBPas} PPARyE
B3} 7)o AR XA FolHQl {HAe UES
g oz BatE B2 2AAA BaRe 94'A
713, Asd ALAE A4S A% ded Aol F8%t
Agg ggRtet?, webq e A7 99 F9 shrel A
APz Eopzra, AWEd 92 Esi2dEn AUAEe
apoptosis &= & AHAIEZY YA 2H]| Tt H]
9 AgA 9 L Hsll A AAACR ozt dFEo] &
R T gtk Jeu AbEE Fun GBS giREol
o A, BE, Boh 55 53 g2 A4w wget s
S 7HAAL §lo] HdAde] SRE 943t 559 T EF
9] Jfdro] MAS] Q7= gl

Az(#EREE, Flantago asiatica)y= 273°]¥Plantaginaceae)
o £t ThdA 2EoE FAAC] 3% 300%0] LEsT
glom ‘Aol TanE Bury Ao opain] YR, Ae,
Z=, Aol Ao} Fof BEse Fgoly Art E
HE Fold &3] A=t A=ZRE A", I+, A3} &
Y FEFE wZel] Ve R Wol| AMEEo
gom 3ZFFo] g4 7S BRI 718 WY e,
2:3lolo) BHlE EXIAZIAL HA, o, o)k, HAL AW
5 TRt Mg 7T o] dEA e, iz

9] JEOZE agucubin, disaccharide I—IV, plantagnin,

o r|r

plantenolic acid, adenine, choline $°] Ei1E3 ¢lom,
oA A2 FE2E I 14Y, 908 FHERS AES
sk Ax, gt B4 9 fASAe digh Aol EREY
9»1.;]_21422)

meba E AFoA= vet X5 TSt AIAEZHE
ARA| 2RSSR, APALT SHGA4 D apoptosis =
2SI = FHTAE et Az dEE FEE
2 ez AF AXHA|ES 3T3-L1 preadipocyteE ©]
Lot AHPAER B A] AEHT old Tofshs LS
9 &dE &5t FuY adE st} STt

B A% g AHEE WY AA(ILo=R
AEE FUstol dretely BRstmAdA . s
on ZR42 AZE) ART F oBAL AR AFe

Mg abdze] Az oFA 600 goll 10819] 95% ofg
S5 7hslar A2ellA 2A12F JXAK &, AZE 13 A=
I o7A(Whatman, 1440-320)2 sttt A o
oS rotary evaporator (N—1110V, EYELA, Japan)Z&
4 5% & 52 AxstY 8,629 582 A+ UXE

= e, olE Ayl AR

2) Al 2 7|7

3—isobutyl-1—methylxanthine (IBMX), Dexametasone
(DEX), 3—[4,5—dimethyl thiazolyl]—2,5—diphenyltetrazolium
bro mide (MTT), dimethylsulfoxide (DM SO), insulin,
fenofibrate, Oil-red O A]2F2 Sigma AldrichAHUSA)<JA]
T3t 2m, high—glucose Dulbeco's modified Eagle's
medium (DMEM), bovine calf serum (BCS), fetal bovine
serum (FBS), penicillin/streptomycin  (P/S), Dulbecco's
phosphate—buffered saline (DPBS), ele ctrochemiluminescence
(ECL)& Thermo ScientificAHUSA)oA A5}t

AMP—activated protein kinase (AMPK), pAMPK, acetyl
CoA carboxylase (ACC), pACC 3¥Hl= cell signaling
technologyAHUSA)o)| A F£3t91l, PPAR y, C/EBPa, B
—actin 12} &A & 23} FA= Santa CruzAHUSA)OIA T
A3t9tt. Polyvinylidene fluoride (PVDF) membrane2
MILLIPOREAHUSA)ol A FstEtt, FAHRFORE 22l
rosiglitazone (Rosi)2 EnzoAl (USA)oA FYstgeny, 1
9] AFIA 2 BE ANIE2 £48 57 oldeE 14

shel 2 Ago] Agstart,

2. 9y

1) 3T3—L1 M= HiQF 2 Esiex

3T3-L1 w"heafel  HjopdfotlZe  mimAZFL23
(American Type Culture Collection; ATCC, CL—173TM)
oA FAste] AMgSIFeH, AEZE= 10% BCS, 1% P/S&
Z33t DMEM Hjx|E Agste] 370C, 5% CO. Hj%7|
(MCO—15AC, SANYO, Japan)ollAl BiFAIZ] & wigAS
Baloew wjFd (0.5 mM IBMX, 2 uM DEX, 167 nM
insulin/ 10% FBS)2.2 v 2U7t Hjksict 2d &
167 nM insulin/ 10% FBS X2 n&sly A3t XA
Z(adipocytes)Z THEUTH AHx FEE(CCE)2 Hijx] &
A A 7mtct 3HA A= st

2) Mz==d ZAt
CCE7} 8T3-L1 MZE=A A & dopar] g5t
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o 5 X 10" cells/ml®] AJZo] CCE Z+ 5% (0~1 mg/ml)
H2 APste] MTT ARFHE o-&ste] 454t ELISA
reader (Tekan, Austria, Switzerland) 540 nmolA &%
T A5t on. 2% 30 welld] Bk ol-8ste] b
SHAT

3) TUNEL &Ad

Apoptosis FAAMEZE A7) Y8l TUNEL assay kit
(11684795910, Roche, Manheim, Germany)< ©]-&3}9]
TUNEL fAS AAEITE A|ZE 4 chamber slideo] H
Fste] E3fAZ|aL E3F ubx]gto] AJE 0.05 mg/ml, 0.2
mg/ml CCEE ZZ 24A17F AHstgon FAHUYRGFER
0.5mM rosiglitazone (R2408, Sigma—Aldrich, USA)S A
gyt B3t Y AlZ2 D-PBS (SH30028.03, Thermo,
USA)E A|A3t & 4% paraformaldehydeZ 4204 1X|7+
1%t & D-PBSE AlAgt thgol 3% Ha0:2 F4ll(blocking)
E AANE & R §AE Frkste] AEd § TUNEL
assay kit (11684795910, Roche, Germany)Z 50 ul 7}
sle] 37°C YAloA 1A7F HH2A]7]1 DAB solution®2 ¢
A5t CCE A M EZNA AZAFE =& dujgo=z T3
st

4) Oil~red O A

3T3-L1 AlzzofA ALAlz &3} 9 A e CCEZt
X G gotR7] Hste] Oil Red-O G4 A¥S &+
F3lAch, NZE3} Fo| CCEE Z4Z o2 %%=(0.05, 0.1,
0.15, 0.2 mg/mL)E o|&°] g ¥ wjx & w3ty A=
sloich. 109 ¥ Azl A4 F D-PBSE AlFsia
pH 7.2 Cacodylate buffer® 4TCoA AZE 1%, ZH$
2 AFste] AWTLE Oil-red O FHAFoE FAS T
40% Isopropyl alcoholZ A|&3t & Fu]74(CK2, Olympus,
Japan) o2 IASIGTH FME WA Z] WEF EHS
A& A=AIZ] &, 100% isopropyl alcoholZ A|HS &3}
o] 510 nm A EFF=A (Lambda UV/VIS, Perkin
Elmer, USA)Z2 HFF=S ST o, Az AYFS
i 2A Z et %= EASAT

5) Western blot £4

CCEE ol&° 3 ¥ 33 A7 & FHPgFe oids
10% Sodium Dodecyl Sulfate (SDS)—PAGE°|A E&|3t
35 PVDF membranel® 200 mA°JA 2A17F E<¢F HolA]
Zch @A Ho|® membraned 5% skim milkE 23}t
o] v|Eo]ZQl TR gt blockings AAlSta, A3t
12} &4 (pAMPK, AMPK, pACC, ACC, PPARy, C/EBP
a, f—actin)E 4TolA sHEERF Hestdtt, TBS-T= A&t
T, 1AZE S8 2ol 23k AL WA & A F sk,
ECL Ao APste] X-ray filmol| Z-EAIA Al ©d
WS st

6) SASA A
EAA2](Student's t—test)= GraphPad Prism 5 program
(GraphPad Software, Inc., La Jolla, CA, USA)S AME3}

FaL, g=AZ g 794 A2 p0.05 FEollA AA

SHT

2 3
1. 3Az JEE FEE(CCE)o] AZAEE

ARE 9

CCEZ} Alzof| w2l 54 F3S gotrr| ¢J3) 3T3-L1
AZo| 0~1 mg/ml %59 CCEE ZZh Aastz MIT &
AU o] gste] NZAEEE &ttt 1 23k 95%
vt A" dizael HFICCES] AEszol oEyoez
APA|EY] EEo] bl AR TJHEUT £ AF
AREE 0.2 mg/ml = AE AEAG] Fod F3Fe vet
WA| gkot o]& HAFEE o] TN PstAThFig. 1).

Cell viability (% of control)

Concentration mg/mi

Fig. 1. Effects of CCE on cell viabilites in 3T3—L1 cells. Control
was treated with 95% ethanol. Data represent the mean = SE. of
triplicate determinations from three separate experiments.

2. A0z ofehg FRE(CCH)Y 3T3-L1 A%
Ao TUNEL |M] dig &z}

DMSORte 2 A& ti2F A+ apoptotic cello] Tzt
HA] gorort FARFESR 0.5 mM rosiglitazone
T3 CCEZAA AZAPE FAduhgo] wol] A== Ho=
Hol WA EZ AMHo| SEEE AE FEsIATHFig. 2).

(8) 5 mM

(€) 0.05 ma/ml CCE

peitieg, SNE ¥ [ve A el

Fig. 2. Induction of apoptosis by CCE treatment in 3T3-L1
adipocytes, To investigate the morphological of change of TUNEL—positive
apoptotic body formation, the cells were treated with 0.05 and 0.2
mg/ml CCE for 24 hours and stained with DAB solution. Stained
apoptotic cells were then observed under light microscope.
Magnification, X200.
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3. AAz oEg FEE(CCE)°] 3T3-L1 A=
9] A YZAH | vz = FF

CCE A7} AE49] Ard mXes FFE ABYI
A8 Oil-red O BAHoRE Az | A9 2718 &
Zst A3, CCE 0.05, 0.1, 0.15, 0.2 mg/mle] 5% =%
oA thxAEe| Hl3] FejHoR AgEH FAE YERUTH
. ZF HY=To)A 86.5%, 85%, 80.7%, T1.7%% FE°
AHog AEHol AAE e 0.2 mg/ml F=olA %
g2 fenoﬁbratesq 20.2% AAILHET} 8.1% S
28.3%9 JqA&S B AtH(Fig. 3).

o, I'I'N AN

o SRR

02 m/ml cce

' i G
0.1 mg,'m\ CCE 0.15 mg/ml CCE

®

% of Control

CON 35 M a0s 01 015

CCE (mg/ml)

Fig. 3. Effects of CCE on lipid accumulation in 3T3—-L1 cells.
3T3—L1 cells were treated with various doses (0.05, 0.1, 0.15
and 0.2 mg/ml) of CCE ethanol extract every other day for 6
days. Control was treated with 95% ethanol. Images of
representative cells captured with a microscope (A), Bars were
quantified by the lipid accumulation using spectrophotometer (B).
Data represent the mean £ SE. of triplicate determinations from
three separate experiments. , ©{0.05 vs CON

4, FAZ oetE :EE(CCE)°] 3T3-L1 A4
AN3Zo|A AMPK, ACCHZ o] u|x&= JF

CCE A7} 3T3-L1MZAA v|TEtE 2:#Q] AMPK,
ACCY| ¥Halo] u|X|= F3ES Bolslr] 93] western blotZ
S3slglty, 1 A, 3T3-L1 AANZ7 Edlsle B9k A
23t CCE: dizAIZ vlgle] AZ Ul ofuix] Aeie} o
d Q)& AMPK ¢lAkel 2 gb ofuzl xdh A4 2 xuRAE A
slol FH3t ACC XIS FojFoz Z7MARTHFig. 4).
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pAMPK P \:l
AMPK B E

Fig. 4. Effects of CCE on AMPK and ACC phosphorylations in
3T3-L1 cells. 3T3-L1 cells were treated with 0.2 mg/ml of CCE
every other day for 6 days. Control was treated with 95%
ethanol. Data represent the mean = S.E. of triplicate determinations
from three separate experiments. *, p{0.05 vs CON

con SuMRes 02 malml CCE

5. ARz oFE FEE(CCE)°| 3T3-L1 A
HN|3Zo| A PPARy, C/EBPe THA uHdo] u|x]:
G

CCE7} AHAIZES] dHA TS she 5% AR
ARl PPARy, C/EBPq9] ©iid Wrdmko] n|2= JE§S &
AE7] $3A western blotS 3t Z3}, PPARy,
C/EBPa E5F CCE©| tiA|3o] H]|ste] Thala dagko] &
oFoR FArEHE AL FISHATHFIg. 5).

ppARy} B > C/EBPa B [ -

Bactln)l ——— |

fractin P

Fig. 5. Effects of CCE on PPARy and C/EBPa protein expressions
in 3T3—L1 cells, 3T3—L1 cells were treated with 0.2 mg/ml of
CCE every other day for 6 days. Control was treated with 95%
ethanol. Data represent the mean : + SE. of triplicate determinations

from three separate experiments. , ©{0.05 vs CON
a z

A ool atol| A= um& AA7st] Q8 FBEHAH, 25
m Aojaw sead oFEXRAW 5o WHS AAE

o Qe HMOﬂ grojstoA] ulghe] AQNE |, K
i, 5% 5o fdlom WARTE oj7ln glon] Alolay
I PEay oo F2 {TRUML, K, IEIERS 2e kR
awoz gsty Qo st YjolRu|el T &F
AL FARE, FEFE So| YZEon A
243} 7+ £4F 3jHo] foldt Fko| oty RiEojd g
o9 A2 AARL 22 o gk AZA ] tgt A7t
7 ghts|AE| T 9lom HzE 3T3-L1 AHA|ZA
Aol Bat 1l Ao gt A7t BuER ggrenz
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£ A¥e BE A7ANE FHTARA AL TFsAS A
stk g 4 gtk
B ATelE 313-L1 AEE A odelA Agmz

E3hA7le IAo CCEE H7iete EAE 53 uwt
235 Flstaal sttt

TUNEL gGM& E3F X9A|29] apoptotic cell EAZAx}
i Z2A|3zo]| H]dte] 0.2 mg/ml CCE X2%E=o)4 TUNEL
M| ofdoZ Hol= DNA a7} A433] Wol THE
on, FEE2 5% F7l) @t apoptosis = EIE B
gt mebd CCEZF AWAIZ At 5317} Qe Ae=
Bl

3T3-L1 HALANZ7} AHAER] Eolaye] ueht=
A Ag/do] CCEAElY] gt AR ==A] FRlstr] {3
A Oil Red O 94 AF=2 FEst] AT JYY=E
A7 dnjdez PR 43 CCE 0.05, 0.1, 0.15, 0.2
mg/mle] A FE RFA HRAZ FolFoz A
Z ZrAE Yehyolth, Ao xurEsiase] S4=E St
A7le aAEE 4 ARE % RzA®Pz g3
fenofibrate AZAM|ZXT} 0.2 mg/ml CCE XA 8.1%
=2 IAIES UEelleo] IXEF ABAI FHRFET
FARE XSS AAE eI

ATPRAA RS AuH2E 2FsIHA AZ Y oux &
AL FAA7IEE AAE] 9E8E FoH TP
9 kAl Akt F7F, ZhlA Y] A g 9 ZEg A8
A d ARolA e v 2Fde= Fag AR
2203051 AMP—activated protein kinase (AMPK)S]
S =ES western blot st RS ZAal, 0.2
mg/ml CCEX]E] AlZ7} tixekE 2 Ao =okE(Rosiglitazone)
A MZo vl&| fojAHeE AMPK QAlst &4 2715 B
Fch. AMPKS] ZAsh= A T EY2HE §4&
ZAd= acetyl—CoA carboxylase (ACC)E SlABIA 7o 2
A ACCEAS BB, Ed, 2 AdeA g
Z72 =2 29l Rosiglitazone2 PPARy 8|9 Zslo
ded APAHE oA FFAIAE Z7H= HIEE 7}
A ek, weEkd 2 AoA tixekE I FHYRGFE A
A Zof uls] CCE AZAEo|A ACCS A7} o5t
Z713ro 2 A oA 9] Astdo] JAEE AE gl
i

A k22 g WA Eo| A adipogenesis ZFo] Toist=
HAZHARIZIRl PPARy, C/EBPa® Wdze EA3%H Zif
0.2 mg/ml CCE AZA|ZofA] tfxeks I FAHYRGFE A
g Aze] H3] $19 AAEC] FYFHOR T4 AR
Hol CCEx AA|ZoA AWEs 9 AHEd IR
HToldhs Aoz Helth

olAte] AM2HE CCE: 3T3-L1 AXLA|ZAA |}
AzE B3ue Iy APAE 23t D 20y JA9
Fo gk avte] FoF FFE uAE AoE FIFH
gt ABAZA Y] AE 7HsdE ol

N

A=

= =

2 Ao AFAE 3T3-L1oJA AHz ok 258

(CCE)Y AgAd 9 AgE3E Ao miAle g3 wEst
of & 22 2ES AUTh

1. CCEE 0~ 1 mg/ml AHZ|s=oA 3T3-L1 AERE
28 gasht APl AT 0.2 mg/ml Helswo]
A BHE UehiA gt A0E nal,

2. TUNEL fMZ3} tj2A|Z v]EtCCEE =&
o2 NEAE FAPIRSS Hole FoZ Hol, WA
T S = APAEZ ES]AENE BH

3. CCE9] Oil-red O ¥EXZI} 0.2 mg/mle] FZofA
=z H|ste] 28 3%2] AWEF JA aFE H
St

4, CCEE 3T3-L1 AFAZA A tjZA|3Ee| B]dte] ofjid
A FALE 2AS= AMPK/ACCY iz s =
ZHAHAH,

5. CCEE 3T3-L1 XHAZof|A thRAEe| H|ste] 24
Aol fojo| 7 Fad TS st AARIAKI
PPARy, C/EBPa®] T3ATFE ZAAFTH

o] AdoA AHze ogke FEEL2 3T3-L1 A%
AZAA AGHZATE FE=E Holof, APA|Z 3} 34
A AYEA QA dAETe] el ARE Bl
A ek AEA A2 A2 5 e ALE Amd

A =
o] =EE '2012d% draeldstz shdaTl x|
ofgt Ao ole] FA=YUL,
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